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Purpose: The significance of Epstein-Barr virus (EBV) infections for the prognosis of
patients with peripheral T-cell lymphomas (PTCLs), specifically angioimmunoblastic T-cell
lymphoma (AITL) and PTCL not otherwise specified (PTCL-NOS), remains unclear. The
Epstein-Barr encoding region can be used to detect EBV in tissue sections by in situ
hybridization (ISH) and by polymerase chain reaction (PCR) assays of peripheral blood
samples from patients with PTCLs. This study compared the outcomes patients with AITL
or PTCL-NOS for whom the presence of EBV infection was assessed by these two
methods.

Patients and Methods: This was a retrospective study of patients newly diagnosed with
AITL or PTCL-NOS. All patients were selected from a single transplantation center. EBV-
positive lymphomas were detected at the time of diagnosis in tissue sections by ISH or in
the blood by PCR.

Results: Out of a cohort of 140 patients with histologically confirmed AITL or PTCL-NOS,
105 were EBV-positive. The 3-year overall survival of patients with EBV-positive TCL was
43.3% compared to 68.6% in patients with EBV-negative TCL (p = .01). Patients who
were treated with autologous or allogeneic hematopoietic stem cell transplantation (n = 28
and n = 11, respectively) or chemotherapy alone (n = 66) had 3-year survival rates of
67.0%, 62.3%, and 30.2%, respectively (p <.02). Patients with EBV-positive TCL had a
better prognosis after treatment with hematopoietic stem cell transplantation compared to
chemotherapy alone, but no difference was seen among patients with EBV-negative TCL.

Conclusions: EBV infection was shown to negatively affect the clinical outcomes of
patients with TCL. Stem cell transplantation has been found to be an effective treatment
January 2022 | Volume 11 | Article 7970281

https://www.frontiersin.org/articles/10.3389/fonc.2021.797028/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.797028/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.797028/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.797028/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.797028/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:chosg@catholic.ac.kr
https://doi.org/10.3389/fonc.2021.797028
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2021.797028
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2021.797028&domain=pdf&date_stamp=2022-01-11


Kim et al. EBV Positivity, AITL and PTCL-NOS

Frontiers in Oncology | www.frontiersin.org
for EBV-associated lymphomas. Further investigations are warranted to determine the
optimal treatment for these patients.
Keywords: Epstein-Barr virus, angioimmunoblastic T-cell lymphoma, peripheral T-cell lymphoma, T-cell
lymphoma, transplantation
INTRODUCTION

Peripheral T-cell lymphomas (PTCLs) are neoplasms derived
from the post-thymic lymphocytes and account for
approximately 15% of non-Hodgkin lymphoma in the Western
hemisphere (1). Angioimmunoblastic T-cell lymphoma (AITL)
and PTCL not otherwise specified (PTCL-NOS) are the second
and third most common PTCLs in Asia and account for 24.7%
and 20.8% of cases, respectively (2).

PTCL-NOS is diagnosed after excluding other subtypes and
consists of both histologically and immunohistochemically
heterogeneous tumors (3). Epstein-Barr virus (EBV) is detected
in approximately 74-91% of all AITL cases and about 21% of
PTCL-NOS cases (4, 5).

The effect of EBV on PTCLs has long been debated.
According to the literature, some studies have reported a worse
prognosis in patients with EBV detected in peripheral blood by a
polymerase chain reaction (PCR) (6–8). However, no studies
comparing the different EBV detection methods, such as in situ
hybridization (ISH) in tissue sections and PCR assays using
blood specimens, have been conducted on patients with PTC-
NOS nor AITL.

This study aimed to investigate the impact of EBV status on
the prognosis of patients with PTCL and to compare the use of
the two methods for detecting EBV: EBV-encoded small RNA in
situ hybridization and PCR of DNA polymerase gene. We also
assessed the role of hematopoietic stem cell transplantation
(HSCT) in these patients.
MATERIALS AND METHODS

Study Population
The study protocol was approved by the Institutional Review
Board and Ethics Committee of the Catholic Medical Center in
South Korea (KC21RISI0603). The need for informed consent
was waived due to the retrospective nature of the study.

This study included patients diagnosed with AITL or PTCL-
NOS between May 2009 and May 2019 at the Catholic
Hematology Hospital in South Korea. The inclusion criteria
were patients with biopsy-proven lymphoma and EBV status
analyzed using both ISH and PCR. Patients either without PCR
or ISH testing were excluded from the study. All cases were
confirmed as PTCL-NOS or AITL using the morphological and
immunophenotypic diagnostic criteria of the World Health
Organization (3). Patients were evaluated before treatment in
terms of performance status, physical examination, complete and
differential blood counts, blood chemistry, lactate dehydrogenase
levels, chest radiography, and bone marrow biopsy. Computed
2

tomography (CT) of the chest, abdomen, and pelvis and positron
emission tomography (PET) were used to determine cancer stage
in the cohort.

Treatment and Response
ProMACE-CytaBOM, CHOP, or SMILE chemotherapy
regimens were used, as mentioned in previous studies. The
ProMACE-CytaBOM regimen consisted of doxorubicin,
cyclophosphamide, and etoposide on day 1 followed by
bleomycin, cytosine arabinoside, and vincristine on day 8 as
well as prednisone on days 1 – 14. The CHOP regimen consisted
of doxorubicin, cyclophosphamide, and vincristine on day 1 and
prednisone on days 1 – 5 and was repeated every 21 days (9). The
SMILE regimen consisted of methotrexate on day 1, ifosfamide
and etoposide on days 2 – 4, and intravenous L-asparaginase
based on the existing protocol (10). The doses were adjusted for
all patients based on their performance status in addition to
hematological, neurological, and infusion-related adverse effects.

Response evaluation was done quarterly for all patients
during the first year, biannually for the next three years, and
annually thereafter to detect disease recurrence. The response
criteria for malignant lymphoma included complete remission
(CR; no evidence of disease), partial remission (PR; disease
regression but with a measurable remnant and no new lesions),
progressive disease (PD; new lesion ≥ 50% of the size of the
previous lesion), and stable disease (SD; absence of CR, PR, and
PD. Progress free survival (PFS) is defined as the time from
diagnosis until lymphoma progression or death as a result of any
cause. Overall survival(OS) is defined as the time from diagnosis
until death as a result of any cause (11). The cumulative
incidence of relapse (CIR) represented the time between
disease diagnosis and relapse.

All patients with AITL and PTCL who achieved CR were
initially recommended for frontline autologous HSCT. Our
department recommended salvage allogeneic HSCT in
refractory or relapsed after CR and PR. For conditioning
regimen for autologous HSCT, dose reduction strategy of a BU-
MEL-TT regimen were used as previous described (12). BU-MEL-
TT regimen consist of 2.4 mg/kg busulfan for three consecutive
days (total 7.2 mg/kg), 40 mg/m2 melphalan for 2 days (total 80
mg/m2), and 200 mg/m2/thiotepa for two consecutive days (total
400 mg/m2). The standard regimen for allogeneic HSCT, RIC
FMT regimen previously published (13), consisted of 30 mg/m2

fludarabine for 6 consecutive days (total 180 mg/m2) and 70 mg/
m2 melphalan for 1 day with TBI of 800 cGy in 4 fractionated
doses for 2 days. Graft versus host disease prophylaxis mainly
consisted of cyclosporine for all sibling transplants or tacrolimus
for unrelated or haploidentical transplants) with methotrexate (5
mg/m2 for tacrolimus and 10 mg/m2 for cyclosporine on days
after transplant 1, 3, 6, and 11).
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Real-Time PCR for Plasma EBV
Blood samples were col lected in tubes containing
ethylenediaminetetraacetic acid, and DNA was extracted using
the Real-Q EBV quantification kit (BioSewoom Inc., Seoul,
Korea). Real-time quantitative PCR assays were performed for
EBV-specific sequences using the ABI Prism 7500 system
(Applied Biosystems Inc., Foster City, CA, USA). Copy
numbers were analyzed using a standard curve. The lower
threshold for test sensitivity was 5 × 102 copies/mL, and
patients with lower values were considered EBV-DNA-negative.

Tissue ISH
The presence of EBV-specific small RNAs was investigated by
ISH. EBV-encoded small RNA (EBER) oligonucleotides were
added to formalin-fixed paraffin-embedded sections in
accordance with the Inform EBER Probe Assay Protocol
(Ventana Medical Systems Inc., Oro Valley, AZ, USA).

Statistical Analysis
All categorical variables were analyzed using the chi-squared or
Fisher’s exact tests whereas the Mann-Whitney u test and
Student’s t-test were used for continuous ones.

PFS, OS, and CIR were assessed using Kaplan-Meier curves
and compared using the log-rank test. In order to identify the
factors that significantly affected survival in the univariate
analysis, a Cox proportional-hazards model was used. All
predictors with a p-value of <.1 were included in the
multivariate analysis. The reported p-values were two-sided,
and statistical significance was set at p <.05. All statistical
analyses were performed using the R software (version 3.4.3).
RESULTS

Patient Characteristics
In total, 140 patients with AITL (n = 68) or PTCL-NOS (n = 72)
were included in this study. We defined the EBV-positive group
as either detected by PCR or ISH, which was comprised 105
patients. Neither detected by PCR and ISH was 35 patients with
EBV-negative group. The median age was 55 years (range, 18–83
years) in the EBV-positive group and 55 years (range, 27–77
years) in the EBV-negative group. Using the International
Prognostic Index (IPI), 45.7% of patients in the EBV-positive
group scored 0–2, and 54.3% scored 3–5. In the EBV-negative
group, these percentages were 48.6% and 51.4%, respectively.
There were more EBV-positive cases among patients with AITL
(57.1%, n = 60) than among patients with PTCL-NOS (42.9%,
n =45). Patient characteristics are summarized in Table 1.

Treatment Outcomes
Chemotherapy was administered to all patients, 75 (53.6%) of
whom had an IPI score of 3–5. ProMACE-CytaBOM (n = 52),
CHOP (n = 73), and SMILE (n = 15) regimens were
administered to the patients. Response evaluation was
performed after three or four cycles of chemotherapy. CR was
found in 81 patients (57.9%), and PR, PD or SD were observed in
Frontiers in Oncology | www.frontiersin.org 3
59 patients (42.1%). Among the 55 patients with EBV-positive
PTCL who achieved CR with the first treatment, 29 relapsed
(52.7%). In comparison, among the 26 patients with CR in EBV-
negative group, 11 relapsed (42.3%). Salvage chemotherapy
resulted in CR in 14 patients with EBV-positive PTCL who
failed to achieve CR in the first chemotherapy (28.0%) and in
three patients with EBV-negative PTCL (33.3%).

In the subgroup analysis, significant differences were observed
in the CR rates between patients with positive or negative PCR
results (hazard ratio [HR] = 0.65, 95% confidence interval [CI]:
0.44 – 0.97, p = .04). Among patients with negative PCR results,
those who were ISH-positive for EBV also relapsed more
frequently compared to patients with negative ISH results (HR =
2.17, 95% CI: 1.03 – 4.56, p = .035) (Supplementary Figure 1).

After a median follow-up of 33 months (ranging from 0.5 –
123 months), the survival rates of patients with AITL or PTCL-
NOS were 52.9% and 46.6%, respectively, with no statistically
significant difference between these groups (p = 1.0) (Figure 1A).
The 3-year PFS was significantly lower (p = .02) in the patients
with EBV-positive PTCL (29.1%, n = 105) compared to their
EBV-negative counterparts (57.1%, n = 35). Patients in the EBV-
positive group were less likely to survive compared to those in the
EBV-negative group (43.3% and 68.6%, respectively, p =
.01) (Figure 1B).

The univariate analysis identified factors associated with
increased mortality, which included advanced age (>60 years),
high serum b-microglobulin, high and high-intermediate IPI,
and the prognostic index for T-cell lymphoma scores as well as
EBV positivity. In the multivariate analysis, patients with EBV-
positive PTCL were more likely to die (HR = 2.07, 95% CI: 1.19 –
3.65, p = .011) as were those with high and high-intermediate IPI
scores (HR = 1.71, 95% CI: 1.11 – 2.66, p = .016).

Distribution and Survival of EBV-Positive
AITL and PTCL-NOS
In the AITL group, 41 patients (60.3%) were both PCR- and ISH-
positive, 15 (22.1%) were only ISH-positive, 4 (5.9%) were only
PCR-positive, and 8 (11.8%) were negative for both (Figure 2A).
In the PTCL-NOS group, 24 patients (33.3%) were both PCR-
and ISH-positive, 12 (16.7%) were only ISH-positive, 9 (12.5%)
were only PCR-positive, and 27 (37.5%) were negative for
both (Figure 2B).

Among patients with both PCR and ISH positivity, the 2-year
survival rates were 46.3% and 41.3% for those with AITL and
PTCL-NOS, respectively. These percentages were 87.5% and
66.6% in the PCR- and ISH-negative group, 73.3% and 58.3%
in the ISH-only positive group, and 50.0% and 33.3% in the PCR-
only positive group (Figure 2C and Supplementary Figure 2A).

Subgroup Survival Analysis Among
Patients With EBV-Positive and EBV-
Negative PTCL With or Without
Treatment by HSCT
In the EBV-positive group, the 3-year OS rate was 67.0% for the
28 patients treated with autologous HSCT, 62.3% for the 11
treated with allogeneic HSCT, and 30.2% for the 66 treated with
January 2022 | Volume 11 | Article 797028
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chemotherapy only (p <.02). However, no statistically significant
differences were observed in the OS of the EBV-negative
group (Figure 3).
DISCUSSION

Although there have been several studies on the prognosis of
EBV-positive T-cell lymphomas (14), there are few studies that
compare the prognosis patients with AITL or PTCL-NOS. EBV
infection is rarer in the West than in Asia, and the proportion of
T- and NK-cell lymphomas is higher in East Asia than in other
regions (15, 16). Because differences in racial and regional genetic
factors could influence the immune response to EBV (17),
evaluating the prognostic impact of EBV infection is essential
in Korea.
Frontiers in Oncology | www.frontiersin.org 4
Our study was based on the similarity in survival outcomes
between patients with AITL or PTCL-NOS. Warnke et al.
described the challenges of distinguishing AITL from PTCL-
NOS due to their morphological and genetic similarities.
Furthermore, their study demonstrated that patients with
PTCL-NOS who had a genetic signature similar to AITL were
prone to poor outcomes (18).

We hypothesized that EBV status could comparably impact
AITL and PTCL-NOS. EBV infection is generally evaluated by
two methods, and EBV-ISH is currently used to differentiate
lymphoma subtypes and gives clues to distinguish AITL from
PTCL-NOS (19, 20). Detection of EBV by PCR is used for
prognosis prediction (21) and the early detection (22) of
various type of cancers. Therefore, we tried to assess this in
our cohort.

In our study, we observed a poor prognosis of patients with
EBV-positive PTCL detected by ISH or PCR. These two
TABLE 1 | Characteristics of patients with PTCL-NOS or AITL.

Characteristic EBV-negative (n = 35) EBV-positive (n = 105) p-value

Age .465
Median (years) 55 (27–77) 55 (18-83)
Age ≤ 60, n (%) 26 (74.3) 69 (65.7)
Age > 60, n (%) 9 (25.7) 36 (34.3)

Sex .999
Female, n (%) 16 (45.7) 46 (43.8)
Male, n (%) 19 (54.3) 59 (56.2)

Histological subtype .001
AITL, n (%) 8 (22.9) 60 (57.1)
PTCL-NOS, n (%) 27 (77.1) 45 (45.9)

Poor performance status .347
ECOG 0 – 1, n (%) 21 (60) 74 (70.5)
ECOG > 1, n (%) 14 (40) 31 (29.5)

Extranodal involvement ≥ 2 .238
n (%) 12/35 (34.3) 50/105 (47.6)

Bone marrow involvement .764
n (%) 15/35 (42.9) 40/105 (38.1)

Ann Arbor stage .999
I – II, n (%) 8 (22.9) 25 (23.8)
III – IV, n (%) 27 (77.1) 80 (76.2)

High serum LDH .919
n (%) 22/35 (62.9) 69/105 (65.7)

High serum b-microglobulin .494
n (%) 15/35 (50.0) 43/105 (59.7)

CD4 positive .565
n (%) 25/35 (71.4) 82/105 (78.1)

CD8 positive .470
n (%) 14/35 (40.0) 33/105 (31.4)

CD30 positive .038
n (%) 9/30 (30.0) 41/75 (54.7)

Ki-67 ≥ 80 .245
n (%) 14/35 (40.0) 29/105 (27.6)

IPI score .922
0 – 2 Low/low-intermediate, n (%) 17 (48.6) 48 (45.7)
3 – 5 High-intermediate/high, n (%) 18 (51.4) 57 (54.3)

PIT score .735
1 – 2 Low/low-intermediate, n (%) 25 (71.4) 80 (76.2)
3 – 4 High-intermediate/high, n (%) 10 (28.4) 25 (23.8)

mPIT score .437
1– 2 Low/intermediate, n (%) 27 (77.1) 89 (84.8)
3 High, n (%) 8 (22.9) 16 (15.2)
January 2022 | Volume 11 | Article
AITL, angioimmunoblastic T-cell lymphoma; ECOG, Eastern Cooperative Oncology Group; IPI, International Prognostic Index; LDH, lactate dehydrogenase; PIT, Prognostic Index for T-cell
lymphoma; mPIT, modified Prognostic Index for T-cell lymphoma; PTCL-NOS, peripheral T-cell lymphoma not otherwise specified.
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detection methods play different roles in predicting poor
outcomes. Blood PCR-positive cases showed resistance to the
first-line chemotherapy. In the PCR-negative group, patients
with ISH-positive PTCL had a higher recurrence rate
compared to their ISH-negative counterparts regardless of a
good response to chemotherapy; hence, they were all included
Frontiers in Oncology | www.frontiersin.org 5
in the EBV-positive group. EBV PCR positivity was associated
with chemotherapy resistance, which is consistent with
published (23). Although a few studies support this trend in
patients with PTCL-NOS or AITL, these studies only showed
that cases of EBV status detected by PCR and not ISH were
associated with poor survival outcomes. However, these studies
A B

FIGURE 1 | Overall survival by (A) tumor subtype and (B) EBV status.
A B

C

FIGURE 2 | EBV infection in patients with (A) AITL or (B) PTCL-NOS according to PCR and ISH. (C) Survival of patients with AITL or PTCL-NOS after 2 years
based on EBV PCR and ISH status.
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include cases other types of T-cell lymphoma regardless of
different survival outcomes associated with each subtypes,
which could obscure the influence of EBV infection (6, 7).

Even though EBV ISH positivity was associated with early
relapse in patients with B-cell lymphoma (24, 25) there is a lack
of data on TCL. Some studies shown that ISH-positive cases are
associated with higher susceptibility of relapse (26) but this has
been contradicted by other findings (27). This discordance arises
because EBV-ISH and EBV-PCR results should be interpreted
together. For example, in the cases of ISH-negative and PCR-
positive TCL, which are associated with a poor outcome, the
source of the EBV infection could have come from B cells and
may need additional treatment such as rituximab administration.

Due to the overlapping characteristics of PTCL-NOS and
AITL, similar treatment strategies consisting of autologous
HSCT following chemotherapy (28, 29) and salvage allogeneic
HSCT have been used in the clinic (30). Despite a few
prospective studies that have demonstrated its benefits (31),
the role of first-line autologous HSCT is not confirmed (32).
However, EBV-associated lymphoma may be amenable to first-
line autologous HSCT in TCL. EBV-induced lymphomas have
high proliferative signaling and cell death resistance (33). EBV
latency in tumor cells increases intracellular ROS activity and the
MDR gene expression by activating the STAT1 signaling
pathway and phosphorylated STAT1, promoting P-gp
expression. P-gp-induced drug efflux resulted in reduced
chemo sensitivity (34). Recently, front-line autologous HSCT
has been attempted for extranodal NK/T-cell lymphoma
(ENKTCL) and has proven useful (35).

As additional treatments, Epstein-Barr nuclear antigen and
EBV latent membrane protein-specific cytotoxic T-lymphocytes
(CTLs) might be beneficial. CTLs have been used to treat EBV-
positive Hodgkin, non-Hodgkin lymphoma and ENKTCL with
favorable outcomes (36–38). However, the efficacy of CTLs may
be limited in the tumor microenvironment, which impairs the
recognition of lymphoma cells by CTLs. For example, the
interaction between PD-1 and PD-L1 downregulates T-cell
function and leads to CTL exhaustion. As EBV infection
Frontiers in Oncology | www.frontiersin.org 6
systemically affects the immune system, EBV-positive PTCL-
NOS and AITL could be candidates for the use of immune
checkpoint inhibitors (39–41). Additional studies focusing on
different treatment modalities for EBV-positive PTCL-NOS and
AITL are warranted.

In observational studies, there is a potential for bias based on
the inclusion criteria. Since we excluded the cases where EBV-
related tests were omitted, the EBV distribution may be relatively
different from the previously published. This explains the
relatively higher EBV status on PTCL NOS in our cohort. We
did not perform first-line autologous HSCT as in prospective
studies (31). Clinicians recommend autologous HSCT to all
patients with susceptible as we described, and some cases were
not proceeded due to poor physical status or personal issues.
Therefore, interpretation of the effect of first-line autologous
HSCT and salvage allogeneic HSCT is limited.

In conclusion, testing for EBV status using both PCR and ISH
in patients with AITL or PTCL-NOS may be useful, and HSCT
may help improve survival rates in of infected patients. A large-
scale study of the effect of EBV infection on the pathological
mechanisms of PTCL-NOS and AITL is needed, and prospective
randomized clinical trials are required to determine the standard
treatments for EBV-associated AITL and PTCL-NOS.
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