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Abstract
Background: Systemic Epstein-Barr virus+ CD8+ T-cell lymphoma (sEBV+ CD8+ TCL) occurs in childhood
and young adults, and exceptionally rare in older individuals.

Methods: We investigated clinicopathological features in 16 patients of various ages with systemic EBV+

CD8+ T-lymphoproliferative diseases.

Results: Eight younger and four of eight older patients had sEBV+ CD8+ TCL, with invasion by medium-
sized to/or large atypical lymphocytes primarily in bone marrow and lymph nodes, hemophagocytic
lymphohistiocytosis (HLH), and progressive clinicopathological course. Other two patients demonstrated
EBV+ node-based CD8+ large TCL without HLH, while the remaining two had systemic form of chronic
active EBV infection (sCAEBV) with CD8+ small lymphocytes. Past history of sCAEBV-like lesions was
observed in one sEBV+ TCL patient (8.3%). Immunohistologically, in 12 sEBV+ TCL patients, atypical
lymphocytes were positive for phosphate signal transducer and activator of transcription 3 (66.7%),
CMYC (83.3%), and p53 (75%). Programmed cell death-ligand (PD-L)1+ tumor cells and strong reaction of
PD-L1+ non-neoplastic cells were detected in nine sEBV+ TCL patients (75%). Clonal peaks of the T-cell
receptor (TCR)γ gene were detected in eight sEBV+ TCL patients by polymerase chain reaction. Four
younger patients in sEBV+ TCL (33.3%) are in remission with cytotoxic therapies including etoposide, and
the three underwent allogeneic stem cell transplantation (SCT).

Conclusion: sEBV+ CD8+ TCL was observed in younger and older patients with less history of sCAEBV.
HLH, tumor cell atypia, immunohistological �ndings, and progressive clinical course were characteristic in
sEBV+ CD8+ TCL. Prompt cytotoxic treatments and SCT induced tumor regression in sEBV+ CD8+ TCL
patients.

Background
Epstein-Barr virus (EBV)-positive T/natural killer (NK)-cell lymphoproliferative diseases (EBV+ TNKLPDs)
with bone marrow involvement include aggressive NK-cell leukemia, hemophagocytic
lymphohistiocytosis (HLH), and systemic EBV+ T-cell lymphoma (sEBV+ TCL) of childhood [1, 2, 3].
Patients with these TNKLPDs exhibit similar clinicopathological features of high fever,
hepatosplenomegaly, pan- or bicytopenia, and coagulopathy. EBV+ HLH patients occur predominantly in
infants and young adults, and showed increased CD8+ T-cells and small amounts of EBV+ cells in bone
marrow. The HLH patients frequently recover following treatments with the HLH-2004 regimen including
etoposide (VP16) and cyclosporine A, and hematopoietic stem cell transplantation (SCT) [4, 5, 6]. In
contrast, sEBV+ T-cell lymphoma (TCL) of childhood is primarily characterized by EBV+ CD8+ and CD56−

atypical T-cells in bone marrow, lymph nodes, liver, and spleen, and patients demonstrate above described
clinical features of TNKLPDs and mostly follow a rapidly progressive clinical course. Several patients
with sEBV+ TCL of childhood were reported to have past history of systemic from of chronic active EBV
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(sCAEBV) infection [1, 7, 8]. Patients with sCAEBV reveal persistent infectious mononucleosis (IM)-like
symptoms, primarily increased EBV+ CD4+, occasionally CD8+ T-cells and CD56+ NK-cells [9]. sEBV+ TCL
has previously been confused with lethal HLH and sCAEBV [2, 9, 10]. Additionally, EBV+ nodal (node-
based) cytotoxic T/NK-cell lymphoma patients showed frequent hepatic and systemic tumor invasions
without features of HLH, and followed a progressive clinical course [11, 12]. Differentiation between
sEBV+ and EBV+ nodal CD8+ TCL was also di�cult.

EBV+ CD8+ T lymphoproliferative diseases (TLPDs) are exceptionally rare. In the present study, we
investigated 16 patients with systemic EBV+ CD8+ TTLPDs with involvements in bone marrow, lymph
nodes, and liver. Among them, eight were over 50 years old. We primarily present clinicopathological
�ndings from 12 sEBV+ CD8+ TCL patients in childhood and older age, and compared them with those
from EBV+ CD8+ nodal TCL and sCAEBV with CD8+ T-cells.

Materials And Methods
Patient selection and clinical �nding

Registered patients were retrieved retrospectively over the period from 1990 to 2020 from the Department
of Pathology, Fukuoka University. Histological classi�cations were performed based on the WHO
classi�cation (2017) and detailed descriptions of EBV+ TNKLPDs [2, 10, 13]. Criteria for sEBV+ TCL of
childhood were as follows: progressive clinical course with features of HLH, overt in�ltrates of CD8+ and
CD56− cytotoxic T-lymphocytes with small or occasionally medium to large-sized or large nuclei, and
overt lymphoma or rearrangements of T-cell receptor (TCR) genes. EBV+ nodal cytotoxic TCL has a
primarily nodal presentation with limited extranodal disease [11, 12]. sCAEBV presents mainly with IM-like
symptoms persisting for 3 months, elevated peripheral blood EBV DNA (³ 102.5 copies/µg) and the
presence of EBV+ T-lymphocytes with mild nuclear atypia [9, 14]. In this study, EBV+ HLH was excluded
because of small amounts of Epstein-Barr virus-encoded RNAs (EBERs)-positive cells [15], and we
excluded CD8+ and CD56+ EBV+ nasal type TNKCL [2, 3].

Histology, immunohistology, and detection of EBV-encoded RNA

Excised tissue specimens were �xed in 10% formalin to generate formalin-�xed para�n-embedded
samples, and were stained with hematoxylin and eosin. Bone marrow samples and related smears were
examined in all 16 patients. Samples from involved lymph nodes, liver, and other organs were also
examined. Autopsy examination was permitted in three older sEBV+ TCL patients. For
immunohistochemistry, antibodies were applied to formalin-�xed tumor samples using a Leica Bond III-
automated stainer (Leica Biosystems, Buffalo Grove, IL), and peroxidase reaction was developed using
diaminobenzidine. The following antibodies were used: CD3 (PS1, Leica, Newcastle, UK), CD4 (4B12,
Leica), CD8 (C81/44B, Leica), TIA1 (2GP, Beckman Coulter, Marseille, France), granzyme B (11F1, Leica),
CD56 (1B6, Leica), TCRβF1 (8A3, Endogen, Rockford, IL), phosphate signal transducer and activator of
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transcription 3 (pSTAT3) (RB5791, Argent, San Diego, CA), CD30 (BerH2, Dako, Glostrup, Denmark),
programmed cell death 1 (PD1) (NAT105, Abcam, Cambridge, MA), PD-ligand 1 (PD-L1) (E1L3N, Cell
Signaling, Danvers, MA), CMYC (Y69, Abcam), p53 (DO7, Leica), Chemokine receptor (CXCR) 3 (1C6,
Bioscience, San Diego, CA), CC chemokine receptor (CCR) 4 (1G1, Bioscience), CD20 (L26, Nichirei,
Tokyo), latent membrane protein (LMP) 1 (CS1-4, Dako), and EBV nuclear antigen (EBNA) 2 (PE2, Leica).
For all immunostains, reactions were considered positive when over 30% of tumor cells stained positively.
Among them, ³50% of tumor cells stained positively for CMYC, p53, and PD-L1 were considered positive.
Staining intensity of PD-L1 for non-neoplastic cells including histiocytes and dendritic cells, were scored
as: R0 (no positive cells/HPF), R1+ (a few to 5% cells), R2+ (³ 5% to 20%) and R3+ (³ 20%) [16]. The
presence of EBV infection was determined by in situ hybridization of EBERs+ nuclear signals in over 50%
of atypical lymphoid cells. For EBERs stains, depara�nized tissue sections were hybridized in a solution
of 50% formamide containing �uorescein isothiocyanate-labeled EBERs oligonucleotides (EBERs probe,
Leica). Double staining of lymphocyte markers and EBERs was performed to con�rm the presence of
EBV+ CD8+ T-cells.

Molecular analysis of the TCRγ gene locus

For polymerase chain reaction (PCR) ampli�cation of the TCRγ locus, DNA was prepared from 11
available patient samples by standard proteinase K digestion and phenol-chloroform extraction. BIOMED-
2 multiplex PCR assays (InVivoScribe Technologies, San Diego, CA) of TCRγ (Bottles A, B; V-J and D-J
gene rearrangements) were performed using standardized protocols and primers [17]. Following
ampli�cation, TCR-PCR products were analyzed using GeneScan (MultiNA, Shimazu Co., Kyoto, Japan).

Results
Clinical �ndings

Baseline clinical features, treatments, and prognoses of the 16 patients with EBV+ CD8+ TLPDs are
shown in Table 1. Patient Nos. 1–12 were ultimately diagnosed with sEBV+ TCL, Nos. 13 and 14 with
EBV+ nodal TCL, and Nos. 15 and 16 with sCAEBV. The median age of the eight younger sEBV+ TCL
patients was 20 years, and that of four older sEBV+ TCL was 68.8 years. Fourteen patients were
previously healthy without previously documented immunosuppressive states and malignant disease.
Patient No. 12 received operation for thyroid cancer before 20 years, and patient No 16 was a hepatitis B
virus carrier. One younger sEBV+ TCL patient (No. 7) was pregnant, while an older patient (No. 9) had past
history of cutaneous CAEBV-like lesions 6 months before overt manifestation. High fever (n=12),
lymphadenopathy (n=9) and hepatosplenomegaly (n=10) were observed in a short period of time in
sEBV+ TCL patients. Cytopenia was detected in all 12 patients with sEBV+ TCL, and hyperferritinemia
(>500 μg/l) was detected in 10. Hyperbilirubinemia (≥2.0 mg/dl) was detected in seven sEBV+ TCL
patients, and both elevated liver enzymes and lactate dehydrogenase (LDH) (≥500 U/L) were detected in
all 12. Elevated sIL2R (≥2,400 U/ml) was observed in nine sEBV+ TCL patients. Examined �ve younger
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sEBV+ TCL patients revealed elevated EBV DNA copies in peripheral blood. An acute EBV infection pattern
was detected in two younger sEBV+ TCL patients by examination of viral capsid antigens IgM/IgG and
EBNA IgG, and a past infection pattern was detected in eight with sEBV+ TCL. Two EBV+ nodal TCL
patients had high fever and systemic lymphadenopathy and elevated LDH, but were negative for
thrombocytopenia and liver dysfunction. Patient No. 14 demonstrated bicytopenia and hyperferritinemia,
and had past history of erythematous skin lesions 10 months before overt manifestations. Two patients
with sCAEBV demonstrated high fever, IM-like symptoms, pancytopenia, high LDH and sIL2R titers, and
elevated EBV DNA copies (> 102.5 copies/µg) in peripheral blood. Patient No. 15 had no features of HLH,
but patient No. 16 exhibited HLH. Patient No.15 had past history of liver dysfunction 24 months before
overt manifestations. All 16 patients were classi�ed as clinical stage 4.

Pathological and immunohistological �ndings

Histological and immunohistological �ndings in involved organs are shown in Table 2. Scattered and
diffuse in�ltrates of atypical medium-sized to/or large lymphocytes were detected in bone marrow of 10
sEBV+ TCL patients, and partial in�ltrates of atypical lymphocytes were observed in two older patients
(Nos. 10 and 12). Increased histiocytes and hemophagocytic macrophages were detected in bone
marrow and related smears in 12 sEBV+ TCL patients (Fig. 1A, B). Diffuse in�ltrates of pleomorphic
medium-sized to/or large lymphocytes were found in lymph nodes in three sEBV+ TCL patients, and in
pleura and liver in one patient each (Fig. 1C, D). Two EBV+ nodal TCL patients demonstrated diffuse
invasion by large atypical lymphocytes in lymph nodes and subcutis (Fig. 1E). Focal bone marrow
invasion by atypical large lymphocytes was found in one EBV+ nodal TCL patient (No. 14), although no
hemophagocytosis was observed in two. Two patients with CAEBV showed diffuse in�ltrates of small
atypical lymphocytes in lymph nodes (Fig. 1F). Patient No. 15 showed patchy in�ltrates of small
lymphocytes in the hepatic sinuses and portal areas of the liver, but not in the bone marrow.

Immunohistologically, atypical lymphocytes were diffusely positive for CD3, CD8, and cytotoxic granule
proteins in all 16 EBV+ TLPD patients (100%) (Fig. 2A, B, C, Fig. 3B), and negative for CD4, CCR4, CD20,
and CD56. Atypical lymphocytes in the 12 sEBV+ TCL patients were positive for CXCR3 in 10 cases
(83.3%, Fig. 2D), pSTAT3 in eight (66.7%) (Fig. 2E), CMYC in 10 (83.3%) (Fig. 2F), p53 in nine (75%), PD1
in two (16.7%), and CD30 in one (8.3%). PD-L1+ tumor cells (n=1) and strong (R2+ and R3+) reaction of
PD-L1+ histiocytes/dendritic cells (n=8) were found in nine sEBV+ TCL patients (75%). Two nodal TCL
patients showed diffuse in�ltrates of CD30+, pSTAT3+, and CMYC+ large lymphocytes. Atypical
lymphocytes in two patients with sCAEBV were negative for CD30, CMYC, and p53. Three sEBV+ and two
EBV+ nodal TCL patients had scattered LMP1+ and ENBA2− atypical lymphocytes. Many EBERs+ atypical
lymphocytes were detected in all 16 patients (Fig. 3A, B), and double staining revealed EBERs+ nuclear
signals in CD3+ and CD8+ T-cells.

Examination of the TCRγ gene with BIOMED-2 PCR analysis
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Using PCR and GeneScan software, examination of the TCRγ gene in all eight sEBV+ and two EBV+ nodal
TCL patients revealed clonal peaks of the TCRγ VJ and DJ regions (Fig. 4), while one patient with
sCAEBV (No. 15) presented polyclonal peaks (Table 2).

Treatments and prognoses

Combined cytotoxic treatments, including VP16, were administered in six younger and four older sEBV+

TCL patients, and allogeneic SCT was performed in three younger patients. Two younger sEBV+ TCL
patients received steroid pulse therapy because of poor clinical condition. Eight sEBV+ TCL patients died
of the disease within 4 months, whereas the remaining four younger sEBV+ TCL patients who received
cytotoxic treatments and allogeneic SCT (in three cases) were alive after 15–48 months. Two EBV+ nodal
TCL patients received cytotoxic therapies, and one (No. 13) died of the disease in 7 months. One patient
with sCAEBV (No. 15) received cytotoxic treatment, but followed a lethal clinical course with liver
dysfunction. Another CAEBV patient (No. 16) achieved partial remission in 21 months after receiving
dexamethasone and VP16.

Autopsy examination

In three autopsies of older sEBV+ TCL patients, numerous erythrophagocytic macrophages and
degenerative atypical lymphocytes with necrosis were detected in bone marrow and systemic lymph
nodes. Partly nodular and scattered in�ltrates of atypical large atypical lymphoid cells were detected in
the lobules, sinuses and portal areas of the liver, and in periateriolar lymphoid sheaths and focally in red
pulps of the spleen (Fig. 3C, D). Diffuse and patchy in�ltrates of atypical lymphocytes were also detected
in lung, pancreas, intestine, and adrenals of two patients.

Discussion
According to our results, four older patients in 12 sEBV+ CD8+ TCL showed bone marrow, lymph node,
and hepatosplenic invasion of medium-sized to/or large atypical lymphocytes, and exhibited lethal
progressive clinical course with HLH. Park et al. reported on fatal �ve sEBV+ TCL patients over 50 years
old, who showed bicytopenia (100%), generalized lymphadenopathy (60%), liver dysfunction (80%), rare
hemophagocytosis (20%), and no bone marrow invasion (0%) [18]. Among them, three had CD8+ small
and medium-sized to large atypical lymphocytes. Other recent report showed nine patients with sEBV+

TCL predominantly CD8+ T cell phenotype, aged between 1 and 46 years old [10]. Our examined four older
patients demonstrated typical clinicopathological features of sEBV+ TCL of childhood, and indicated that
sEBV+ TCL can occur in the elderly.

A prior study of 39 older patients with EBV+ nodal cytotoxic TCL showed intermittent bone marrow
invasion in 11 patients (29%), thrombocytopenia in 21 (62%), and hemophagocytosis in 13 (38%), and
lymphoma cells had CD4+ (15%), CD8+ (64%), and CD56+ (15%) T/NK-cell phenotypes [11]. Median
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survival of the EBV+ nodal TCL patients was 4 months, and thrombocytopenia, bone marrow, and hepatic
invasions indicated signi�cantly poor prognostic factors (all, p < 0.05). In the present study, two older
patients with EBV+ nodal CD8+ TCL primarily had involvement of systemic lymph nodes without features
of HLH. However, one patient (No. 14) had partial bone marrow invasion, bicytopenia, and
hyperferritinemia. Although age distribution was different, differences in clinical symptoms between
sEBV+ CD8+ TCL of childhood and EBV+ nodal CD8+ TCL may be due to the result of differences in the
primary involved sites of lymphoma cells.

Coffey et al. reported that six younger patients with sEBV+ CD8+ TCL showed clinicopathological features
similar to CD8+ HLH, whereas another two had features similar to sCAEBV with increased atypical CD4+

T-cells [19]. EBV+ HLH was reported to be primarily characterized by CD8+ T-cells with mild nuclear atypia,
and roughly 10% of patients followed a progressive clinical course [6, 13]. Whereas, sCAEBV is primarily
characterized by small and medium-sized lymphocytes with mild atypia, and CD4+ or occasionally CD8+

T-cell and CD56+ NK-cell phenotypes, and it was reported that three of 13 sCAEBV patients (23.1%) had
complicated life-threatening sEBV+ TNKCL [20]. Patients with sEBV+ CD4+ TCL frequently have persistent
history of sCAEBV for several months to years before severe manifestations emerge [1, 14, 19]. In the
present report, only one older patient with sEBV+ CD8+ TCL had past history of cutaneous CAEBV-like
lesions in 6 months before overt manifestation. Although EBV+ HLH, sCAEBV, and sEBV+ TCL are di�cult
to differentiate, and may be serial diseases, the rapidly progressive clinical course, HLH, CD8+ atypical
lymphocytes with overt nuclear atypia, TCR gene rearrangements, and therapy resistance were important
�ndings for making the diagnosis of sEBV+ TCL. It is also necessary to con�rm the progression
mechanism from sCAEBV to sEBV+ CD4+ and CD8+ TCL in younger and older patients.

Patients with sEBV+ CD8+ TCL frequently pursue rapidly progressive clinical course with multiorgan
failure. As a treatment strategy, etoposide (VP16) or the HLH-2004 regimen are selected as �rst-line
treatments for sEBV+ TCL and HLH, and following allogeneic SCT is chosen for achieving long-term
survival [19, 21]. In the current study, only four younger patients with sEBV+ CD8+ TCL (33.3%) achieved
complete remission with above treatments. The present study demonstrated that patients with sEBV+ and
EBV+ nodal CD8+ TCL had frequent expressions of pSTAT3, CMYC, and p53 in in�ltrating atypical
lymphocytes. Combined PD-L1+ tumor cells and strong (R2+ and R3+) reaction of PD-L1+

histiocytes/dendritic cells were frequently found in 12 of 16 patients with EBV+ CD8+ TLPDs (75%).
STAT3 was continuously activated in EBV+ T/NK-cell lines and in peripheral blood mononuclear cells
from CAEBV patients [22]. Furthermore, ruxolitinib (JAK1/2-STAT3 inhibitor) suppressed the
phosphorylation of STAT3 and decreased the number of viable cells. PD-L1+ tumor and non-neoplastic
cells in EBV+ nodal CD8+ TCL were more frequently observed with immunohistology and multiplex
immuno�uorescence than in extranodal NK-cell lymphoma [23]. These protein expression patterns may
be effective to promptly recognize the severity of the diseases. Furthermore, studies of the cell
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characteristics in EBV+ CD8+ TLPDs are necessary to select additional target therapies for preventing a
lethal clinical course.

In conclusion, we mainly presented 12 patients with sEBV+ CD8+ TCL, and four were over 60 years old.
Only one older patient had past history of cutaneous CAEBV-like lesions. sEBV+ CD8+ TCL was
characterized by medium-sized to/or large atypical lymphocytes, primarily in bone marrow, lymph nodes,
liver, and spleen, with features of HLH, and rapidly progressive clinical course. sEBV+ CD8+ TCL was
frequently positive for pSTAT3, CMYC, and p53, which may be effective to recognize the severity of the
diseases. Combined PD-L1+ tumor cells and strong (R2+ and R3+) reaction of PD-L1+ histiocytes/dendritic
cells were frequently found in patients with sEBV+ CD8+ TCL. Four younger patients in 12 sEBV+ TCL
(33.3%) are alive with cytotoxic therapies including etoposide and underwent allogeneic SCT. Additional
target therapies are necessary to prevent a lethal clinical course of EBV+ CD8+ TLPDs.
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Figure 1

A: Diffuse in�ltrate of large atypical lymphocytes and a few erythrophagocytes (arrow) in bone marrow
(patient No. 4). B: Bone marrow invasion by atypical medium-sized and some large atypical lymphocytes
with hyperchromatic nuclei in patient No. 12. Histiocytic reaction and a few erythrophagocytes were
detected. An erythrophagocyte and atypical lymphocyte in a smear. C: Lymph node involvement of large
atypical lymphocytes and some erythrophagocytes in patient No. 5. D: Diffuse in�ltrates of large atypical
lymphocytes in the hepatic lobules (patient No. 11). Destructed hepatic trabeculae are observable in the
right upper part, and a few erythrophagocytes are seen. E: Diffuse in�ltrate of large atypical lymphocytes
and many apoptotic bodies in involved subcutaneous tissue of patient No. 13. F: Diffuse in�ltrate of
small lymphocytes with mild atypia and several scattered erythrophagocytes in lymph node of patient
No. 16. ×400.



Page 14/16

Figure 2

A: Numerous CD8+ medium-sized and large lymphocytes in aspirated bone marrow from patient No. 3. B:
Scattered in�ltrate of CD8+ medium-sized and large lymphocytes in bone marrow from patient No. 12. C:
Scattered and clustered TIA1+ large lymphocytes in hepatic lobules of patient No. 11. D, E: pSTAT3+ and
CMYC+ atypical lymphocytes in bone marrow (patient No. 4). F: Scattered histiocytes/dendritic cells
show strongly positive reaction to PD-L1 (R3+) in a lymph node from patient No. 9. ×400.
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Figure 3

A: In situ hybridization of Epstein-Barr virus-encoded RNAs (EBERs). Numerous EBERs+ transformed
lymphocytes detected in bone marrow (left, patient No. 7). Numerous CD8+ (red: Fast red) and EBERs+
(brown: diaminobenzidine) large lymphocytes observed in a lymph node (right, patient No. 9). B: Diffuse
sinusoidal invasion by CD8+ (left) and EBERs+ (right) lymphoid cells in liver from patient No. 15. C:
Lobular and focal sinusoidal invasions by large atypical lymphocytes in autopsied liver (patient No. 10).
D: Periarteriolar and partial sinusoidal invasions by large atypical lymphocytes in autopsied spleen
(patient No. 11). ×400.
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Figure 4

T-cell receptor (TCR)γ gene analysis by PCR. Clonal peaks (arrows) of the TCRγ gene VJ and DJ regions
(Tubes A, B) detected by GeneScan analysis in patient Nos. 4 and 9, respectively.


