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Summary

Epstein-Barr virus (EBV) is associated with several malignancies, including
post-transplant lymphoproliferative disorder (PTLD). Conventional treat-
ments for PTLD are often successful, but risk organ rejection and cause sig-
EBV-specific cytotoxic T lymphocytes (CTLs)
generated in vitro from peripheral blood lymphocytes provide an alternative
treatment modality with few side effects, but autologous CTLs are difficult
to use in clinical practice. Here we report the establishment and operation
of a bank of EBV-specific CTLs derived from 25 blood donors with human
leucocyte antigen (HLA) types found at high frequency in European popu-
lations. Since licensure, there have been enquiries about 37 patients, who
shared a median of three class I and two class II HLA types with these
donors. Cells have been infused into ten patients with lymphoproliferative
disease, eight of whom achieved complete remission. Neither patient with
refractory disease was matched for HLA class II. Both cases of EBV-associ-
ated non-haematopoietic sarcoma receiving cells failed to achieve complete
remission. Thirteen patients died before any cells could be issued, empha-

nificant side effects.

sizing that the bank should be contacted before patients become pre-termi-
nal. Thus, this third party donor-derived EBV-specific CTL cell bank can
supply most patients with appropriately matched cells and most recipients
have good outcomes.

Keywords: cell therapy, Epstein-Barr virus, cytotoxicity, lymphoproliferative
disease.

Epstein-Barr virus (EBV) infects most humans, sometimes
causing infectious mononucleosis (Visser et al, 2014), but
always establishing a life-long latent infection in B lympho-
cytes. This state is usually considered to be asymptomatic,
but has been associated with both predisposition to autoim-
mune diseases (Almohmeed et al, 2013; Hanlon et al, 2014)
and several malignancies (Chen et al, 2012; Roschewski &
Wilson, 2012), including post-transplant lymphoproliferative
disorder (PTLD). Initial treatment for PTLD comprises
reduction of immunosuppression and rituximab (Messahel
et al, 2006), with or without chemotherapy (Heslop, 2009).
However, the condition continues to have a high mortality
from both refractory disease and complications of treatment.
In addition, as it often occurs in the context of otherwise
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successful transplants, it may cause donated organs to be
wasted.

Data from infected but healthy individuals show the
importance of cytotoxic T cell (CTL) responses in the con-
trol of latent EBV infection (Hislop et al, 2007). The risk of
PTLD correlates inversely with anti-EBV T cell activity in
patients, particularly in children who have not previously
encountered the virus (Abu-Elmagd et al, 2009). Cellular
therapy was first shown to be effective against PTLD in the
form of unmanipulated donor lymphocyte infusions after
bone marrow transplantation (Papadopoulos et al, 1994).
Autologous or donor-derived CTLs directed specifically
against EBV were subsequently developed and are a non-
toxic but still effective form of treatment (Heslop et al, 2010;
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Bollard et al, 2012). However, several factors have worked
against their widespread adoption as a therapeutic modality.
In particular, the low incidence of PTLD (1-5%) means that
the generation of prophylactic autologous CTLs in advance
for patients is not usually cost-effective, although the refine-
ment of risk factors may make prediction worthwhile (Uhlin
et al, 2014). The lengthy period, typically 2-3 months, neces-
sary for CTL culture makes their generation post-diagnosis
difficult in a clinically useful timeframe. Finally, the per-
ceived efficacy of chemotherapeutic regimens containing rit-
uximab has rendered autologous anti-EBV CTLs to be
considered unviable as a clinical product. Nevertheless, about
one-third of patients with a diagnosis of PTLD continue to
die either from PTLD itself or complications of treatment
(Burns et al, 2013; Caillard et al, 2013; Styczynski et al, 2013;
Uhlin et al, 2014).

Thus, several strategies are being employed to enhance the
effectiveness of CTLs (Bollard et al, 2014). In haematopoietic
stem cell transplantation (HSCT), donor lymphocytes
responding to EBV can be collected by apheresis, selected by
cytokine secretion and infused within days of diagnosis into
patients (Moosmann et al, 2010; Uhlin et al, 2012; Gerde-
mann et al, 2013). An alternative approach that we, and oth-
ers, have used is to pre-prepare a bank of EBV-specific CTLs
from third party donors. This approach was described in
2001 (Haque ef al, 2001) and developed over subsequent
years, (Haque et al, 2002; Wilkie et al, 2004), with a trial
reporting overall responses of 64% at 5 weeks and 52% (14
complete and three partial in 33 patients) at 6 months
(Haque et al, 2007, 2010). Other groups have reported the
use of third party donors with similar outcomes in PTLD
and we have summarized these data in Table I (Sun et al,
2002; Barker et al, 2010; Doubrovina et al, 2012; Leen et al,
2013). However, cell banks developed in the context of
research laboratories had to be abandoned for clinical use in
Europe after 2005, as they were not made in accordance with
Good Manufacturing Practice (GMP) and relevant European
Commission (EC) legislation, most recently Regulation No
1394/2007 ‘designed to ensure the free movement of
advanced therapy products within Europe, to facilitate access
to the EU market and to foster the competitiveness of Euro-
pean companies in the field, while guaranteeing the highest

Table I. Previous experience of third party derived CTLs in the
treatment of PTLD.

Operation of Anti-EBV CTL Bank

level of health protection for patients’. In response, the Well-
come Trust and Scottish National Blood Transfusion Service
(SNBTS) funded the set up of a GMP-compliant cell bank,
which was licenced by the Medicines and Healthcare prod-
ucts Regulatory Agency (MHRA) to start supplying CTLs in
February 2012. Here we report the operation and outcomes
of the bank after 2 years of operation.

Establishment of cell bank

Peripheral blood mononuclear cell (PBMC) donations were
kindly provided by donors located in New Zealand in order
to minimize the risk of Creutzfeldt-Jacob disease transmis-
sion. The New Zealand Blood Service provided access to a
human leucocyte antigen (HLA)-typed, pre-screened aphere-
sis donor panel. Each donor gave informed consent and was
required to test positive for antibodies against EBV viral cap-
sid antigen, preferably be blood group O and test negative
for antibodies to Hepatitis B virus (HBV), Hepatitis C virus
(HCV), human immunodeficiency virus (HIV), human T-
lymphotropic virus type I (HTLV1) and syphilis. In addition,
donors were selected to maximize the probability of HLA
class T and II matches and minimize the number of mis-
matches. This was performed by taking the HLA types of 304
patients from the East of Scotland renal transplant waiting
list and performing simulations using 200 donors from the
Auckland, New Zealand platelet apheresis donor panel. Anti-
gens shared between putative donor-recipient pairs were
scored as 2’ for two antigens shared at any one locus, ‘1’ for
one antigen shared and ‘0’ if no antigens were shared. At a
minimum low-resolution level mismatch (HLA-A, -B, DRB1
‘111’ or better), it was found that 15 well-selected donors
could cover 57% of the patient population. This rose to 85%
with 25 donors, but further increases in the size of the puta-
tive donor panel did not significantly increase the number of
matches. The panel size chosen was therefore 25 and donors
are listed in Table II. Due to the mismatch minimization
procedure used, HLA homozygotes are over-represented.
Approximately 25-50 x 10° mononuclear cells (MNCs)
were collected from each of 25 donors into 10 bags by apher-
esis, cryopreserved in 10% dimethyl sulfoxide (DMSO), then
shipped to the UK in vapour phase liquid nitrogen by an
accredited shipper with temperature logging throughout. On
receipt, cells were transferred to vapour storage. Culture con-
ditions have been described previously (Wilkie et al, 2004),
but briefly: an aliquot of MNCs was infected with purified
EBV, manufactured by a US Food and Drug Administration

Overall . - ;s

Partial Complete  response (FDA) registered facility at the Baylor Qollege (?f Medicine
" response  response rate (%) (Houston, TX, USA), and lymphoblastoid cell lines (LCLs)
established over 4-8 weeks. LCLs express the type IIT latency
Sun et al (2002) 20 2 100 pattern proteins associated with PTLD and are also efficient
Haque et al (2007, 2010) 33 3 14 2 antigen-presenting cells, expressing both HLA class I and II

Doubrovina et al (2012) 19 0 13 68 . . . .
as well as several co-stimulatory ligands. LCLs were irradiated
Leen et al (2013) 9 4 2 67 d d f . imulati ived ali ¢
Totals & 7 31 (47%) 60 and used for énflgen stllrnu ation on a revived aliquot o
MNCs at an initial ratio of 40:1 MNC:LCL. Subsequent
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Table II. HLA types of unrelated donors.

HLA Class I HLA Class II

CTL ID A* B* DRBI1* DQBI1* Issues
NZ020 23:01 68:01 15:01 18:01 03:03 07:01 11:01 15:01 03:01 06:02

NZ026 29:02 29:02 44:03 51:07 14:02 16:01 07:01 11:01 02:02 03:01

NZ111 02:01 02:01 13:02 27:05 02:02 06:02 01:01 15:01 05:01 06:02

NZ153 01:01 02:01 08:01 15:01 03:04 07:01 03:01 13:01 02:01 06:03

NZz177 02:01 02:01 51:01 57:01 02:02 06:02 13:01 15:01 06:02 06:03

NZ200 01:01 31:01 08:01 40:01 03:04 07:01 03:01 04:04 02:01 03:02

NZ209 01:01 02:01 08:01 44:02 05:01 07:01 03:01 11:03 02:01 03:01 2
NZ294 02:01 03:01 14:02 44:03 08:02 16:01 07:01 13:02 02:02 06:09

NZ298 01:01 29:02 07:02 44:03 07:02 16:01 07:01 07:01 02:01 02:01

NZ327 02:01 02:01 44:02 44:02 05:01 05:01 11:01 12:01 03:01 03:01

NZ332 02:01 24:02 40:01 44:02 03:04 07:04 11:01 13:02 03:01 06:04

NzZ417 32:01 68:01 44:02 44:02 05:01 07:04 13:01 14:01 05:03 06:03

NZ449 02:01 02:01 07:02 44:02 05:01 07:02 04:01 15:01 03:02 06:02

NZ578 01:01 03:01 08:01 57:01 06:02 07:01 03:01 07:01 02:01 03:03

NZ610 03:01 68:02 14:02 51:01 08:02 15:02 01:01 13:03 03:01 05:01

NZ612 01:01 02:01 18:01 35:02 04:01 07:01 11:04 11:04 03:01 06:03

NZ666 01:01 24:02 08:01 15:18 03:03 07:01 03:01 11:06 02:01 03:01

NZ675 26:01 26:01 49:01 51:01 07:01 16:02 01:01 13:02 05:04 06:04

NZ771 11:01 26:01 27:05 35:01 02:02 04:01 04:01 11:01 03:01 03:01

NZ806 01:01 01:01 08:01 08:01 07:01 07:01 03:01 03:01 02:01 02:01 2
NZ823 02:01 32:01 15:01 15:01 03:03 03:03 03:01 15:01 02:01 06:02

NZ873 01:01 03:01 07:02 08:01 07:01 07:02 03:01 15:01 02:01 06:02 5
NZ898 02:01 32:01 14:01 44:02 05:01 08:02 04:01 07:01 02:02 03:02

NZ932 02:01 26:08 40:02 51:01 02:02 15:02 01:01 11:01 03:01 05:01 1
NZ988 02:01 03:01 44:02 44:02 07:04 08:02 04:01 04:01 03:01 03:02 1

HLA, human leucocyte antigen; CTL ID, cytotoxic T lymphocytes identification code.

weekly stimulations used a 4:1 CTL:LCL ratio with 20 iu/ml
interleukin- 2 (IL2) added thrice weekly from 14 d. EBV-spe-
cific CTLs were expanded over approximately 2 months, then
cryopreserved in 10% DMSO frozen in Origen CryoStore
bags of 50 x 10° or 150 x 10° cells using a controlled rate
freezer, before placing in nitrogen vapour-phase storage at
<—150°C. Final product samples passed bacterial, myco-
plasma, viral and endotoxin testing as negative or not
detected. Bacterial testing was by SNBTS standard procedure
using the BacT/Alert 3D system (BioMérieux, Basingstoke,
UK). Mycoplasma 28-d cultural testing was according to test
requirements of PhEur-2008, by Mycoplasma Experience
(Reigate, UK). Viral nucleic acid amplification testing was of
HCV, HIV and HBV by SNBTS. Endotoxin levels were tested
using Biowhittaker LAL methodology (Cambrex Bio Science
Walkersville, Inc., Walkersville, MD, USA) by SNBTS. Sam-
ples were immunophenotyped for CD3, CD4, CD8, CDI19
and CD56 and were required to be <2% CD19". Cytotoxic
function and anti-viral specificity were tested using a flow cy-
tometric-based assay based on previously reported methods
(Derby et al, 2001). CTLs were incubated at 20:1, 10:1, 5:1
and 2-5:1 effector:target ratios, in 96 round-welled plates, in
RPMI medium supplemented with 20% fetal bovine serum
(FBS), for 4 h with PKH67-stained targets. Target cells, at

10%/well, comprised autologous LCLs, EBV-uninfected phyto-
haemoagglutinin (PHA)-stimulated lymphoblasts, HLA-mis-
matched LCLs and K562 (a natural killer cell target). After a
further 20-min incubation with 7-aminoactinomycin D
(7AAD) to stain non-viable cells, samples were run through
a flow cytometer. The percentage of double positive stained
cells in test wells minus the respective target-only wells, gave
an indication of killing after incubation. CTLs were required
to demonstrate functionality, by having autologous LCL kill-
ing >10%, and specificity, by <10% or lower killing of the
other target cells. The documentation in each batch record
was reviewed by the quality department prior to authoriza-
tion for release.

The MHRA certified compliance with GMP and awarded
a ‘Specials’ Licence, allowing the release of an Advanced
Therapy Medicinal Product (ATMP) in October 2011. A final
quality sign-off was performed in February 2012. At licensure
only three CTL lines were available for use; this number
gradually increased over the next 18 months to the full com-
plement of 25. After an enquiry is made to the bank, the
referring clinicians are requested to complete an Initial
Patient Enquiry form, which includes information on HLA
types and any anti-HLA antibodies. If a suitable HLA match
is found, a blood sample is requested to verify the HLA type,
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detect any anti-HLA antibodies and also check that no non-
specific cell killing is seen. A sample of proposed CTLs is
tested in a repeat cytotoxicity assay against autologous LCLs
to confirm cytotoxic function (positive control) and patient
phytohaemagglutinin (PHA)-stimulated blasts to check that
they are not killed. Cells are then shipped to a Human Tissue
Authority (HTA) licenced receiving centre, along with infor-
mation sheets and infusion instructions. CTLs are infused at
doses of 1-2 x 10%kg body weight as a course of four infu-
sions given at weekly intervals. All forms are downloadable
from our website (http://www.scotblood.co.uk/about-us/clini-
cal-services/cytotoxic-t-cell-therapy.aspx). Correspondence is
generally carried out from nss.ctlbbank@nhs.net. A non-profit
making, cost recovery charge of £12 500 is charged for the
supply of cells.

Operation of the cell bank

Enquiries before licensure. In the year before the certification
of compliance with GMP, eleven enquiries about CTLs were
received, which had to be declined as we had not yet
received a Manufacturer’s licence. Nine of the eleven patients
had confirmed EBV+ PTLD and six of these patients are
believed to have died. Of the three who survived, one patient
travelled to America for CTL therapy and two responded to
conventional therapies. The two other enquiries comprised a
presumptive diagnosis of chronic active EBV infection and a
girl with a congenital immunodeficiency with previous EBV-
associated lymphoproliferative disorder being prepared for an
unrelated donor peripheral progenitor cell transplant. The
former diagnosis was changed to angioimmunoblastic T cell

Enquiries 11—

2 —
CTLs issued 1 [—

0

Operation of Anti-EBV CTL Bank

lymphoma and secondary activation of EBV, with a fatal out-
come. We were asked to grow CTLs from a prospective
donor for the second, but the donation centre was unable to
supply PBMC. The transplant went ahead with prophylactic
rituximab used against the risk of PTLD, but the patient died
of thrombotic thrombocytopenic purpura and adenoviral
infection. Thus, overall, eight of the eleven enquiries pre-
licensure had a fatal outcome.

Enquiries resulting in issue of CTLs. In the 21 months since
licensure, and 3 months post manufacturing certification,
but pre-licensure, 37 enquiries were received. The frequency
of enquiries increased slightly during this time (Fig 1).
Twelve of these enquiries resulted in the issue of CTLs
(Table III). Nine of the twelve (Patients 1, 3, 4, 7, 8, 9, 10,
11, 12) were cases of PTLD. Of these, one was CD20- and
rituximab-resistant (Patient 1), one had concomitant graft-
versus-host disease (GVHD) precluding reduction of immu-
nosuppression (Patient 3), one was unfit for chemotherapy
because of recent necrotizing fasciitis and multi-organ failure
(Patient 4) and six cases had the CTLs used to consolidate
reduction of immunosuppression and chemotherapy. Four
patients had central nervous system (CNS) disease, where rit-
uximab penetration is known to be poor. Of these nine,
seven went into complete remission, while two (Patients 3,
9) had progressive disease and died within weeks of the infu-
sions. Neither of these two had an HLA class II match (see
below), although both had three HLA class I matches. Both
also had relatively rapidly progressive disease at the time of
infusions. In a further two cases (Patients 2, 5), the CTLs
were planned to be used as a bridge to allogeneic HSCT for

*1

Fig 1. Timeline of bank summarizing enquiries ~ Recovered

and outcomes. Months before licensure are after CTL 11—
shown as negative numbers on the horizontal infusion
axis, and months after as positive numbers.

Cases are indicated by stacked bars and are 2
ordered by time at which initial contact was Died =

made with the bank. *1 indicates a directed
donation from the father of the patient; the
cytotoxic T lymphocytes (CTLs) were infused
after licensure. *2 indicates that the issued
CTLs have not yet been infused. *3 indicates
that the patients had EBV-associated non-hae-
matopoietic sarcoma, the other recipients had
post-transplant proliferative disorder.
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Table III. Enquiries resulting in issue of cells.

Age Reason for HLA match/mismatch
Patient  (years) Sex immunosuppression Disease: site (HLA-A,B,C,.DR,DQ) Outcome
1 8 Female  Mismatched cord blood PTLD: nasopharynx, 1L,1,L,1,1 Complete response
transplant for aplastic lung, liver, CNS 0,0,0,0,0
anaemia
2 1 Female  Congenital immune PTLD: CNS, lung, 2,2,2,1,2 Complete response
deficiency kidney, liver, 0,0,0,1,0
pre-cord blood lymph node
transplant
3 14 Male VUD PBSCT for chronic PTLD: lymph node 2,0,1,0,0 Progressive disease, died
granulomatous disease 0,1,1,1,0
4 53 Male Renal transplant PTLD: CNS 1,1,1,1,1 Complete response
0,0,0,0,0
5 1 Female Di George syndrome with High EBV titres 1,0,0,1,1 Not yet transplanted,
GVHD from maternal pre-transplant 1,2,2,1,1 CTLs not yet infused
cell graft
6 5 Male Cardiac transplant Leiomyosarcoma: Paternal donor Partial response, fatal
lung infection
7 55 Female VUD PBSCT for CML PTLD: CNS 1,1,1,1,1 Complete response
1,1,0,1,1
8 24 Female  Cardiac transplant PTLD: lymph node 1,1,1,1,1 Complete response
1,1,0,1,1
9 4 Male VUD PBSCT for congenital ~ PTLD: pulmonary, 1,0,2,0,0 Progressive disease — died
immune deficiency liver 1,2,0,2,2
10 1 Female Hepatic transplant PTLD: stomach, 1,1,1,1,1 Complete response
duodenum 1,1,1,1,1
11 13 Female  Cardiac, renal transplants PTLD: lymph node. 2,1,1,2,2 Complete response for
EBV+ spindle cell: 0,1,1,0,0 PTLD, but spindle cell
CNS tumour progressed.
12 56 Male VUD PBSCT for PTLD: lymph node 1,0,1,1,1 Complete response
aplastic anaemia 0,2,1,1,1

Match/mismatch data are given at antigen level.

PTLD, post-transplant proliferative disorder; CNS, central nervous system; VUD, volunteer unrelated donor; PBSCT, peripheral blood stem cell

transplant; GVHD, graft-versus-host disease; CML, chronic myeloid leukaemia; EBV, Epstein-Barr virus; HLA, human leucocyte antigen; CTLs,

cytotoxic T lymphocytes.

EBV+ lymphoproliferation associated with congenital immu-
nosuppression, although only one of these has been infused
at the time of writing.

Cytotoxic T lymphocytes were also infused into two cases
of EBV-associated non-haematopoietic sarcomas. One
(Patient 6) had chemotherapy-resistant EBV-associated leio-
myosarcoma post-cardiac transplant and the CTLs were
derived from the father of the patient. In the computerized
tomography scan taken 6 weeks after the last infusion, sev-
eral of the lesions had decreased in size and there were no
new lesions, which was felt to represent a partial response.
However, the patient died of an infection shortly thereafter,
not thought to be related directly to the CTL infusions. The
other (Patient 11) had a CNS spindle cell tumour. The case
was originally discussed with the bank and it was decided
not to infuse cells in view of the lack of an evidence base for
the use of CTLs in this condition. The patient subsequently
developed typical PTLD. CTLs were infused with the PTLD

responding well, but the spindle cell tumour progressed and
the patient died.

Enquiries terminated by deaths of patients. Thirteen patients
died before any cells could be issued. It took an average of
6 d (range 2-11) between completion of the Initial Patient
Request Form and death. In ten cases, the patients died
before cells could be shipped. In three cases, the patient or
their families decided during the selection process that pallia-
tive care was preferable to active treatment and matched
CTLs were not shipped.

Engquiries resulting in a clinical decision not to issue CTLs. In
11 patients, the treating clinicians decided not to pursue
CTL therapy after the initial enquiry. Six did not have PTLD.
In three of these six cases it was decided there was no malig-
nancy present: in one of these cases infectious mononucleosis
was diagnosed. In two cases, there was an EBV-driven malig-

406 © 2014 The Authors. British Journal of Haematology published by John Wiley & Sons Ltd.
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nant disorder (EBV+ diffuse large B cell lymphoma of the
elderly, haemophagocytic lymphohistiocytosis), but it was
decided by the referring clinicians not to proceed with infu-
sions. The other six cases of PTLD for whom infusions were
not pursued improved with conventional therapy after con-
tacting the cell bank.

HLA matching of patients with bank donors. After receipt of
the Initial Patient Enquiry form, the HLA types of CTLs and
patients at HLA-A, -B, -C, -DRB1 and -DQBI1 were reviewed.
The maximum number of shared antigens was therefore 10.
No locus was preferentially matched. Where a patient had an
antibody specific to a CTL antigen, this CTL was not consid-
ered further in the allocation process. Where possible, allelic
level matching between CTLs and patients was assessed to
optimize CTL activity. Blood samples were requested to
monitor patients after each of the four weekly infusions and
12 weeks afterward. No CTL-directed HLA-specific antibod-
ies have been detected post-infusion in any of the patients.

To date, 36 HLA matching requests have been processed
and 32 allocation reviews completed. The minimum number
of antigens shared for both HLA class I and class II com-
bined was 2/10 and the maximum 9/10 (Fig 2). For the CTLs
infused, the minimum number of antigens shared was 3/10
and the maximum 9/10. Figure 2 understates the degree of
matching somewhat, as information was only available at
class I loci for two of the pairs (neither patient received infu-
sions). There was a median of three class I matches and two
class II matches. The degree of matching for class II
improved with time as the numbers within the bank built
up, but this effect was not apparent for class I. Those that
were issued had a slightly higher degree of matching (3-0 vs.
2-8 class I and 1-9 vs. 1-8 class II).

Results of matching for CTLs infused are given as number
of HLA-A, B, C, DR and DQBI1 matches respectively
(Table III), so that, for example 1,0,2,1,0 indicates a single
matched allele/antigen at HLA-A and DR, two alleles/anti-
gens matched at HLA-C and none matched at HLA-B and
DQBI. For issue, we recommended at least one HLA class I

Operation of Anti-EBV CTL Bank

and one HLA class IT match, based on our previous findings
that response rates correlated with number of matches and
CD4 cell counts, although it was the final decision of the
treating clinicians whether to proceed to infusion. Only 4/36
matches failed these criteria and all failed on having no HLA
class II match. Two of these (2,0,1,0,0 and 1,0,2,0,0) were
issued. It seems plausible that this poor HLA class II match-
ing contributed to these two patients (Patients 3, 9) being
the only ones with PTLD to show no clinical response.

Side effects. For ten of the 11 recipients, no side effects were
reported. One case (Patient 3) suffered from possible GVHD.
Five hours after the first infusion of anti-EBV CTLs, two
areas of petechiae were noted on the front and back of trunk.
The following day, the rash spread to c. 50% of the body
area. Although dissimilar to previous skin GVHD and not bi-
opsied, the most likely diagnosis was felt to be GVHD. Treat-
ment with topical steroid and tacrolimus resolved the rash
within 24 h. Subsequent infusions were not associated with
rashes, although the patient died shortly thereafter of refrac-
tory PTLD.

Discussion

We describe the establishment and operation of a GMP-com-
third-party, EBV-specific CTL bank manufactured
under all relevant EC regulation. By careful choice of the

pliant,

HLA types of donors, a bank of only 25 donors was able to
supply cells to patients, with no request turned down solely
on the basis of poor HLA matching. In the first 2 years of its
operation, CTLs were issued to 12 patients and infused into
11. The outcomes of patients receiving cells for lymphopro-
liferative disease have been relatively good, with 8/10 achiev-
ing complete remission and only two dying of refractory
PTLD. However, neither patient receiving cells for EBV-asso-
ciated non-haematopoietic sarcoma responded well.

The main advantage of third party-derived cells compared
to autologous cells is relatively rapid availability after a diag-
nosis has been made. We set up the bank to issue cells

at five human leucocyte antigen (HLA) loci are
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20 15
15 F 12
Class | 9 Class I
¢ 10
K 6
g
B
a ,
g oo 2, § ), | A l ., 0
] 0 1 3 6 3 4
. . . ]
Fig 2. Human leucocyte antigen matching of £ 12—
donors with recipients. The number of matches % 10—
3
c
2
o
a

8
shown as histograms of the best matched pro- 6
spective recipient—donor pairs. Matches that 4l—
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within 14 d after initial contact. It is therefore disappointing
that 13 patients died within 11 d of contact. Most of the
patients about whom we were contacted were failing conven-
tional treatments at the time of request. Several potentially
avoidable delays were noted: in addition to the process of
cytotoxicity testing, it often took over a week to obtain
authorization for funding. In retrospect, it might have been
better if the bank had been contacted earlier in the courses
of these diseases. However, the median time to death was
16 d in a recent series of 40 patients with PTLD, with
around half of patients dying of their disease (Uhlin et al,
2014).

The favourable outcomes of the patients receiving cells for
PTLD and the high proportion of patients dying pre-licen-
sure support the view that CTLs comprise an effective treat-
ment modality. Third party donor-derived CTLs might be
expected to be less efficacious than fully HLA-matched CTLs,
but the outcomes from this bank, as well as other centres
(Doubrovina et al, 2012), have reported broadly similar out-
comes to the use of autologous cells. However, the patients
who died almost certainly had an intrinsically worse progno-
sis than those who received cells. It is also notable that six
patients with PTLD did not proceed to receiving infusions,
yet their disease improved in response to conventional treat-
ments. Overall, it seems likely that CTLs contributed to the
good outcomes of recipients. Nevertheless, the series we
report is descriptive and does not represent a formal test of
efficacy.

Of the four patients who received cells but died, there are
two notable features. First, two had a non-haematopoietic
sarcoma-like histology. Much less is known about the expres-
sion pattern of EBV genes in these tumours, which is likely
to differ from PTLD. Furthermore, the specificities of CTLs
directed against the LCLs used as antigenic stimulation
include non-EBV encoded, lymphoid-specific antigens (Long
et al, 2009), probably lacking in sarcomas. In addition, these
sarcomas are able to down-regulate expression of major his-
tocompatibility complex molecules (Berghuis et al, 2009).
These theoretical difficulties are borne out by our poor
results and alternative approaches for these patients are
needed. The two patients with PTLD who were refractory to
CTL infusions were notable for the lack of any HLA class II
matches and relatively aggressive clinical presentations. We
previously reported poor results from CTLs with low propor-
tions of CD4 cells (Haque et al, 2007), so these cases support
the view that CD4 cells are important for anti-PTLD efficacy.
It is, however, unclear whether the effects of CD4 cells are
due to directly mediated cytotoxicity or cytokine-mediated
help provided to CD8 cells. Doubrovina et al (2012) also
reported that clinically aggressive disease responded less well
to CTL infusions.

If the efficacy of EBV-specific CTLs is accepted, the ques-
tion arises as to which patients should be chosen for their
use. At present, two classes of patients seem particularly
appropriate and the recipients of our cells exemplify these

indications. First, PTLD resistant to conventional chemother-
apy, often CNS disease or CD20- and, consequently, resistant
to rituximab. The second class is situations where immuno-
suppression cannot be withdrawn, either because it is constit-
utive or where its reduction threatens graft, infection or
GVHD.

Indeed, given the lack of side effects compared to conven-
tional chemotherapeutic agents (Cruz et al, 2010) and their
apparent efficacy, third party anti-EBV CTLs may also be
indicated in other situations. Although rituximab can be
effective for PTLD, the short-term response rate is only
about 60-80% (Messahel et al, 2006; Burns et al, 2013; Cail-
lard et al, 2013; Styczynski et al, 2013) and the longer-term
prognosis may be worse (Heslop et al, 2010). Use of CTLs
might therefore be considered at an earlier stage in the thera-
peutic pathway. EBV is increasingly recognized as causing
lymphomas in situations other than post-transplant, includ-
ing secondary to other causes of immunosuppression, such
as HIV, drugs, such as methotrexate, or non-immunosup-
pressed individuals (Dojcinov et al, 2011; Ok et al, 2013).
The efficacy of CTLs remains to be tested in these contexts.

This report adds to the evidence that anti-EBV CTLs have
few side effects. However, one case of likely skin GVHD was
observed in the 2 d after one of the infusions. While we can-
not be sure that the CTLs were the cause of the rash, it is
notable that mild, transient skin GVHD has been reported
from other centres (Prockop et al, 2012; Leen et al, 2013).
No cases affecting other sites have been reported, although
GVHD of similarly mild severity affecting other organs may
well not be observable. It remains possible that a more severe
case of GVHD might occur in the future.

Overall, we report that a third party anti-EBV CTL bank
can be operated in accordance with GMP under current EU
legislation. Outcomes from patients receiving CTLs have
been good, especially if both HLA class I and II loci were
matched. However, a high proportion of patients died in the
period after the bank was alerted, but before any cells could
be issued. In the future, this CTL bank should be useful for
a wider range of patients within Europe.

Acknowledgements

We would like to thank the following clinicians (UK, unless
stated otherwise): R Marcus, T Pagliuca, S Devereux, P Am-
rolia, R Chakraverty, K Cwynarski, M Sekhar, E MacMahon,
J Taylor, H de Lavallade, P Blombery, ] Lambert (London);
C Fox (Nottingham); D Marks, R Protheroe (Bristol); C Bu-
cher, J Passweg (Basel, Switzerland); ] Davies, F Scott (Edin-
burgh); Smedegaard-Andersen (Copenhagen, Denmark); R
Malladi, M Legarda, G Gupte, M Verlangi, ] Hartley (Bir-
mingham); A Punnett (Toronto, Canada); D Turkiewicz et al
(Lund, Sweden); O Ringden (Stockholm, Sweden); R Wynn
(Manchester); H Koene (Neiuwegein, Netherlands); E Conn-
eally (Dublin, Ireland); M Slatter, S Hambleton, Z Nademi,
A Lennard (Newcastle Upon Tyne); G Taylor, D Culligan

408 © 2014 The Authors. British Journal of Haematology published by John Wiley & Sons Ltd.

British Journal of Haematology, 2014, 167, 402-410



(Aberdeen); P Flanagan (Auckland, New Zealand); U Zeilho-
fer (Zurich, Switzerland); N Stute, H Jessop (Sheffield); P
Lahteenmaki, M Koskenvuo (Turku, Finland); K Hodgson
(Leicester); M Kanariou (Greece); A Glaser (Leeds); M
Drummond (Glasgow). Setting up of the bank was funded
by a Wellcome Trust Translational Award. The ongoing
operation is supported by cost-recovery fees and supported
by SNBTS.

Author contributions

MAYV, TH, DHC and MLT obtained funding for and superv-
ized the bank. GMW, NR and NR manufactured, ensured
GMP compliance and issued cells from the bank. DMT, VR

Operation of Anti-EBV CTL Bank

and PD supervized the HLA typing. PF supervized obtaining
PBMC from blood donors. JB and NF oversaw quality and
regulatory compliance. HN oversaw legal aspects. JC oversaw
some laboratory aspects. TH, MLT, GMW, NR and JC all
contributed to the final version of the paper. MAV wrote the
paper and takes primary responsibility for the paper.

Conflict of interest

The Scottish National Blood Transfusion Service holds a
Manufacturers ‘Specials’ Licence for the production of EBV-
specific CTLs and MAV, MLT, GWM, NR, NR, DMT, VR,
NF HN & JC are paid salaries by SNBTS. JB and PD were
paid a salary from SNBTS.

References

Abu-Elmagd, K.M., Mazariegos, G., Costa, G., Sol-
tys, K., Bond, G., Sindhi, R., Green, M., Jaffe,
R., Wu, T., Koritsky, D., Matarese, L., Schuster,
B., Martin, L., Dvorchik, I. & Nalesnik, M.A.
(2009) Lymphoproliferative disorders and de
novo malignancies in intestinal and multivisceral
recipients: improved outcomes with new out-
looks. Transplantation, 88, 926-934.

Almohmeed, Y.H., Avenell, A., Aucott, L. & Vick-
ers, M.A. (2013) Systematic review and meta-
analysis of the sero-epidemiological association
between Epstein Barr virus and multiple sclero-
sis. PLoS One, 8, e61110.

Barker, J.N., Doubrovina, E., Sauter, C., Jaroscak,
J.J., Perales, M.A., Doubrovina, M., Prockop,
S.E., Koehne, G. & O’Reilly, R.J. (2010) Success-
ful treatment of EBV-associated posttransplanta-
tion lymphoma after cord blood transplantation
using third party EBV-specific cytotoxic T lym-
phocytes. Blood, 116, 5045-5049.

Berghuis, D., de Hooge, A.S., Santos, S.J., Horst,
D., Wiertz, E.J., van Eggermond, M.C., van den
Elsen, P.J., Taminiau, A.H., Ottaviano, L.,
Schaefer, K.L., Dirksen, U., Hooijberg, E., Mul-
der, A., Melief, CJ., Egeler, RM., Schilham,
M.W., Jordanova, E.S., Hogendoorn, P.C. &
Lankester, A.C. (2009) Reduced human leuko-
cyte antigen expression in advanced-stage Ewing
sarcoma: implications for immune recognition.
The Journal of Pathology, 218, 222-231.

Bollard, C.M., Rooney, C.M. & Heslop, H.E.
(2012) T-cell therapy in the treatment of post-
transplant lymphoproliferative disease. Nature
Reviews Clinical Oncology, 9, 510-519.

Bollard, C.M., Gottschalk, S., Torrano, V., Diouf,
0., Ku, S., Hazrat, Y., Carrum, G., Ramos, C.,
Fayad, L., Shpall, EJ., Pro, B, Liu, H., Wu,
M.FE,, Lee, D., Sheehan, A.M., Zu, Y., Gee, A.P.,
Brenner, M.K., Heslop, H.E. & Rooney, C.M.
(2014) Sustained complete responses in patients
with lymphoma receiving autologous cytotoxic
T lymphocytes targeting Epstein-Barr Virus
latent membrane proteins. Journal of Clinical
Oncology, 32, 798-808.

Burns, D., Clesham, K., Haughton, J., Lannon, M.,
Hussein, H., Marsh, J., Lennard, A.L., Johnson,
RJ., Cwynarksi, K. & Chaganti, S. (2013) Out-
comes with rituximab monotherapy versus R-
CHOP in post-transplant lymphoproliferative
disease arising after solid organ transplant: a
multicentre UK Study. Blood, 122, 3043.

Caillard, S., Porcher, R., Provot, F., Dantal, J.,
Choquet, S., Durrbach, A., Morelon, E., Moal,
V., Janbon, B., Alamartine, E., Noble, C.P.,
Morel, D., Kamar, N., Buchler, M., Mamzer,
M.E., Peraldi, M.N., Hiesse, C., Renoult, E.,
Toupance, O., Rerolle, J.P., Delmas, S., Lang, P.,
Lebranchu, Y., Heng, A.E., Rebibou, J.M,
Mousson, C., Glotz, D., Rivalan, J., Thierry, A.,
Etienne, 1., Moal, M.C., Albano, L., Subra, J.F.,
Quali, N., Westeel, P.F., Delahousse, M., Genin,
R., Hurault de Ligny, B. & Moulin, B. (2013)
Post-transplantation lymphoproliferative disor-
der after kidney transplantation: report of a
nationwide French registry and the development
of a new prognostic score. Journal of Clinical
Oncology, 31, 1302-1309.

Chen, J.N,, He, D., Tang, F. & Shao, C.K. (2012)
Epstein Barr virus-associated gastric carcinoma:
a newly defined entity. Journal of Clinical Gas-
troenterology, 46, 262-271.

Cruz, C.R,, Hanley, P.J., Liu, H., Torrano, V., Lin,
Y.F., Arce, J.A,, Gottschalk, S., Savoldo, B.,
Dotti, G., Louis, C.U., Leen, A.M., Gee, A.P.,
Rooney, C.M., Brenner, M.K., Bollard, CM. &
Heslop, H.E. (2010) Adverse events following
infusion of T cells for adoptive immunotherapy:
a 10-year experience. Cytotherapy, 12, 743-749.

Derby, E., Reddy, V., Kopp, W., Nelson, E., Base-
lar, M., Sayers, T. & Malyguine, A. (2001)
Three-color flow cytometric assay for the study
of the mechanisms of cell-mediated cytotoxicity.
Immunology Letters, 78, 35-39.

Dojcinov, S.D., Venkataraman, G., Pittaluga, S.,
Wilodarska, I., Schrager, J.A., Raffeld, M., Hills,
RK. & Jaffe, E.S. (2011) Age-related EBV-associ-
ated lymphoproliferative disorders in the Wes-
tern population: a spectrum of reactive
lymphoid hyperplasia and lymphoma. Blood,
117, 4726-4735.

© 2014 The Authors. British Journal of Haematology published by John Wiley & Sons Ltd.
British Journal of Haematology, 2014, 167, 402-410

Doubrovina, E., Oflaz-Sozmen, B., Prockop, S.E.,
Kernan, N.A., Abramson, S., Teruya-Feldstein,
T., Hedvat, C., Chou, J.F., Heller, G., Barker,
J.N., Boulad, F., Castro-Malaspina, H., George,
D., Jakubowski, A., Koehne, G., Papadopoulos,
E.P., Scaradavou, A., Small, T.N., Khalaf, R,
Young, JW. & O’Reilly, RJ. (2012) Adoptive
immunotherapy with unselected or EBV-specific
T cells for biopsy-proven EBV+ lymphomas
after allogeneic hematopoietic cell transplanta-
tion. Blood, 119, 2644-2656.

Gerdemann, U., Katari, U.L., Papadopoulou, A.,
Keirnan, J.M., Craddock, J.A., Liu, H., Martinez,
C.A., Kennedy-Nasser, A., Leung, K.S., Gotts-
chalk, S.M., Krance, R.A., Brenner, M.K., Roo-
ney, C.M., Heslop, H.E. & Leen, A.M. (2013)
Safety and clinical efficacy of rapidly-generated
trivirus-directed T cells as treatment for adeno-
virus, EBV, and CMV infections after allogeneic
hematopoietic stem cell transplant. Molecular
Therapy, 21, 2113-2121.

Hanlon, P., Avenell, A., Aucott, L. & Vickers, M.A.
(2014) Systematic review and meta-analysis of
the sero-epidemiological association between
Epstein Barr virus and systemic lupus erythe-
matosus. Arthritis Research & Therapy, 16, R3.
doi:10.1186/ar4429

Haque, T., Taylor, C., Wilkie, G.M., Murad, P,
Amlot, P.L., Beath, S., McKiernan, P.J. & Craw-
ford, D.H. (2001) Complete regression of post-
transplant  lymphoproliferative  disease using
partially HLA-matched Epstein Barr virus-spe-
cific cytotoxic T cells. Transplantation, 72, 1399—
1402.

Haque, T., Wilkie, G.M., Taylor, C., Amlot, P.L.,
Murad, P., Iley, A., Dombagoda, D., Britton,
K.M., Swerdlow, A.J. & Crawford, D.H. (2002)
Treatment of Epstein-Barr-virus-positive post-
transplantation lymphoproliferative disease with
partly HLA-matched allogeneic cytotoxic T cells.
Lancet, 360, 436-442.

Haque, T., Wilkie, G.M., Jones, M.M., Higgins,
C.D., Urquhart, G., Wingate, P., Burns, D.,
McAulay, K., Turner, M., Bellamy, C., Amlot,
P.L., Kelly, D., MacGilchrist, A., Gandhi, M.K.,
Swerdlow, A.J. & Crawford, D.H. (2007) Alloge-

409



M. A. Vickers et al

neic cytotoxic T-cell therapy for EBV-positive
posttransplantation lymphoproliferative disease:
results of a phase 2 multicenter clinical trial.
Blood, 110, 1123-1131.

Haque, T., McAulay, KA., Kelly, D. & Crawford,
D.H. (2010) Allogeneic T-cell therapy for
Epstein-Barr virus-positive posttransplant lym-
phoproliferative disease: long-term follow-up.
Transplantation, 90, 93-94.

Heslop, H.E. (2009) How I treat EBV lymphopro-
liferation. Blood, 114, 4002—4008.

Heslop, H.E., Slobod, K.S., Pule, M.A., Hale, G.A.,
Rousseau, A., Smith, C.A., Bollard, C.M., Liu,
H., Wu, M.E, Rochester, R.J., Amrolia, P.J.,
Hurwitz, J.L., Brenner, M.K. & Rooney, C.M.
(2010) Longterm outcome of EBV-specific T-cell
infusions to prevent or treat EBV-related lym-
phoproliferative disease in transplant recipients.
Blood, 115, 925-935.

Hislop, A.D., Taylor, G.S., Sauce, D. & Rickinson,
A.B. (2007) Cellular responses to viral infection
in humans: lessons from Epstein-Barr virus.
Annual Review of Immunology, 25, 587-617.

Leen, A.M., Bollard, C.M., Mendizabal, A.M.,
Shpall, EJ., Szabolcs, P., Antin, J.H., Kapoor,
N., Pai, S.Y., Rowley, S.D., Kebriaei, P., Dey,
B.R., Grilley, B.J., Gee, A.P., Brenner, MK,
Rooney, C.M. & Heslop, H.E. (2013) Multicen-
ter study of banked third-party virus-specific T
cells to treat severe viral infections after hemato-
poietic stem cell transplantation. Blood, 121,
5113-5123.

Long, H.M., Zuo, J., Leese, A.M., Gudgeon, N.H.,
Jia, H., Taylor, G.S. & Rickinson, A.B. (2009)
CD4 + T-cell clones recognizing human lym-
phoma-associated antigens: generation by in vi-
tro stimulation with autologous Epstein-Barr
virus-transformed B cells. Blood, 114, 807-815.

Messahel, B., Taj, M.M., Hobson, R., Hadzic, N,
Ramsay, A., Hann, I. & Pinkerton, R. (2006)
Single agent efficacy of rituximab in childhood

immunosuppression related lymphoproliferative

410

disease: a United Kingdom Children’s Cancer
Study Group (UKCCSG) retrospective review.
Leukemia and Lymphoma, 47, 2584-2589.

Moosmann, A., Bigalke, 1., Tischer, J., Schirrmann,
L., Kasten, J., Tippmer, S., Leeping, M., Pre-
valsek, D., Jaeger, G., Ledderose, G., Mautner, J.,
Hammerschmidt, W., Schendel, D.J]. & Kolb,
H.-J. (2010) Effective and long-term control of
EBV PTLD after transfer of peptide-selected T
cells. Blood, 115, 2960-2970.

Ok, C.Y., Papathomas, T.G., Medeiros, LJ. &
Young, K.H. (2013) EBV-positive diffuse large B
cell lymphoma of the elderly. Blood, 122, 328—
340.

Papadopoulos, E.B., Ladanyi, M., Emanuel, D,
Mackinnon, S., Boulad, F., Carabasi, M.H., Cas-
tro-Malaspina, H., Childs, B.H., Gillio, A.P.,
Small, T.N., Young, J].W., Kernan, N.A. & O’Re-
illy, R.J. (1994) Infusions of donor leukocytes to
treat Epstein-Barr virus-associated lymphoprolif-
erative disorders after allogeneic bone marrow
transplantation. New England Journal of Medi-
cine, 330, 1185-1191.

Prockop, S.E., Doubrovina, E., Barker, J.N., Baro-
udy, K., Boulad, F., Khalaf, R., Kernan, N.A.,
Kobos, R., Papadopoulos, E.B., Scaradavou, A.,
Small, T.N., Wasilewski, G. & O’Reilly, RJ.
(2012) Third party donor derived EBV specific
T cells for the treatment of Refractory EBV-
related malignancies in immunodeficient recipi-
ents. Blood, 120, 577.

Roschewski, M. & Wilson, W.H. (2012) EBV-asso-
ciated lymphomas in adults. Best Practice &
Research Clinical Haematology, 25, 75—-89.

Styczynski, J., Gil, L., Tridello, G., Ljungman, P.,
Donnelly, J.P., van der Velden, W., Omar, H.,
Martino, R., Halkes, C., Faraci, M., Theunissen,
K., Kalwak, K., Hubacek, P., Sica, S., Nozzoli,
C., Fagioli, F., Matthes, S., Diaz, M.A., Mi-
gliavacca, M., Balduzzi, A., Tomaszewska, A.,
Camara, R.de.L., van Biezen, A., Hoek, J., laco-
belli, S., Einsele, H. & Cesaro, S.; Infectious Dis-

eases Working Party of the European Group for
Blood and Marrow Transplantation (2013)
Response to rituximab-based therapy and risk
factor analysis in Epstein Barr virus-related lym-
phoproliferative disorder after hematopoietic
stem cell transplant in children and adults: a
study from the Infectious Diseases Working
Party of the European Group for Blood and
Marrow Transplantation. Clinical Infectious Dis-
eases, 57, 794-802.

Sun, Q., Burton, R, Reddy, V. & Lucas, K.G.
(2002) Safety of allogeneic Epstein-Barr virus
(EBV)-specific cytotoxic T lymphocytes for
patients with refractory RBV-related lymphoma.
British Journal of Haematology, 118, 799-808.

Uhlin, M., Gertow, J., Uzunel, M., Okas, M.,
Berglund, S., Watz, E., Brune, M., Ljungman, P.,
Maeurer, M. & Mattsson, J. (2012) Rapid sal-
vage treatment with virus-specific T-cells for
therapy-resistant disease. Clinical Infectious Dis-
eases, 55, 1064—-1073.

Uhlin, M., Wikell, H., Sundin, M., Blennow, O.,
Maeurer, M., Ringden, O., Winiarski, J., Ljung-
man, P., Remberger, M. & Mattsson, J. (2014)
Risk factors for Epstein-Barr virus-related post-
transplant lymphoproliferative disease after allo-
geneic hematopoietic stem cell transplantation.
Haematologica, 99, 346-352.

Visser, E., Milne, D., Collacott, 1., McLernon, D.,
Counsell, C. & Vickers, M. (2014) Decreasing
Incidence and Winter Peak of Infectious Mono-
nucleosis in Northern Scotland. BMC Infectious
Diseases, 14, 151.

Wilkie, G.M., Taylor, C., Jones, M.M., Burns,
D.M., Turner, M., Kilpatrick, D., Amlot, P.L.,
Crawford, D.H. & Haque, T. (2004) Establish-
ment and characterization of a bank of cytotoxic
T lymphocytes for immunotherapy of Epstein-
Barr virus-associated diseases. Journal of Immu-
notherapy, 27, 309-316.

© 2014 The Authors. British Journal of Haematology published by John Wiley & Sons Ltd.
British Journal of Haematology, 2014, 167, 402-410



