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Key Points

• Partially HLA-matched
third-party CMV-
specific T cells provide
long-term viral control in
HSCT patients with re-
sistant CMV infection.

• Viral control occurs in
the setting of recovery
of CD81 terminally dif-
ferentiated effector
T cells.

Donor-derived adoptive T-cell therapy is a safe and effective treatment of viral infection

posttransplant, but it is limited by donor serostatus and availability and by its personalized

nature. Off-the-shelf, third-party virus-specific T cells (VSTs) appear promising, but the

long-term safety and durability of responses have yet to be established. We conducted a

prospective study of 30 allogeneic hemopoietic stem cell transplant (HSCT) patients with

persistent or recurrent cytomegalovirus (CMV) (n5 28), Epstein-Barr virus (n 5 1), or

adenovirus (n 5 1) after standard therapy. Patients were treated with infusions of partially

HLA-matched, third-party, ex vivo–expanded VSTs (total 5 50 infusions) at a median of 75

days post-HSCT (range, 37 to 349 days). Safety, viral dynamics, and immune recovery were

monitored for 12 months. Infusions were safe and well tolerated. Acute graft versus host

disease occurred in 2 patients, despite a median HLA match between VSTs and the recipient

of 2 of 6 antigens. At 12 months, the cumulative incidence of overall response was 93%.

Virological control was durable in the majority of patients; the reintroduction of antiviral

therapy after the final infusion occurred in 5 patients. CMV-specific T-cell immunity rose

significantly and coincided with a rise in CD81 terminal effector cells. PD-1 expression was

elevated on CD81 lymphocytes before the administration of third-party T cells and remained

elevated at the time of viral control. Third-party VSTs show prolonged benefit, with

virological control achieved in association with the recovery of CD81 effector T cells possibly

facilitated by VST infusion. This trial was registered at www.clinicaltrials.gov as

#NCT02779439 and www.anzctr.org.au as #ACTRN12613000603718.

Introduction

Opportunistic infections are a significant cause of morbidity and mortality in patients who undergo
allogeneic stem cell transplantation.1,2 Routine monitoring of the herpes viruses, Epstein-Barr virus (EBV)
and cytomegalovirus (CMV), allows preemptive therapy that prevents progression to tissue disease.
However, this approach has significant drawbacks. Antiviral medications are expensive, may require
inpatient treatment, and are associated with significant toxicity. Furthermore, antivirals do not address the
underlying immune defect and, consequently, many patients require prolonged or repeated treatment.3,4

Submitted 19 August 2017; accepted 25 September 2017. DOI 10.1182/
bloodadvances.2017010223.

*B.W. and E.B. are joint first authors.

The full-text version of this article contains a data supplement.
© 2017 by The American Society of Hematology

14 NOVEMBER 2017 x VOLUME 1, NUMBER 24 2193

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/1/24/2193/879209/advances010223.pdf by guest on 09 M

ay 2024

http://www.clinicaltrials.gov
http://www.anzctr.org.au
https://crossmark.crossref.org/dialog/?doi=10.1182/bloodadvances.2017010223&domain=pdf&date_stamp=2017-11-02


Adoptive T-cell therapy with virus-specific T cells (VSTs) derived
from the hemopoietic stem cell transplant (HSCT) donor offers an
alternative approach. It appears safe and effective,5-11 but requires
the HSCT donor to be seropositive for the virus of interest. Even
when the donor is seropositive, a specific product must be made for
each transplant recipient. In contrast, third-party VSTs can be used
without full HLA matching, meaning that a single product can be
stored and used for .1 transplant recipient. A recent trial using
third-party cells from a cryopreserved bank demonstrated safety
and short-term efficacy, with a 74% cumulative overall viral
response rate at 6 weeks.12 Longer-term safety and efficacy was
not examined. We generated a bank of cryopreserved VSTs and
treated 30 patients with CMV, EBV, or adenovirus (ADV) infection
or reactivation. We monitored adverse events, viral dynamics, use of
antiviral therapy, and virus-specific immune recovery for 12 months
after infusion. The intention of our study was to validate the previous
short-term data on safety and viral control, and to assess longer-
term questions of safety and response durability.

Methods

Study design and patients

The study was conducted as a multicenter, prospective, single-arm,
phase I trial. Allogeneic HSCT patients with viral replication and/or
tissue infection with CMV, ADV, or EBV that had failed standard
therapy were eligible for recruitment. Standard therapy was defined
as: $14 days of full-treatment dose of ganciclovir or foscarnet for
CMV; therapy, which may include Cidofovir, for ADV; or immuno-
suppression reduction, rituximab, and/or cytotoxic chemotherapy
for EBV or EBV posttransplant lymphoproliferative disorder (PTLD).
Treatment failure was defined as persistent or recurrent CMV
viremia at any level; or ,50% reduction in ADV or EBV viral load or
size of EBV lymphoma. Patients were excluded in the event of active
acute graft versus host disease (GVHD), treatment with .1 mg/kg
per day of prednisone or equivalent, treatment with anti-lymphocyte
globulin, Eastern Cooperative Oncology Group performance status
score .3, or deranged hepatic or renal function (detailed inclusion
and exclusion criteria are provided in the supplemental Methods).
The study was approved by the institutional research ethics committee
at each site before recruitment. Written informed consent was
obtained from all participants in accordance with the Declaration of
Helsinki. This study was registered on the Australian and New Zealand
Clinical Trial Registry as #ACTRN12613000603718.

Third-party donors and T-cell generation

Venous blood or granulocyte colony-stimulating factor–primed
apheresis product from healthy stem cell donors was used as the
starting material for ex vivo T-cell expansion. Donors with common
HLA types and positive CMV or EBV serostatus were recruited from
Westmead Hospital and underwent standard assessment to confirm
eligibility for allogeneic donation. HLA typing was performed by
the Australian Red Cross Blood Service and was low resolution for
class I loci and resolved to 4 digits at the DRB1 locus. Thirty-one
donors were used to generate a bank of 46 monovalent (17 CMV,
14 EBV, and 15 ADV) VST products under good manufacturing
practice conditions at the Sydney Cellular Therapies Laboratory,
Westmead Hospital, as previously described.6,13 Donor monocyte-
derived dendritic cells (moDCs) were pulsed with overlapping
MACS GMP PepTivators (Miltenyi Biotec) peptide pools (15 mers
overlapping by 11 peptides) for HCMV pp65, AdV5 Hexon, or EBV

BZLF1/LMP2A/EBNA-1 proteins. Irradiated peptide-pulsed moDCs
were used as stimulators in coculture with the monocyte-depleted
fraction of granulocyte colony-stimulating factor–primed apheresis
products or venous blood mononuclear cells isolated by Ficoll-
Paque (GE Healthcare) gradient centrifugation. Cultures were
restimulated with peptide-pulsed moDCs after 7 days and were
continued for up to 21 days, with the addition of 20 U/mL
interleukin-2 every 2 to 3 days, increasing to 50 U/mL of interleukin-
2 from day 14 to 21. VST products were cryopreserved in multiple
doses. One multivalent (CMV, EBV, ADV, and varicella-zoster virus)
VST product was retained from a previous clinical study14 and was
administered to patient 1. Standard VST product release criteria
were applied (see supplemental Methods for criteria and VST
shipping information).

Treatment and VST matching

Participants were treated with a dose of 2.0 3 107/m2 partially
HLA-matched CMV-, EBV-, or ADV-specific T cells based on
postthaw viability. VST-recipient matching required a minimum of 1
of 6 HLA antigens (HLA-A, -B, and -DRB1) shared between VSTs
and the recipient. The VST-recipient matching algorithm incorpo-
rated the viral specificity of the product, the number of HLAmatches
with the recipient, the specific HLA antigen through which antiviral
activity was mediated and demonstrated antiviral activity through a
shared HLA antigen. VSTs were chosen based on the highest
number of HLA matches with antiviral activity through the shared
HLA antigen(s), with secondary preference given to products with
the highest proportions of virus-specific major histocompatibility
complex (MHC)–tetramer CD81 cells or interferon-g (IFN-g)
response. In the event of persistent viral replication detected $2
weeks after a previous infusion and continued fulfillment of eligibility
criteria, patients were treated with #3 additional infusions of VSTs
generated from the same or a different third-party donor. The VST
dose could be increased up to 5.03 107/m2 cells if the patient had
tolerated a previous VST dose at 2.03 107/m2 without VST toxicity.
Antiviral therapy was administered according to local physician and
institutional preference. A cycle of antiviral therapy was defined as
the commencement or recommencement of full-dose antiviral
therapy or a change to a new antiviral agent.

Outcomes and follow-up

Patients were monitored for 12 months from the final infusion of
VSTs for evidence of clinical and virological response, toxicity, and
immune cell recovery. Clinical review and peripheral blood sample
collection were performed at regular time points, with resetting of
the review cycle after each infusion. The primary end point of the
trial was safety of the VST infusion. All adverse events were graded
according to the National Cancer Institute’s common terminology
criteria for adverse events, version 4.03. Secondary end points
included the incidence of acute and chronic GVHD, viral
reactivation, infection and organ damage, virus-specific immune
reconstitution, and use of antiviral therapy. Virological response was
defined as: complete response (CR) if the virus became undetect-
able by quantitative polymerase chain reaction (PCR) at any point
post–VST infusion with resolution of any symptoms related to tissue
or organ infection; and partial response (PR) if there was $50%
reduction from the immediate preinfusion viral load. If the patient did
not fulfill criteria for CR or PR, they were defined as having no
response (NR). GVHD was graded according to standard criteria
for acute and chronic GVHD (supplemental Tables 1-3).
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Virological and immune monitoring

Viral load was measured by quantitative PCR at individual centers
(for details of the CMV assays used, see supplemental Table 4).
CMV drug resistance mutations were identified using PCR
sequencing of the UL97 and UL54 genes.

Postinfusion immune monitoring was performed on batched
peripheral blood mononuclear cells (PBMCs) to minimize interassay
variability. Flow cytometry was performed on VST products or
postinfusion PBMCs using monoclonal antibodies directed against
CD3, CD4, CD8, CD14, CD19, CD56, CD62L, CD45RA, and PD-1
(BD Biosciences, San Jose, CA). Viability was assessed using
7-amino-actinomycin D (BD Biosciences) or hydroxystilbamidine (Life
Technologies). PBMCs from otherwise healthy individuals undergoing
venesection for hemochromatosis were assessed to provide a range
for the percentage of PD-1 expression onCD81 T cells. CD31, CD41,
CD81, and T memory subset cell counts were calculated by
multiplication of the subset percentage and the lymphocyte count
measured on the day of sample collection. Viral antigen specificity and
HLA-restricted epitope recognition on VST products were assessed
using phycoerythrin-conjugated virus-specific iTAgMHCclass I human
tetramers (Beckman Coulter, Brea, CA) or by intracellular cytokine
flow cytometry after stimulation of VSTs with overlapping peptide
mix or with individual epitopes, as previously described.13 Flow
cytometry data were acquired on a FACSCanto II or LSRFortessa
(BD Biosciences) and analyzed with FlowJo software (version
10.0.8r1; Tree Star, Inc., Ashland, OR). CMV-specific T-cell
immune recovery was monitored by IFN-g enzyme-linked immuno-
spot (ELIspot) assay, as described previously.13

Statistical analysis

The cumulative incidence functionwas used to estimate the cumulative
overall (CR and PR) and CR response rate to VSTs at the end of
follow-up, with death considered a competing risk. The peak CMV
pp65-specific T-cell responses, as measured by IFN-g ELIspot assay
before and after VST infusion, were compared using the Wilcoxon
matched-pairs signed rank test to determine significance. A compar-
ison of the percentage expression of PD-1 on CD81 T cells between
healthy individuals and trial patients before VST infusion was
performed using a Mann-Whitney test to determine significance.
Linear regression and Pearson correlation were performed to
determine the significance of the relationship between the time to
CR and the timing of the first VST infusion post-HSCT. Statistical
analysis was performed using Prism 7 for Mac (GraphPad Software,
Inc., La Jolla, CA). Cumulative incidence data were generated using
the Analysis of Censored and Correlated Data software, version 8.4.8
(Boffin Software, Sydney, NSW, Australia).

Results

Participant Characteristics

Thirty-one patients were recruited at 7 centers across Australia and
New Zealand (see supplemental Appendix) between February 2013
and August 2016. One patient with CMV reactivation did not receive
treatment because no suitably HLA-matched product was available.
Of the remaining 30 patients, 28 patients were treated for CMV
reactivation, 1 for ADV reactivation, and 1 for EBV reactivation. The
participant characteristics are described in Table 1. Of the 22
adults and 8 pediatric patients, 27 patients were transplanted for
hematological malignancy and 3 pediatric patients were transplantedT
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for immune deficiency syndromes. The majority of transplants were
performed with in vivo T-cell depletion (22 of 30 patients). Two-thirds
of CMV-seropositive recipients were transplanted from CMV-
seronegative donors. Of the 28 patients with CMV reactivation, 3
patients had a history of previous CMV disease, and 3 patients had
current CMV disease (2 patients with CMV enteritis and 1 patient
with CMV pneumonitis). Patients were heavily pretreated for viral
infection having received a median of 31 days (range, 14 to 113 days)
of antiviral therapy before the initial VST infusion. Eighteen patients had

$2 cycles of treatment, and 12 patients had been exposed to $2
different classes of antiviral therapy before the first VST infusion.
Mutations conferring resistance to CMV drug therapy were found in 5
of 11 patients tested before first VST infusion and in 1 patient tested on
day 7 after administration of CMV-specific T cells. Mutations in CMV
UL54were more frequent (5 of 6 patients) than UL97 kinasemutations
(2 of 6 patients), as detailed in supplemental Table 5.

Characteristics of the VST products

Fifty VST infusions from 15 of 31 available donors were administered
during the trial. Products from 8 donors were used in multiple patients
(Table 2). The most frequently shared HLA types were A2 and A1,
followed by B8 and B7 and DRB1 01:01 and 03:01. VST products
were predominantly CD31 (median, 98%; range, 92%-99%). The
median percentage of CD31 cells that were CD3181 was 58%,
(range, 14%-84%) and CD3141 was 39% (range, 15%-85%); 9 of
15 products were predominantly CD3181. The CD3181 subset
consisted predominantly of CD45RA–CD62L– effector memory
T cells. Viral epitope-specific MHC class I tetramers were available
for 10 products. The median percentage of total cells that were
tetramer positive was 24% (range, 6%-47%).

Administration of VSTs and VST matching

The median day of first infusion was day 75 (range, 37 to 349 days)
post-HSCT. The details of VST treatment and characteristics are
described in Table 2. A single infusion was administered to 17
patients, 9 patients received 2 infusions, 2 patients received 3
infusions, and 2 patients received 4 infusions. Eight patients were
administered VST products from .1 donor. The median VST cell
dose was 2.03107cells/m2 with a range of 1.37 to 5.03107cells/m2

(6 patients received increased cell doses after an incomplete
response to a previous dose of 2.0 3 107cells/m2). The median
HLAmatch of product to recipient was 2 of 6 HLA antigens; 11 VST
infusions were based on a single antigen or allele match. Sixteen of
the 50 infusions were matched at either a class I or class II HLA
locus, whereas the remainder were matched at both.

Safety and toxicity of VSTs

There were no immediate infusion-related toxicities attributed to
VSTs. One patient was hospitalized within 24 hours of infusion due
to fever and was found to have central line–related bacteremia.

Patients were followed up for a median of 12 months. No adverse
event was attributed to VST infusion. The majority of adverse events
were related to infections. All serious adverse events (SAEs) are
detailed in Table 3. All non–VST-targeted infections are described
in supplemental Table 6. Noninfective SAE included posterior
reversible encephalomyelitis syndrome in 2 patients (both on
calcineurin inhibitors), Stevens-Johnson syndrome attributed to
ganciclovir (n 5 1), respiratory failure due to fluid overload (n 5 1),
and respiratory failure with relapsed malignancy (n 5 1). Other
adverse events included transient paraproteinemia in 2 patients,
1 case of self-limited asymptomatic thyrotoxicosis, 1 case of Bell’s
palsy, 1 case of drug-related skin eruption, 1 case of idiopathic
facial edema, and 1 case of steroid responsive thrombocytopenia

A total of 9 deaths occurred during follow-up (Table 2). Overall
unadjusted survival at 12 months post–first VST infusion was 69%,
with median survival not reached. One patient died of presumed CMV
disease and is discussed below. Three patients died of relapsed
malignancy, including 1 patient who was given EBV-specific T cells for

Table 3. Serious adverse events

Patient

Days post–first

VST infusion Event

1 108 Rhinovirus RTI

180 Escherichia coli UTI

5 354 Respiratory syncytial virus RTI

6 314 Streptococcus pneumoniae pneumonia/sepsis

7 251 RTI (no organism identified)

9 45 RTI (no organism identified)

54 Rhinovirus and Influenza A(H3) RTI*

54 Pseudomonas putida pneumonia/sepsis†

56 Enterococcus faecium pneumonia/sepsis†

11 8 Disseminated ADV infection† (urine, blood, stool,
GIT)

21 Grade IV gut GVHD with hemorrhage†

12 29 Stevens-Johnson syndrome (skin, ocular, oral, and
genital mucosa)

41 Posterior reversible encephalopathy syndrome

13 9 Disseminated Toxoplasma gondii† (cerebral, CSF,
blood, and BMAT)

14 50 Serratia marcescens bacteremia (line-related)

15 190 Presumed Pneumocystis jirovecii pneumonia†

16 19 Respiratory failure due to fluid overload

32 Posterior reversible encephalopathy syndrome

17 23 Human metapneumovirus RTI

31 Enterococcus faecium pneumonia/empyema†

18 1, 16 Pseudomonas aeruginosa RTI

16 Rhinovirus RTI

19 80 Rotavirus diarrhea

20 126 RLL pneumonia, no organism identified

23 291 Enterococcus faecalis and Enterobacter cloacae UTI

24 7 Respiratory syncytial virus RTI

24 Orbital cellulitis, no organism identified

52 Pseudomonas aeruginosa bacteremia

53 Cerebral EBV PTLD†

65 Respiratory failure, Candida sp., Corynebacterium
sp., CMV PCR1, EBV PCR1 (BAL)†

26 11 Febrile, no organism identified

BAL, bronchoalveolar lavage; BMAT, bone marrow aspirate and trephine; CSF, cerebral
spinal fluid; GIT, gastrointestinal; RLL, right lower lobe; RTI, respiratory tract infection; sp.,
species; UTI, urinary tract infection.
*Rhinovirus and Influenza A(H3) RTI was initially diagnosed on day 34 post–VST infusion.
†Contributed to death.
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EBV reactivation in the context of EBV-associated NK/T lymphoma.
Two patients died of nonviral infections. Patient 24 died of presumed
cerebral EBV PTLD 80 days post–CMV-specific VST infusion. He was
not eligible for EBV-specific VSTs on trial at the time of the PTLD
diagnosis due to poor performance status.

Acute de novo GVHD occurred in 2 patients within 2 weeks of VST
infusion. Patient 9 had steroid responsive grade II acute GVHD
(stage 3 skin, stage 1 gut) that resolved before death due to
infection 71 days after VST infusion. Patient 11 received a CMV-
specific VST infusion 62 days after an HLA-B antigen–mismatched

matched unrelated donor (MUD) transplant. He died 35 days
postinfusion from refractory grade IV acute GVHD (gut) and
disseminated ADV infection. He was not eligible for ADV-specific
VSTs on trial due to active GVHD. Chronic GVHD (mild, n 5 2;
moderate, n 5 1; and severe, n 5 2) occurred in 5 patients.

Virological response and clinical outcomes

At 12 months, the cumulative incidence of overall response was 93%,
and the cumulative incidence of CR was 76% (Figure 1). Virological
response and outcomes for all patients are provided in Table 2.
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Figure 1. Cumulative incidence of response at 12

months post–VST infusion. (A) The cumulative time to best

overall response (OR) (either CR or PR) for all patients.

(B) The cumulative time to CR for all patients.
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Figure 2. Outcome of CMV enterocolitis in patient 5 post–

CMV-specific VST infusion. (A) Viral load, lymphocyte count,

and colonic biopsy in patient 5, who was treated with a single VST

infusion. The patient had persistent symptomatic biopsy–proven

CMV enterocolitis after a month of antiviral therapy. Post–VST

infusion, the symptoms resolved, the patient developed an absolute

lymphocytosis, and viral load fluctuated between negative

and below the level of quantitation (,150 cp/mL). (B) CMV

pp65-specific T-cell response as measured by IFN-g ELIspot.

(C-D) Photomicrograph of colonic biopsy with CMV immunostain

pre–VST (C) and post–VST (D) infusion (original magnification

3200, Olympus microscope, model BX43). LLQ, lower limit of

quantitation.
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CRs. Twenty-three patients achieved a complete virological
response at a median of 59 days (range, 1 to 175 days) post–first
VST infusion. All 3 patients with active tissue infection achieved a CR
after a single infusion. Figure 2 illustrates the CR seen in patient 5, in
whom positive immunohistochemical stains for CMV colitis resolved
coincident with a rise in the absolute lymphocyte count and an increase
in CMV-specific T-cell response. The patient treated for ADV
reactivation (patient 29) had a CR to a single infusion of VSTs.

Of the 23 patients who achieved a CR, 14 patients remained virus
PCR-negative (n 5 5) or below the level of quantitation (n 5 9) for

the duration of follow-up. An additional 5 patients had brief
episodes of quantifiable reactivation, but were not administered
additional VST or antiviral therapy after CR.

PRs. Five patients achieved a PR. Patient 1 achieved PR but
had persistent CMV infection refractory to additional VSTs and
multiple antiviral agents and died of presumed CMV disease. Of the
4 other patients that achieved PR, 3 died of subsequent non-viral
infections and 1 from disease relapse.

NRs. Two patients did not meet criteria for a CR or PR. One
patient had persisting low-level CMV in the blood 152 days
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to the right show the duration and number of blocks of antiviral

therapy administered over the course of follow-up after the
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post–final VST infusion. The second patient was treated with EBV
VSTs for EBV reactivation, but died 2 weeks later with relapsed
EBV-associated NK/T lymphoma.

Use of antivirals before and after VST infusion is illustrated in
Figure 3. The median number of days since cessation of antiviral
therapy at last follow-up for all patients was 326 days (range, 0 to
412 days). Five patients recommenced antiviral therapy after the
final VST infusion. In 4 of these patients (patients 4, 11, 12, and 25),
this occurred in the context of high-dose steroids administered for
suspected or confirmed GVHD. Patient 1 received 44 days of
antiviral therapy after reinitiation and died of presumed CMV
disease. Figure 4 details the viral load after the final VST infusion for
all patients treated for CMV.

The presence of drug resistance mutations did not appear to affect
the virological response to VSTs with 4 of the 6 patients with UL54
or UL97 mutations achieving a CR and 5 of the 6 patients without
mutations achieving a CR.

Immune reconstitution

Of the 30 patients treated with VSTs, 18 patients were lymphopenic
preinfusion. Themedian lymphocyte count for all patientswas 0.83109/L
(range, 0.2 to 14.13109/L). Immunophenotyping performed in 26 of the
28 patients with CMV reactivation showed a rise in the CD31 count after
VST infusion. This was predominantly CD81 T cells (preinfusion median,
CD81 0.263 109/L, day 59 postinfusion median CD81, 0.913 109/L).

This rise coincided with the median time to CR (Figure 5A) and a shift
in the composition of CD81 T cells from effector memory
CD45RA–62L– T cells to terminally differentiated effector CD45RA1

62L– T cells (Figure 5B). In contrast, within the CD41 T-cell memory
subset, effector memory T cells were dominant throughout follow-up
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Figure 5. T-cell subset responses post–VST infusion. (A) Median cell number for CD31, CD41, and CD81 T cells for time points post–first VST infusion (3 109/L).
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(Figure 5C). The percentage of CD81 T cells expressing PD-1 before
VST infusion was significantly higher than healthy individuals at steady
state (preinfusion median, 28% [range, 5%-71%] of CD81 T cells;
healthy individuals’ median, 6% (range, 2%-10%] of CD81 T cells;
P 5 .005). Postinfusion PD-1 expression exhibited a downward trend
over the course of follow-up, but did not completely normalize (Figure 5D).
There was no correlation between the number of days post–stem cell
transplant and the time to complete virological response (Figure 6).

Functional CMV-specific immunity was measured by ELIspot in 23 of
the 28 patients treated for CMV. Preinfusion CMV pp65 T-cell
responses were almost undetectable with a median of 4 spot forming
cells (SFCs)/105 cells (range, 0-67 SFCs/105 cells). The median
peak CMV pp65-specific immunity occurred at a median of 44 days
(range, 0 to 309 days) after the first infusion and measured 49 SFCs/
105 cells (range, 3-921 SFCs/105 cells; P , .0001; Figure 7).

Discussion

Donor-derived VSTs have beneficial clinical effects when adminis-
tered prophylactically and therapeutically to allogeneic HSCT
recipients.5,6,8,9,11,15,16 Banked third-party, partially HLA-matched
VSTs have been explored as an alternative to minimize the
inconvenience and delay involved in generating specific donor-
derived products for each recipient. Several studies have
suggested that this approach leads to clinical benefit in the short
term,5,7,8,11,12 although long-term effects on viral control and overall
immune reconstitution have not been reported.

In this multicenter study of 30 patients, we used partially HLA-
matched third-party VSTs to treat viral infections that persisted or

recurred after an initial period of standard antiviral treatment. We
followed patients for a median of 12 months and studied viral
control and requirement for additional antiviral therapy as well as
parameters of immune reconstitution. As in other studies, we
observed no immediate infusion-related toxicities. Rates of GVHD
and SAEs during the 12 months of follow-up were within
expectations for the studied population. A lack of GVHD occurred
despite the fact that all infusions came from unrelated third-party
donors, 25 of the 50 infusions matched at 1 or 2 of 6 HLA antigens
or alleles, 8 patients received products from $2 different donors,
and infusions contained T-cell doses of up to 5.0 3 107/m2.

The overall virological response rate (CR and PR) for all patients at
12 months was 93%, and 76% of patients achieved a CR. One
patient who achieved a PR subsequently died of unconfirmed CMV
and thus could be considered a long-term NR. These high response
rates were achieved in a heavily pretreated population in which all
patients had standard antiviral therapy failure and drug resistance
mutations were frequently detected. Our findings corroborate those
of Leen et al12 who noted an almost identical CR rate in a similar
patient group. Complete virological responses were seen irrespec-
tive of drug mutation status, suggesting that mutations affecting the
action of traditional antivirals are not relevant when using cell
therapy to enhance immune reconstitution.

Late CMV disease post-HSCT is the result of defective CMV
immune function. The patients treated for CMV reactivation in our
study were at high risk for recurrent CMV reactivations and late
CMV disease.3,4,17,18 Despite this, we observed excellent control of
CMV over 12 months post–final T-cell infusion. Only 5 patients
reinitiated antiviral treatment, and in 4 patients, this occurred in the
context of steroid administration for presumed or proven GVHD.

The virological response coincided with a rise in the numbers of
CD31 cells, and specifically CD81 terminal effector memory cells, in
the blood and the time of peak CMV-specific T-cell immunity. CD81

T-cell reconstitution, in particular the CD81 terminal effector subset
(CD45RA162L– or CD45RA1CCR7–),19-21 is known to be impor-
tant in virological control post-HSCT.5,10 The recovery of CD81

T cells did not correlate with time posttransplant, suggesting that
VSTs were not acting purely as a bridge to coincidental hemopoietic
recovery. Rather, CD81 T-cell recovery was related to recent VST
administration irrespective of time after transplantation, implicating
VSTs in facilitating the recovery process, although confirmation of this
hypothesis requires additional study.

Before VST administration, the percentage of CD81 T cells
expressing PD-1 in the study population was high compared with
healthy individuals, and it remained elevated even at the time of viral
control. The significance of this finding is currently unclear. Chronic
antigenic stimulation (viral or alloreactive) may be responsible for
PD-1 upregulation and T-cell dysfunction. The fact that viral control
was observed without downregulation of PD-1 might imply that
immune checkpoint inhibitor therapy would be of limited value as an
adjunct to this form of cell therapy. Recent reports implicating PD-1
inhibitors in severe GVHD post-HSCT also suggest caution in
combining cell therapy and immune checkpoint inhibition after
allogeneic stem cell transplantation.22,23 More detailed assessment
of immunoinhibitory markers is warranted.

Our results validate previous reports of the safety and short-term
efficacy of third-party VST infusions. The novelty of our data lies in
the demonstration of long-term virus control in a group of heavily
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Figure 7. Peak CMV pp65-specific T-cell responses pre– and post–VST infusion.

Peak SFC count as measured by IFN-g ELIspot after the first VST infusion in 23 patients.

Bars and lower and upper whiskers represent the median, 25th, and 75th percentiles,

respectively. Significance was determined by the Wilcoxon matched-pairs signed rank test.
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pretreated patients, some with life-threatening tissue infections at the
time of cell administration. This efficacy is particularly notable given
the convenience and flexibility of third-party VST infusion using
products from cryopreserved cell banks to treat recipients of multiple
types of allogeneic HSCT. Over 95% of our patients were treated
within 3 days of request, mainly in the outpatient setting. The HLA
mismatching of third-party VSTs that can be tolerated means that
VST products derived from 15 donors were adequate to meet the
diverse HLA needs of our cohort. In many instances, the use of VSTs
provided an alternative to further prolonged antiviral therapy and
allowed the limitation of toxicity, especially the myelosuppression
present at study entry. Our results may have relevance for treating
multiple other viral and nonviral opportunistic pathogens occurring
after allogeneic transplant. The establishment of third-party virus-
specific cell banks could reduce the cost and complexity associated
with personalized donor-derived cell therapy while retaining its
efficacy and enhancing its practicality in routine transplantation.
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