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SUMMARY

The use of Epstein—Barr virus-specific cytotoxic T lymphocytes (EBV-
CTLs) in adoptive immunotherapy in hematopoietic stem cell transplanta-
tion (HSCT) patients with post-transplantation lymphoproliferative disor-
der (PTLD) has demonstrated safety and effectiveness. EBV-CTLs might
also be the effective treatment of refractory PTLD of solid organ transplan-
tation (SOT) recipients. Two independent assessors searched Pubmed,
Embase, Cochrane Library, and Web of Science from their inception to
November 2020. Eleven studies with 76 patients (42, 55% male) were
included. We extracted the data and completed the quality assessments.
Most of the studies were from Europe and the USA. Liver and kidney
transplantation accounted for most of the transplant types. Thirty-five
(46.1%) patients were diagnosed with monomorphic PTLD, and B lym-
phocyte type was the most common. All the patients received primary
treatment for PTLD while it was ineffective. CTLs included autologous
EBV-CTLs (15/76, 22%) and HLA-matched third-party EBV-CTLs (61/76,
78%). The response rate for EBV-CTL treatment of refractory PTLD was
66%. Of 50 patients, 36 achieved complete remission and 14 achieved par-
tial remission. EBV-DNA level decreased in 39 patients. Adverse reactions
were rare and mild. We conclude that adoptive therapy with EBV-specific
CTLs is safe, well-tolerated, and effective in PTLD.
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Introduction

including a broad spectrum of disorders ranging from
benign polyclonal to malignant monoclonal lymphoid

Transplant recipients are susceptible to infections in the
post-transplant period due to immunosuppressive
therapy, which causes variable complications. Post-
transplantation lymphoproliferative disorder (PTLD) is
a potentially serious and sometimes lethal disease,

© 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd
doi:10.1111/tri. 14107

proliferations. Epstein—Barr virus (EBV) infection is
widely assumed to be one of the key etiologies of PTLD.
This disorder can occur in solid organ transplantation
(SOT) and hematopoietic stem cell transplantation
(HSCT) recipients [1]. The incidence of PTLD in adults
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is reported to range from 0.8% to 2.5% in kidney trans-
plant recipients, 0.5% to 5.0% in pancreatic transplant
recipients, 1.0% to 5.5% in liver transplant recipients,
2.0% to 8.0% in heart transplant recipients, 3.0% to
10.0% in lung transplant recipients, and <20% in multi-
organ and intestinal transplant recipients [2]. The grad-
ual increase in the incidence of PTLD after SOT has
resulted in increased awareness and research.

Diagnosis and therapy have seen notable progress in
PTLD in recent years. Therapeutic approaches including
reduction of immunosuppression, rituximab, chemother-
apy, antivirals, adoptive therapy, surgery, and cytotoxic T
lymphocytes (CTLs) have had variable success. EBV-
specific CTLs are always used after illness exacerbation in
recipients due to limits of costs and technical difficulties.
Infusion of CTLs from HLA-matched donors or autolo-
gous lymphocytes to recipients can restore cellular
immunity after EBV infection and eradicate EBV-
infected cells with mild adverse effects or complications
such as graft-versus-host disease (GVHD).

There have been many studies demonstrating the
safety and effectiveness of treatment of PTLD after
HSCT with EBV-CTLs; nevertheless, studies of EBV-
CTLs for treatment of PTLD in SOT are rare. In this
systematic review, we discuss the use of EBV-CTLs for
treatment of refractory PTLD in SOT recipients.

Materials and methods

Search strategy

Our systematic review followed PRISMA guidelines [3].
Two of our authors (JY Liu and JM Zhang) searched
Pubmed, Embase, Web of Science, and Cochrane Library
for articles published from inception to November 15,
2020, with a restriction to English language. The search
strategy included the following keywords: “solid organ
transplant,” “solid organ transplantation,” “SOT,” “post-
transplant lymphoproliferative disease,” “posttransplant
lymphoproliferative disorder,” “PTLD,” “therapy,” and
“treatment.” We also reviewed citations in all included
articles, clinical practice guidelines, and review articles.

» «

Study selection criteria

Two authors (JY Liu and JM Zhang) assessed whether
studies met the criteria for inclusion. The same authors
scanned titles and abstracts to determine possible rele-
vance, and the final selection was based on the full text
of all potentially applicable articles. They also indepen-
dently extracted the data. Ambiguous articles were
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examined by a third reviewer (LY Sun). Disagreements
were resolved by discussion.

Inclusion and exclusion criteria

The inclusion criteria were as follows: participants of any
age who underwent SOT (lung, heart, kidney, liver, pan-
creas, or small bowel) with PTLD; and all available ran-
domized and nonrandomized studies, including case
reports and case series, using EBV-CTLs infusion for
treating EBV-positive PTLD. The exclusion criteria were
as follows: patients undergone HSCT only; patients with
AIDS; non-English language; studies that included EBV-
related disease other than PTLD; new updates presented
in international congress poster sessions; studies of symp-
toms or clinical findings only; and studies examining only
molecular or biochemical markers as outcomes. If multi-
ple studies reported the same data, we selected the one
with the largest sample size or most detailed information.

Assessment of study quality

Potentially eligible studies were subjected to full-text
review for methodological quality assessment using the
Newcastle-Ottawa Scale (NOS) [4] and Institute of
Health Economics-18 checklist (IHE) [5]. The IHE
checklist was used for case series and case reports, and
the NOS was used for cohort study. The NOS consisted
of eight items, appraising three categories including the
research selection, comparability, and outcome. A study
could be awarded a maximum of one star for each item
within the selection and outcome categories. A maxi-
mum of two stars could be given for comparability,
with a full score of nine stars. The IHE checklist con-
sisted of 18 items, appraising seven categories including
the research objectives, population, intervention, out-
come measurements, statistical analysis, results and con-
clusions, and competing interest and source of support.
For each item, a score of 1 was given for “yes” and 0
for “no” or “uncertain,” with a full score of 18, we
measured the score in percentage term. Two authors
scored independently and cross-checked the results.

Data extraction

The aim of this study was to review the results of clini-
cal studies carried out with EBV-CTLs for treatment of
EBV-positive PTLD. We used a standard data extraction
form to collect information from the studies included.
Any discrepancies in data extraction were resolved by
discussion. The following data was extracted: basic
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information (first author, publication year, and study
area); study design; baseline characteristics (number,
age, sex, donor type, PTLD pathological classification,
previous treatments for PTLD, and EBV-DNA before
adoptive therapy); treatment (type and dose of EBV-
CTLs); follow-up (adverse events and follow-up dura-
tion); and primary and secondary outcomes (complete
or partial response and EBV-DNA after adoptive ther-
apy). When included studies reported an outcome of
interest without sufficient details, we contacted the
authors for the data. The measurement data are pre-
sented as median (interquartile range). Numerical data
are expressed as the number of cases (percentage).

Results

Description of studies

This systematic review included 1250 potential study cita-
tions, and 39 additional citations were from other sources.
After removing duplicate articles, there were 730 left, and
692 studies were excluded after screening titles and
abstracts for EBV-CTL therapy of refractory PTLD.
Thirty-eight papers were retrieved in full text and 27 were
excluded: eight reviews; five nonhuman studies; five trials
evaluated the recipients of HSCT; four studies focused on
prophylaxis of PTLD rather than therapy; four trials used
different generation and characterization of cell lines; and
two trials had duplicate data (details outlined in Fig. 1).
Overall, 11 studies were identified and included in the
quantitative synthesis (n = 76), consisting of one cohort
study, three case reports, and seven case series.

Relevant studies are scarce, especially primarily about
SOT recipients. Although the heterogeneity of different
studies precludes their collection for a meta-analysis,
the studies identified in this review were mostly high-
quality case reports or case series, appraised by IHE
scale. The NOS scale was adopted to assess the quality
of the sole observational studies included in our review.
Tables 1-3 show the details of the quality assessment.

Table 4 shows a summary of the included articles, which
included 76 patients (42 male, 55%, and 34 female, 45%)
diagnosed with PTLD after SOT. One of the studies was
from Asia, and the rest were from Europe and the USA.
Patients in the studies included children and adults, and the
age ranged from 2.5 to 75.2 years. Most of the patients
received liver transplantation (n = 22) and kidney trans-
plantation (n = 27), followed by heart (n=8), lung
(n = 6), small bowel (n = 1), heart + liver (n = 1), small
bowel + liver (n = 8), liver + kidney (n = 1), and heart +
lung (n = 2).
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Histopathological characteristics of PTLD

Histopathological characteristics of PTLD are described
in Table 4. Based on WHO histological classification, 35
patients had monomorphic PTLD, 19 had polymorphic
PTLD, and 8 had Hodgkin’s lymphoma, while 6 had
PTLD of EBV-positive unspecified type [6-8], 7 had
hyperplastic PTLD [9], and 1 had plasmacytic hyper-
plasia PTLD [10]. PTLD with B cell type was the most
commonly reported (25/76, 32.9%).

Treatment for PTLD

Before EBV-CTL therapy, all patients were treated with
several conventional therapies, including reduction of
immunosuppression (RIS), rituximab, chemotherapy,
antivirals, radiotherapy,
interleukin-6 agents and showed poor efficacy.

The types of CTLs included autologous EBV-specific
CTLs (15/76, 22%) and HLA-matched third-party EBV-
specific CTLs (61/76, 78%). In all studies, EBV-CTLs were
generated in vitro and infused into recipients after a series
of treatments. The peripheral blood mononuclear cells
(PBMCs) obtained from EBV-seropositive third-party
blood donors or recipients were infected with purified EBV
to establish EBV-immortalized B lymphoblastoid cell lines
(BLCLs). The irradiated BLCLs served as antigen-presenting
cells to stimulate PBMCs to initiate CTL lines. CTLs were
further expanded and augmented. The CTLs were then
screened for infection and tested to ensure adequate cyto-
toxic function and antiviral specificity. In studies using
third-party CTLs, patients’ (recipients) HLA types and anti-
bodies were checked, and CTLs with best HLA match were
picked for use in vivo [11]. Unlike others, Kim et al. used
the EBV latent membrane protein (LMP)-1 and LMP-2a-
specific autologous CTLs (LMP1/2a CTLs), stimulated with
LMP1/2a RNA-transfected dendritic cells [12].

In all studies, EBV-CTL infusion doses were under
different criteria. In some trials, the dose based on
recipients’ weight ranged from 1 x 10" to 5 x 10”/kg
[6,9,13-16]. Others were made according to the body
surface area and ranged from 2 x 107 to 5 x 10”/m?
BSA [7,10,12]. Sherritt et al. infused 20 x 10° cells/dose
to the recipients,8 while Khanna et al. infused 35 x 10°
cells/dose and 60 x 10° cells/dose to their patients [17].
The frequency of doses fluctuated between 1 and 8.

surgery, and even anti-

Outcome and follow-up

Thirty-six participants achieved complete remission
(CR), 14 partial remission (PR), 19 stable disease (SD),
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Figure 1 Flow diagram of the study selection process. PTLD, post-transplantation lymphproliferative disease; SCT, stem-cell transplantation.

Table 1. Characteristics and quality evaluation of included studies.
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IHE score and assessment of included studies.

Table 2.
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Table 3. NOS score and assessment of included studies.

and 7 had progression of disease (POD) (Table 4). Over-
all, the response rate was 66% (50/76). Ten patients died
in the included studies: 2 presented with POD, 7 had SD
after EBV-CTLS therapy, and 1 collapsed at home after
achieving CR. EBV-DNA level decreased in 39 cases.

The most common adverse effects were digestive system
symptoms including nausea and vomiting. Other symp-
toms reported were fever, tachycardia, fatigue, and arthral-
gia. One lung transplant recipient had organ rejection and
moderate dyspnea. Prockop et al. reported one case with
grade I acute CTL-related GVHD of the skin, which was
resolved with topical therapy. All adverse effects were rare
and mild, illustrating the safety and viability of EBV-CTL
therapy. Follow-up periods ranged from 11 days to
14 years, and most were long enough for observation.

Discussion

PTLD has long been one of the leading causes of morbid-
ity and mortality among SOT recipients. The diagnostic
rate of PTLD is extremely low. Lymphadenopathy is often
absent, and symptoms are usually due to interference
with the function of involved organs.

Clinical features of PTLD are often nonspecific, while
extranodal involvement is common including gastroin-
testinal tract, lungs, skin, bone marrow, and central ner-
vous system. Due to the above reasons, PTLD has a
high misdiagnosis rate, which can delay clinical inter-
vention [18]. Currently, effective and pertinent treat-
ment is still lacking, although several options like RIS,
rituximab, chemotherapy, antivirals, surgery, and radio-
therapy are used clinically, although they have not been
shown to be particularly effective.

EBV-CTL therapy is not available for clinical applica-
tions yet; apart from that, there are few qualified insti-
tutes that could perform the adoptive therapy. Our
study is the first systematic review to focus on adoptive
therapy for PTLD in SOT patients. Though relevant
studies were scarce, we found that EBV-CTL therapy
was reliable and effective. The response rate among all
cases included was 66% (36 achieved CR and 14
achieved PR), which demonstrated the efficacy of EBV-
CTLs. More than the half cases showed decreasing EBV-
DNA level. Adverse effects were rare. GVHD is reported
to be one of the major risks of this therapeutic modality
[19,20]. However, we found only one case of GVHD
among all the cases included, proving that the therapy
was viable and safe in  SOT  recipients.

EBV-CTLs are always used after SOT recipient illness
exacerbation due to limits of costs and technical diffi-
culties. CTLs originated from HLA-matched donors or

Transplant International 2021; 34: 2483-2493
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Table 4. Continued.
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NA

CR

1 x 10°perkg 3 Moderate 9 months

NA

HLA-matched
third party

EBV-DNA
(sibling)

RIS, chemotherapy,

Polymorphic B-cell

1y Male Lung
PTLD

USA

Emanuel, D.J. Case

dyspnea,
acute

positive

radiotherapy

report

(1997)

pulmonary
rejection

CR: Complete remission; PR: Partial remission; SD: Stable disease; POD: Progression of disease; BLCL: B Lymphoblastoid cell lines; CTL: Cytotoxic T lymphocytes; GvHD:

Graft-versus-host disease; PTLD: Post-transplant lymphoproliferative disease; BSA: body surface area; NA: No available.

recipients. CTL lines were generated ex vivo and
acquired cytotoxic and antiviral specificity. CTLs
infused into recipients can robustly restore cellular
immune responses after EBV infection [19] and eradi-
cate EBV-infected cells with mild adverse effects or
complications like GVHD. Some studies have reported
the safety, efficacy, and viability of EBV-CTL treatment
for PTLD in HSCT patients [21-23].

Although the safety of EBV-CTLs in the treatment of
EBV-associated PTLD has been demonstrated, there are still
some adverse effects, including mild systemic nonspecific
symptoms and a case of Grade I cutaneous GVHD present-
ing with transient skin rash. It could have been related to
the HLA match. In previous adoptive cell immunotherapy
for HSCT patients, higher response rates have been seen in
patients treated with more closely HLA-matched EBV-
CTLs, with fewer adverse effects [9]. However, EBV-CTL
reinfusion in 33 HSCT and 13 SOT patients by Prockop
et al. in 2020 indicated that there was no significant associ-
ation between degree of HLA matching and subsequent
responses [13]. For SOT patients, self-derived EBV-CTLs
may be the safest treatment option. Our study showed
100% remission in patients using autologous EBV-CTLs,
but the remission rate of patients using EBV-CTLs from
HLA-matched third-party healthy donors fluctuated
between 48.4% and 100%. Autologous EBV-CTLs have
been shown equally effective in treating EBV-associated
lymphoma, but EBV viremia is difficult to clear [7,8,10,17].
Moreover, due to treatment with rituximab and other
chemotherapeutic drugs, autologous EBV-CTLs were diffi-
cult to generate, and the cell function was impaired. The
number of available cells was small, and it was difficult to
use them timely in treatment. To provide rapid and reliable
access, partially HLA-matched EBV-CTLs derived from
healthy donors were explored.

For EBV-positive transplant recipients, the oncogenic
impact of EBV is the key pathognomonic driver of
PTLD evolution, while pathogenesis of PTLD in EBV-
negative patients is unclear. Adoptive immunotherapy
can stimulate the immune system and induce a robust
immune response [18]. Infusion of autologous or HLA-
matched third-party EBV-CTLs into transplant recipi-
ents with PTLD could induce a vigorous EBV-specific
cellular immune response [19,24]. Apart from EBV-
CTLs, researchers have tried to infuse other classes of
immune cells into transplant recipients to treat PTLD.

Xiang et al. [25] applied aminobisphosphonate
pamidronate-expanded Vy9Vd2 T cells to kill EBV-
transformed autologous lymphoblastoid cells through
v6-T-cell receptor and NKG2D receptor triggering and
Fas and tumor necrosis factor-related apoptosis

Transplant International 2021; 34: 2483-2493
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inducing ligand (TRAIL) engagement. Nalesnik ef al.
[26] wused lymphokine-activated killer cells to treat
patients with PTLD and some achieved clinical remis-
sion. Chimeric antigen receptor T cells have been used
in laboratory studies or clinically [27], and notable effi-
cacy has been obtained. One emerging approach could
be found by using different types of immune cells for
adoptive therapy. It has been revealed that natural killer
(NK) cells might have a notable role in PTLD [28]. It is
plausible to infuse autologous or donor NK cells for
immunotherapy. In general, adoptive immunotherapy
has potential in PTLD, with various types of immune
cells used for infusion. Further research is needed.

Researchers have observed that EBV-DNA levels in
peripheral blood of transplant recipients with early-
stage PTLD are higher than in recipients without PTLD.
This higher viral load antedates clinical symptoms and
indicates more risk for PTLD evolution [29,30].

EBV nuclear antigen IgG positivity and low/absent
EBV viral load are recommended before retransplanta-
tion [31]. Patients with high level of EBV-DNA should
be intensively monitored. Although long-term prophy-
lactic antiviral therapy with serial estimation of EBV
viral load has been advised by some investigators
[32,33], a meta-analysis has provided evidence that data
are inadequate to support the routine use of antivirals
in high-risk EBV-naive SOT recipients to reduce the
incidence of PTLD [34]. In our findings, EBV-DNA
levels decreased in several studies after treatment. Corre-
sponding cases experienced CR or PR, indicating that
EBV-DNA levels have potential to guide treatment and
predict survival [6,8,12]. We suppose that EBV-DNA
levels could serve as a good marker to judge the effec-
tiveness of treatment of PTLD.

Currently, the standardization and optimal matrix for
EBV viral load measurement (whole blood versus plasma)
remain uncertain [35,36]. It is crucial to formulate an
array of rational criteria for EBV viral load measurement.

In the studies included in our review, EBV-CTL infu-
sion doses differed. The dose in every clinical trial was
determined by the clinician according to the patient’s
condition. It was obvious that there were no unified cri-
teria for the number of cells in adoptive therapy. This
may be due to the lack of reports on the use of this
therapy. Additional studies are required to explore the
standard treatment protocol.

Our review had several important strengths and limi-
tations. To our knowledge, it is the first review of adop-
tive therapy in SOT patients compared with other

EBV-CTLs for refractory EBV-PTLD in SOT recipients

studies that mostly focused on patients after HSCT.
When we started collecting material for this review, we
aimed at performing a meta-analysis to gain important
statistical validation of the success of anti-EBV adoptive
immunotherapy. We tried to increase the number of
studies retrieved through a combination of a variety of
databases and manual searches. Most of the reported
studies were case reports or case series, and only a
minority of them enrolled enough patients to generate
statistical conclusions. Because of the relatively low fre-
quency of PTLD, it was understandable that randomized
controlled trials or cohort studies were difficult to find.
In addition, the significant discrepancies among sched-
ules of administration, number of transferred cells, and
confounding factors, such as the inclusion of patients
undergoing radiotherapy and chemotherapy, precluded
the possibility of combining patients into homogeneous
groups for statistical analysis. Furthermore, the study did
not address the impact of EBV-CTLs on reducing EBV-
DNA to prevent PTLD. As such, although the evidence
of this study is not strong enough to prove the use of
adoptive immunotherapy to treat refractory PTLD after
SOT, based on our findings, EBV-CTLs are a useful sal-
vage treatment strategy and perhaps the last choice in
patients with large tumor burdens.
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