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Abstract

Systemic Epstein-Barr virus-positive (EBV+) T-cell lymphoma 
(TCL) of childhood is an uncommon TCL that occurs secondary to 
an acute or chronic EBV infection. The disorder is characterized by 
the monoclonal expansion of EBV+ T cells driven by an increased 
immune response and defect in regulatory pathways. Thus, systemic 
EBV+ TCL of childhood is frequently associated with a hyperin-
flammatory state, hemophagocytic lymphohistiocytosis (HLH) syn-
drome, and exhibits a fulminant clinical course with poor outcomes. 
Additionally, genetic alterations at specific chromosome loci, such 
as chromosome 22q11.2, are hypothesized to increase the chances 
of carcinogenic transformation and increase the risk of non-Hodg-
kin lymphoma later in life. Chemotherapy, immunotherapy, and al-
logenic stem cell transplants are treatment options with varying de-
grees of success. In this report, we describe a case of a 21-year-old 
male with a primary acute EBV infection that led to HLH syndrome. 
He was ultimately diagnosed with systemic EBV+ TCL of child-
hood. Despite treatment chemotherapy, the patient passed before 
an allogenic stem cell transplant could be performed. We explore 
the clinicopathological features of his disease and a possible new 
oncogenic locus at the t(1;22)(p22;q11.2) breakpoint. Our case un-
derscores the importance of retaining a wide differential diagnosis, 
including unusual presentations of systemic EBV+ TCL of child-
hood, when presented with an adult case of HLH. It also highlights 
a possible new genetic locus associated with immunological malig-
nancies that warrants further study.
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Introduction

Systemic Epstein-Barr virus-positive (EBV+) T-cell lympho-
ma (TCL) of childhood is a rare disease with varying presenta-
tions, including hemophagocytic lymphohistiocytosis (HLH) 
syndrome, severe sepsis, or multiorgan failure in a clinical set-
ting. The disorder is characterized by the monoclonal expan-
sion of EBV+ T cells with an activated cytotoxic phenotype 
[1, 2]. Most cases of both systemic chronic active EBV dis-
ease (CAEBV) and systemic EBV+ TCL of childhood occur 
in pediatric and adolescent Asian populations - particularly in 
Japan, Taiwan, and China - and Native American, Central and 
South American populations [3]. Here, we describe a rare, fa-
tal case of EBV+ TCL with secondary HLH in a White male 
patient.

The clonal expansion of EBV+ T cells with cytotoxic phe-
notype is driven by an increased immune response to persistent 
EBV+ infected cells, which results in excessive proliferation 
of T cells [2]. The process is further aided by disruption of 
regulatory immune pathways that would temper the body’s im-
mune response [4]. Thus, systemic EBV+ TCL of childhood 
is frequently associated with a hyperinflammatory state and 
exhibits a fulminant clinical course.

Histopathological characteristics of the systemic EBV+ 
TCL include bone marrow, spleen and liver infiltration 
with small lymphoid cells with histiocytic hyperplasia, and 
hemophagocytosis [5]. These neoplastic lymphoid cells are in-
distinguishable from normal lymphocytes and can show mini-
mal to no cellular atypia; they are EBV+ CD8 cytotoxic T cells. 
These cells also express CD2, CD3, TIA-1, and granzyme B, 
but are negative for CD56 expression. Rare cases exhibit both 
CD4- and CD8-positive T cells. LMP1 and EBNA2, viral pro-
teins essential for cellular transformation, are commonly ab-
sent in neoplastic cells following EBV infection. Infiltrating T 
cells generally have monoclonal rearrangements of the T-cell 
receptor genes, and EBV is present in a clonal episomal form 
[3]. The serological tests to diagnose active EBV infection are 
inconsistent and nondiagnostic, anti-viral capsid antigen IgM 
(VCA) is often negative, while IgG VCA antibodies are gener-
ally positive. On the other hand, the EBV in situ hybridization 
(ISH) testing can confirm the EBV infection [3].

There are several genetic alterations that can predispose 
these patients to carcinogenic transformation following fre-
quent and intensive infection from the EBV. Genetic deletions 
at chromosome locus 22q11.2 have been associated with Di-
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George syndrome, velocardiofacial syndrome, and the Cayler 
cardiofacial syndrome [6]. In all these instances, the disorders 
are characterized by thymic hypoplasia, leading to a range of 
T-cell deficits and interference with tumor surveillance [6]. 
Consequently, these patients have an increased predisposition 
for non-Hodgkin lymphoma [7].

In this case report, we describe the clinicopathological 
features of systemic EBV+ TCL of childhood that arose in the 
setting of HLH secondary to EBV infection, review treatment 
options, and investigate the meaning of a possible constitu-
tional t(1;22)(p22;q11.2) mutation.

Case Report

A 21-year-old Caucasian male was hospitalized in February of 
2022 for intermittent fevers, chest pain, shortness of breath, fa-
tigue, and tachycardia of 1 week duration. His past medical his-
tory was negative for severe mosquito bite allergy, DiGeorge 
syndrome or other disorders associated with chromosome lo-
cus 22q11.2. Upon physical examination, he presented with 
hepatosplenomegaly and tachycardia. Laboratory findings es-
tablished a decreased white blood cell (WBC) count of 1.44 
× 109/L, a lactic acid level of 3.0 mmol/L, and a ferritin level 
of 16,782 ng/mL. An electrocardiogram (EKG) showed sinus 
tachycardia. A computed tomography (CT) scan of the thorax, 
abdomen, and pelvis exhibited lymphadenopathy in the peri-
aortic and lower mesenteric areas. A biopsy of the left inguinal 
lymph node found atypical cells with prominent erythrophago-
cytosis. A bone marrow biopsy showed mild, interstitial T-cell 
infiltrate with focal EBV+ cells, which were identified by ISH. 
There was no evidence of hemophagocytosis on bone mar-
row biopsy. A fluorescence in situ hybridization (FISH) study 
showed the patient possessed a t(1;22)(p22;q11.2) transloca-
tion. An infectious mononucleosis screen showed Q-PCR 
EBV levels of 10,400 International Unit (IU) per mL, solu-
ble interleukin-2 receptor (IL-2R) alpha testing was 24,412 U/
mL (reference range: 223 - 710). TCR rearrangement was not 
detected by PCR testing for beta and gamma rearrangements. 
HTLV I/II antibody testing was also negative. The patient was 
diagnosed with HLH, secondary to EBV infection.

The patient was treated with intravenous methylpred-
nisolone, intravenous immune globulin (IVIG), and weekly 
rituximab for four doses, but his symptoms persisted. EBV 
titers peaked at 39,400 IU/mL. Eventually, 10 doses of anak-
inra were added to his treatment regimen, and his symptoms 
of fever, tachycardia, hypoxia, and pain resolved. He was dis-
charged on prednisone and EBV titers trended down to 360.0 
IU/mL. Unfortunately, his EBV titers started to trend up again. 
The fevers returned 3 months later, and he was admitted for 
concerns of disease progression. The patient once again pre-
sented with marked hepatosplenomegaly and fever. The pa-
tient reported nausea, fatigue, and a sore throat. Laboratory 
findings showed marked pancytopenia (WBC 1.55 × 109/L, 
hemoglobin 12.8 × 109/L, absolute neutrophil count 1.01 × 
109/L, and absolute lymphocyte count 0.36 × 109/L), EBV Q-
PCR of 3,850.0 copies, high ferritin of 19,687 ng/mL, triglyc-
eride level of 167 mmol/L, IL-8 level of 8.7 pg/mL (reference 

range 0.0 - 34.7) and an IL-2R alpha level of 2,211 U/mL. He 
fulfilled 6/8 criteria for the diagnosis of HLH: fever, spleno-
megaly, hemophagocytosis in the lymph nodes, absent natural 
killer (NK) cell activity, elevated IL-2 levels > 2,400 U/mL 
and serum ferritin > 500 ng/mL.

A CT of the thorax, abdomen, and pelvis revealed innu-
merable pulmonary nodules and hypodense lesions in the liver 
and spleen. Magnetic resonance imaging (MRI) of liver further 
defined these lesions as large rim enhancing lesions permeat-
ing throughout the liver and spleen, and some lesions had de-
layed continuous peripheral contrast fill-in. Due to suspicion 
of lymphoma, progressive HLH, or a diffuse fungal infection, 
biopsies were taken from a pulmonary nodule, the left inguinal 
lymph node, a liver lesion, and bone marrow.

After coordinating with the National Institutes of Health 
(NIH) to analyze the pathological slides, the bone marrow 
biopsy showed mildly hypocellular bone marrow, with in-
terstitial T-lymphocytic infiltrate, negative for EBV+ cells. 
Next-generation sequencing performed for a broad array of 
mutations detected in lymphoid disorders was negative.

The left inguinal lymph node showed effacement of its ar-
chitecture by atypical lympho-histiocytic infiltrates, predomi-
nantly by CD3+ T cells and few scattered CD20+ B cells (Figs. 
1-3). These infiltrates were composed of atypical lymphoid 
cells mixed with numerous histiocytes displaying prominent 
erythrophagocytosis (Figs. 4 and 5).

The lung nodule biopsy was largely necrotic with few vi-
able areas. The viable regions contained an atypical lympho-
histiocytic infiltrate, predominantly composed of CD3+ T cells 
(Figs. 6 and 7). Epstein-Barr encoding region ISH, a method 
used to detect EBV in tissue sections, showed few scattered 
positive cells ranging in size (Fig. 8).

The liver biopsy also showed atypical dense lympho-histi-
ocytic infiltrates composed of histiocytes and atypical medium 
to large lymphoid cells (Fig. 9). Approximately 40% of the 
sample was necrotic. An immunohistochemistry (IHC) stain-
ing of the liver biopsy showed atypical lymphocytes identi-
fied as a mixture of CD4 and CD8 T cells, with CD4 T cell 
predominance. They further stained positive for CD2, CD3, 

Figure 1. Low-power view (× 4) of left inguinal lymph node from an ex-
cisional biopsy that shows effacement of the lymph node architecture.
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Figure 2. Low-power view (× 4) of left inguinal lymph node from an ex-
cisional biopsy after CD3 staining shows effacement of the lymph node 
architecture is predominantly by CD3+ T cells.

Figure 3. Low-power view of left inguinal lymph node from an exci-
sional biopsy after CD20 staining shows scattered CD20+ B cells.

Figure 4. High-power view (× 60) of left inguinal lymph node after he-
matoxylin and eosin staining reveals histocytes with engulfed red blood 
cells (× 60) as indicated by the yellow arrow.

Figure 5. High-power view (× 40) of CD235 highlights intracytoplasmic 
red blood cells within the histiocyte (black arrow).

Figure 6. High-power view (× 40) of left lung lesion transbronchial bi-
opsy after hematoxylin and eosin staining reveals infiltrate composed 
of atypical lymphocytes, some with prominent nucleoli.

Figure 7. Low-power view (× 20) of left lung lesion biopsy after CD3 
staining shows atypical lymphocytic infiltrate predominantly composed 
of CD3+ T cells.
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CD5, GATA3 (Fig. 10) and negative for anaplastic lymphoma 
kinase (ALK), CD56 (NK cells) (Fig. 11), and CD1a (dendritic 
cells). Further CD68 and CD163 staining revealed numerous 
histiocytes and Kupffer cells in the liver biopsy. An analysis 
of CD30 (member of the tumor necrosis factor receptor su-
perfamily) and MUM1 (protein expressed in activated T cells) 
IHC staining showed scattered positive cells in a similar distri-
bution. CD15 (myeloid cells) and CD20 (B-cell marker) stains 
were negative (Fig. 12), and PAX5 (B-cell transcription factor) 
stains revealed rare B cells. EBV ISH did indicate scattered 
EBV+ cells within the liver parenchyma (Fig. 13).

Cytogenetic FISH studies from the patient’s bone mar-
row showed an abnormal male karyotype positive for a t(1;22)
(p22;q11.2) translocation in every cell of 20 cells found in meta-
phase, indicating that it could be a constitutional mutation (Fig. 
14). He was negative for the most common abnormalities relat-
ed to non-Hodgkin’s lymphoma and chromosome 21 deletion.

Based on all these tests, it was determined that the pathol-
ogy was most consistent with systemic EBV+ TCL of child-
hood. The patient was prescribed antimicrobial prophylaxis, 

and a follow-up was scheduled to begin chemotherapy with the 
goal of bone marrow transplant.

He was given four cycles of cyclophosphamide, hy-
droxydaunorubicin, oncovin, etoposide, prednisone (CHOEP) 
regimen with no treatment response. He switched to ifosfa-
mide, carboplatin and etoposide (ICE) regimen, and received 
one cycle. Again, he switched treatment to dexamethasone, 
methotrexate, ifosfamide, L-asparaginase, and etoposide 
(SMILE) regimen and then nivolumab and brentuximab vedo-
tin given the progressing disease. However, he did not respond 
to these therapies and passed away due to severe sepsis. Fig-
ure 15 depicts EBV titers throughout his entire disease course, 
and the effects of various chemotherapy regimens on his EBV 
titers. The rising EBV titers after chemotherapy depict resist-
ance to treatment and refractory disease (Fig. 15). The patient 
was categorized as a high-risk patient with refractory disease, 
and the only curative option was to receive allogeneic hemat-
opoietic stem cell transplant (allo-HSCT).

Discussion

We report the first case, to our knowledge, of EBV+ TCL in a 
White patient who had a t(1;22)(p22;q11.2) translocation and 
underwent chemotherapy with the goal to induce complete re-
mission (CR) and consolidate with allogenic stem cell trans-
plant. Unfortunately, the patient passed away before this could 
be achieved.

The 2022 WHO classification of EBV+ T- and NK-cell 
lymphoid proliferations and lymphomas of childhood is sub-
classified into four major groups: severe mosquito bite allergy, 
hydroa vacciniforme lymphoproliferative disorder (LPD), 
systemic CAEBV, and systemic EBV+ TCL of childhood [3, 
8]. Systemic EBV+ TCL of childhood is a rare disorder with 
a rapidly fatal disease course and poor prognosis. When as-
sociated with HLH, systemic EBV+ TCL presents with high 
fever, hepatosplenomegaly, pancytopenia, coagulopathy, and 
abnormal liver function tests. The median age of diagnosis 
is 20 years, and there is no correlation with the patient’s sex 
[9]. Patient mortality is high, with death often occurring only 

Figure 9. Low-power view (× 10) of liver core biopsy by hematoxylin 
and eosin stain showing infiltrate composed of atypical lymphocytes 
with adjacent viable liver.

Figure 10. Low-power view (× 20) of liver core biopsy showing CD3+ 
staining is strongly positive indicating presence of numerous T cells 
within atypical lymphoid infiltrate.

Figure 8. Low-power view (× 20) of left lung lesion biopsy of Epstein-
Barr virus (EBV) detection by in situ hybridization (EBER) stain show-
ing that focal large cells within the atypical lymphocytic infiltrate are 
positive for EBV.
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weeks or months after diagnosis [9]. Without high clinical sus-
picion, rapid diagnosis, and adequate treatment, death often 
occurs within weeks.

The treatment of systemic EBV+ TCL is nuanced in part 
because there are no consensus guidelines on the most appro-
priate first-line treatment. Evidence supporting any regimen 
is based on case reports and retrospective reviews. A common 
approach has been to induce remission with chemotherapy 

followed by consolidation and allogeneic stem cell transplant 
[10].

The choice of chemotherapeutic regimen, for systemic 
EBV+ TCL, typically includes etoposide and dexamethasone. 
Non-anthracycline-containing regimens that utilize etoposide 
or L-asparaginase have been efficacious against NK/T-cell 
lymphomas [11]. The chemotherapeutic agent etoposide has 
been proven in mice to have a high specificity against T-cell 
proliferation and cytokine secretion [11]. An observational 
study published in Blood in 2012 identified a cohort of 108 

Figure 11. Low-power view (× 10) of liver core biopsy showing CD56 marker is negative indicating the lack natural killer (NK) 
cells.

Figure 12. Low-power view (× 20) of liver core biopsy by CD20 stain, 
which is largely negative, reveals lymphoid infiltrate containing rare B 
cells.

Figure 13. Low-power view (× 10) of Epstein-Barr virus (EBV) in situ 
hybridization (ISH) or EBV encoded small RNA (EBER) ISH indicating 
scattered EBV+ cells within the liver parenchyma.
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patients with EBV-associated T-cell or NK-cell LPDs, 53 of 
which were classified as systemic EBV+ T-cell LPD of child-
hood. Chemotherapy regimens in this study included CHOP, 
CHOP + etoposide, and cyclosporine A/etoposide/dexametha-
sone. However, only 7% of the patients that received chemo-
therapy in this study achieved a sustained CR [12]. We chose 
to treat our patient with CHOEP to induce remission, but 
his disease did not respond to treatment and was ultimately 
deemed refractory.

We chose to treat him with ICE regimen after his disease 
was refractory to CHOEP with the goal of pursuing an HSCT. 
In a study of 33 patients with extra nodal NK/T-cell lympho-
ma, chemotherapy regimens, such as (dexamethasone, etopo-
side, ifosfamide, carboplatin (DeVIC), combined with concur-
rent radiotherapy have shown an overall response rate (ORR) 
of 78% and a CR rate of 75% [13]. Our patient’s EBV titers 
continued to trend upward after one cycle of ICE. For relapsed 
or refractory NK/T-cell lymphomas that have not responded to 
anthracycline or etoposide-containing agents, salvage therapy 
with L-asparaginase-containing regimens has shown promise. 
L-asparaginase has been demonstrated to have excellent in 
vitro anti-NK/T-cell lymphoma activity [14[. In a phase 2 trial, 

SMILE therapy had an ORR of 80% and CR of 40% after two 
cycles [13]. We tried SMILE regimen but had no success in 
achieving remission, and his titers continued to trend upward.

Recently several new agents have become available for 
use in refractory peripheral T-cell lymphomas (PTCLs). Prala-
trexate and romidepsin, for example, are approved broadly for 
PTCL with ORRs in large phase 2 studies of 29% and 25%, 
respectively [15, 16]. Brentuximab vedotin, a CD30-directed 
antibody-drug conjugate, has shown objective response in 41% 
of patients with relapsed TCLs including 54% of angioimmuno-
blastic T-cell lymphoma (AITL) patients [17]. A proportion of 
PTCLs (15-41% and 46-100%) overexpress programmed death 
ligand-1 (PD-L1) and CD30 [18, 19]. Thus, combination of 
Brentuximab vedotin and nivolumab could potentially be thera-
peutic. As per CheckMate 436 study, 33.3% of patients achieved 
CR and 12-month overall survival (OS) was 46.1% [20]. We, 
lastly, tried Brentuximab vedotin and nivolumab, which helped 
lower his EBV titers and control his disease. However, our pa-
tient passed away from sepsis before we could attempt an HSCT.

Allo-HSCT has been suggested as a potential cure for 
EBV+ TCL and could increase patient survival. While inves-
tigational data do not exist to support this approach for EBC+ 

Figure 14. Fluorescence in situ hybridization (FISH) analysis of cells in metaphase showing constitutional mutation t(1;22)
(p22;q11.2). The constitutional mutation was found in 100% of cells. Twenty cells in metaphase were analyzed using ASR DNA 
probes (Abbott Molecular Inc.) for common genetic abnormalities found in acute lymphoblastic leukemia, non-Hodgkin lymphoma 
and Hodgkin lymphoma. It did not detect any abnormalities on D6Nz1, MYB on chromosome 6, MYC on 8q. D13S319 and 
LAMP1 on 13q. IGH on 14q. and TP53 on 17p.
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TCL, specifically. In the same cohort of 108 patients, diag-
nosed with EBV-associated T-cell or NK-cell LPDs, studied by 
Kimura et al, 55% of the patients were given a stem cell trans-
plant, with 60% of those with HLH achieving a CR [12]. OS 
was found to be statistically significant in this study, for T-cell 
LPD that received transplant (15-year OS: 56.9% vs. 36.1%; 
P = 0.003) [12]. Considering the complications and risks as-
sociated with allo-HSCT, it is typically reserved for high-risk 
patients with high-risk cytogenetics or patients with advanced 
relapsed/refractory disease.

There are active researches going on involving the role 
of novel therapies, including monoclonal antibodies, such as 
daratumumab, anti-PD-1 inhibitors, and JAK 1/2/3 inhibitors; 
however, these interventions have been primarily studied in 
extranodal NK/T-cell lymphomas [21]. Cytotoxic lympho-
cytes (CTLs) have also been examined targeting LMP1 and 
LMP2, which are weakly expressed on tumor cells of patients 
with NK-cell predominant TCL. The precise role of CTLs is 
not yet clear, as these have been studied mostly in the con-
solidative setting following radiotherapy and autologous stem 
cell transplant. Additionally, CTLs have not been studied in 
the diagnosis of systemic EBV+ T-cell LPD of childhood, and 
a major limitation in the use of CTLs is the timeline for manu-
facturing which typically takes weeks to months.

The phase 3 ALLELE trial was recently published and 
led to the approval of an off the shelf CTL, tabelecleucel, for 
relapsed/refractory EBV+ post-transplant lymphoproliferative 
disorder (PTLD) following solid organ transplant (SOT) or 
HSCT. In this trial, patients were required to have already re-

ceived treatment with rituximab [22]. The objective response 
rates were promising with about 52% of HSCT recipients and 
50% of SOT recipients achieving an objective response [22]. 
The treatment was also noted to be well tolerated, with the 
main toxicity being neutropenia [22]. Tabelecleucel specifi-
cally targets the EBV 3 latency profile to induce cytotoxic kill-
ing of all cells expressing the target antigens. This therapy has 
only been tested in EBV+ B-cell LPDs [22].

Our case illustrates that, while rare, this disease is not 
limited to Asian populations and can affect other ethnicities. 
Tabanelli et al found 14 cases of systemic EBV+ TCL of child-
hood among the European and US populations prior to 2011 
[9]. Most cases were patients with Asian or Native American 
ethnic origins with only three cases among White patients [9].

The mutation seen in our patient, specifically the t(1;22)
(p22;q11.2) mutation, warrants further investigation in patients 
with EBV+ TCL. An autopsy report from Japan investigating 
a 25-year-old man with DiGeorge syndrome who passed away 
from an EBV+ TCL noted a mosaic chromosome 22q11.2 dele-
tion within the patient’s cardiac myocytes and lymphoma cells 
[23]. The 22q11.2 deletion has long been linked to DiGeorge 
syndrome, but the forementioned case report was the first 
reported association with an EBV+ T-cell malignancy [24]. 
Another report also found a constitutional t(1;22)(p22;q11.2) 
mutation in a 5-year-old patient with an ependymoma [25). 
While it is well known that this chromosome region is impor-
tant for craniofacial development, the role it plays in thymus 
development and its association with rare immunologic cell 
derived malignancies may point towards an oncogenic mecha-

Figure 15. Epstein-Barr virus (EBV) DNA quantification via polymerase chain reaction. A line graph that charts EBV titers 
throughout the patient’s disease course, including the effects of chemotherapy. The arrows denote the start of chemotherapy 
regimen and the subsequent increase in titers indicates resistance to treatment. CHOEP: cyclophosphamide, hydroxydaunoru-
bicin, oncovin, etoposide, prednisone; ICE: ifosfamide, carboplatin, and etoposide; SMILE: etoposide, ifosfamide, methotrexate 
and dexamethasone.
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nism [7]. The t(1;22)(p22;q11.2) breakpoint lies between the 
DiGeorge locus and the breakpoint cluster region, a significant 
component of the Philadelphia chromosome oncogene [7, 26]. 
A tumor suppressor gene may also exist within this region and 
is inactivated by additional systemic infections, such as EBV, 
leading to adverse outcomes. Additional research will clarify 
whether mutations in this chromosome region are causative or 
merely correlate with oncogenesis.

Conclusion

Our case report underscores the importance of retaining a wide 
differential diagnosis in an adult patient presenting with HLH, 
including unusual presentations of systemic EBV+ TCL of child-
hood, and highlights a possible new genetic locus associated with 
immunological malignancies. The case also highlights the need 
for more descriptive studies that clarify disease presentation and 
the role of genetics in disease progression. There is a notable lack 
of evidence on effective treatment strategies for systemic EBV+ 
TCL of childhood and role of stem cell transplant. We hope that 
future research in these areas will lead to the development of 
early detection methods and improved treatment options.
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