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Abstract

Allogeneic hematopoietic stem cell transplant (HSCT) remains the
mainstay in treating many hematologic malignancies. T-cell-depleted
grafts designed to reduce graft-vs.-host disease (GVHD) may be com-
plicated by severe viral infections that increase morbidity and mortal-
ity. Despite the use of antiviral pharmacologic therapy, challenges in
controlling viral infections include drug resistance and/or side-effect
intolerability. Virus-specific T-cell (VST) therapy is a promising target-
ed therapy for treating severe or drug-refractory viral infections after
HSCT. An integrative review was conducted to inform advanced prac-
titioners of the adverse effects associated with VST. A total of 836
articles were identified using PubMed, Scopus, and CINAHL databases,
with 7 included in this review. Studies reviewed indicate that the ad-
verse effects associated with VST therapy are limited and generally
treatable. These studies reported low rates of adverse events of mild
to moderate severity, including acute, recurrent, chronic, and de novo
GVHD; cytokine release syndrome; infusion toxicity; and other adverse
events. No deaths were attributed to VSTs in these studies.

llogeneic hematopoi- ally in the United States (D’Souza &

etic stem cell transplant

(HSCT) has become the

standard of care in treat-
ing many hematologic malignancies
and other immunodeficiency disor-
ders, with over 1 million HSCTs per-
formed in the past 50 years (Grat-
wohl et al., 2015; Singh & McGuirk,
2016). According to the Center for
International Blood and Marrow
Transplant Research (CIBMTR),
the use of HSCT has been steadily
increasing, with over 8,000 alloge-
neic transplants performed annu-

Fretham, 2017). Hematopoietic stem
cell transplants are divided into two
categories: autologous, in which the
patient is treated with their own
stem cells, and allogeneic, in which
the patient receives stem cells from
another person, such as a sibling, par-
ent or child, or unrelated donor. The
most common indications for autolo-
gous HSCT in the United States are
multiple myeloma and lymphomas,
while acute leukemia and myelodys-
plastic syndrome account for 72% of
allogenic HSCTs performed in the
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United States. Allogeneic transplant recipients ex-
perience unique complications such as graft-vs.-
host disease (GVHD) or severe infection prompt-
ing intensive monitoring and treatment. There is a
growing need for methods to treat these complica-
tions; as such, this review will focus on allogeneic
HSCT recipients.

Despite the advances in HSCT since its incep-
tion, the procedure is not without risk. Of those
who die in the first 100 days after allogeneic HSCT,
27% will die from relapsed disease, 20% from in-
fection, and 16% from organ failure, followed by
8% from GVHD, 2% from hemorrhage, and 27%
from other causes (D’Souza & Fretham, 2017). In
patients who die after the first 100 days, 58% will
die from relapsed disease, while only 9% and 7%
will die from infection or organ failure, respec-
tively, highlighting the importance of primary dis-
ease management followed by the prevention and
management of infection and GVHD (D’Souza &
Fretham, 2017). While bacterial infections occur
more frequently, early and late viral infections also
complicate HSCT recovery. The five most common
viruses that present after HSCT include cytomega-
lovirus (CMYV), Epstein-Barr virus (EBV), BK virus
(BKV), adenovirus (AdV), and human herpesvirus
6 (HHV-6; Gratwohl et al., 2015). The standard of
care for managing viruses after HSCT includes
balancing antiviral pharmacotherapy with a reduc-
tion in immunosuppressive therapy (Ljungman et
al., 2008; O’Reilly, Koehne, Hasan, Doubrovina, &
Prockop, 2015; Styczynski et al., 2016; Tomblyn et
al., 2009). Many antiviral pharmacotherapy options
are renal toxic, may be ineffective, generate resis-
tance, or are unable to confer long-term protection
(Houghtelin & Bollard, 2017; Tomblyn et al., 2009).

A lack of VST immunity after HSCT allows
for reactivation of viral infections such as CMV
or EBV (Sellar & Peggs, 2012). Current antiviral
treatments available to treat opportunistic infec-
tions are often inadequate to cure or control viral
infections due to toxicity or the development of
drug resistance, predisposing the HSCT recipient
to a recurrence of viral infections (Sutrave, Blyth,
& Gottlieb, 2017). Antiviral pharmacotherapy also
does not confer long-term immunologic memory
to a specific virus, so the recipient is at risk for re-
currence of viral infection after the cessation of
drug therapy (Sutrave et al., 2017).

Virus-specific T-cell (VST) therapy, which has
been under exploration for the past 2 decades, is
a targeted therapy used to treat severe or drug-
refractory viral infections after HSCT. T cells are
obtained from viral-experienced allogeneic do-
nors for common viruses, such as CMV, and in-
fused into the HSCT recipient to reconstitute anti-
viral immunity, allowing the patient to clear a viral
infection (Houghtelin & Bollard, 2017). Investiga-
tors have improved the isolation and expansion
of antigen-specific T cells, which has greatly im-
proved the efficacy of VST therapy, with complete
overall response rates ranging from 60% to 100%
across multiple viral targets (Sutrave et al., 2017).
This development paves the way for the use of
multivalent VSTs that target multiple pathogens
with a single infusion, as well as off-the-shelf hu-
man leukocyte antigen (HLA)-matched VSTs,
which are available for immediate use after recog-
nition of a viral infection. Currently, VST therapy
is administered as an intravenous infusion in the
inpatient setting within the context of a clinical
trial. These VSTs may be single-valent, designed
to target one specific virus, or multivalent, such
as the broad-spectrum T cell explored by Papado-
poulou and colleagues (2014) targeting AdV, EBV,
CMYV, BKV, and HHV-6 in one single infusion. The
purpose of this review is to inform the advanced
practitioner of the scope and severity of the side
effects associated with VST therapy in allogeneic
HSCT recipients in anticipation of the expanded
use of this therapy in the future.

METHODS

Eligibility Criteria

This review included international publications of
phase I and II clinical research trials in patients
who developed viral infections after allogeneic
HSCT, refractory to standard antiviral therapy
and/or a reduction in immunosuppressive thera-
py who were subsequently treated with VSTs. To
be included, studies had to include adult patients
who had undergone allogeneic HSCT for hemato-
logic malignancies and developed a viral infection
refractory to standard of care. Study outcomes in-
cluded rates of acute, chronic, recurrent, and de
novo GVHD; cytokine release syndrome (CRS); in-
fusion toxicity; and other adverse events. Articles
published prior to 2012 were excluded, and results
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were limited to the English language. Publications
other than clinical trials were excluded. Studies
that evaluated the use of VST therapy in only pe-
diatric patients or nonmalignant conditions were
excluded. Research studies related to the engi-
neering of VSTs and their efficacy are beyond the
scope of this review and were not included.

Search Strategy
The authors conducted an extensive search of
PubMed, Scopus, and CINAHL using the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (Moher, Liberati,
Tetzlaff, & Altman, 2009). Studies were eligible
for inclusion if they were published from Janu-
ary 2012 to December 2017. The databases were
searched on December 14, 2017, using the Medical
Subject Heading (MeSH) terms “BK virus,” “ade-
novirus,” “adenoviridae infections,” “herpesvirus,”
“herpesviridae,” “cytomegalovirus,” “Epstein-
Barr,” “viral infection*)” “T-lymphocytes,” “im-
munotherapy,” “T cell*,” “hematopoietic stem cell
transplantation,” and “hematopoietic stem cell.” A
research librarian assisted in the literature search.
In total, 844 records were identified (Figure 1).
After duplicates were removed, 836 publications
were available for review. Articles were initially
screened by title and then by abstract, with 56 arti-
cles remaining for full-text review. A secondary re-
view of references for relevancy was included, and
no additional studies were identified. Of the remain-
ing 56 articles, a total of 49 articles were excluded
for the following reasons: studies were not related
to hematopoietic stem cell transplant, did not report
on adverse effects, focused on antiviral medication
management, emphasized T-cell engineering, were
implemented in solid organ transplant or primary
immunodeficiency disorders, were limited to the pe-
diatric population, or were unrelated to cancer diag-
noses. Seven articles met both the inclusion and ex-
clusion criteria for analysis in this review (Table 1).

RESULTS

The articles examined in this review addressed
several outcomes, from which four themes were
identified for the purpose of this review. A syn-
thesis of the outcomes is organized by side effects:
GVHD, CRS, infusion toxicity, and other adverse
events (Table 2).

Graft-vs.-Host Disease

Graft-vs.-host disease occurs when donor cells be-
gin to recognize host cells as foreign and attack,
resulting in mild to severe symptoms. Graft-vs.-
host disease is roughly divided into two categories,
acute or chronic, based partially on the type and
onset of symptoms. The risk of developing GVHD
is based on patient and donor risk factors such as
HLA matching, gender, age, and prophylactic im-
munosuppressive regimen (Finke et al., 2012).

All of the studies included in this review eval-
uated rates of GVHD after VST therapy and dis-
cussed the likelihood of attribution. The results
were divided into four categories: acute, chronic,
recurrent, and de novo GVHD (Table 2). Graft-
vs.-host disease is a potentially fatal complica-
tion after the introduction of donor immune cells
through allogeneic HSCT, but it also may occur as
a result of VST therapy.

Acute GVHD

A phase I/II multicenter clinical trial examin-
ing the safety and efficacy of banked, multivalent
VSTs in patients with drug-refractory CMV, AdV,
or EBV infections after allogeneic HSCT was con-
ducted by Leen and colleagues (2013). In order to
receive VST therapy, patients had to have previ-
ously received standard-of-care treatment, in-
cluding a reduction in immunosuppressive ther-
apy and antiviral medication, without resolution
of viremia or clinical infection. Eight occurrences
of acute GVHD (aGVHD), defined as the develop-
ment of symptoms within 45 days according to
the Common Terminology Criteria for Adverse
Events (CTCAE; National Cancer Institute, 2006)
version 3.0 were reported (n = 50): six with grade
1, one with grade 2, and one with grade 3. Six of
those patients had a history of GVHD, which had
resolved with steroid therapy prior to receiving
VST therapy. Of note, Leen and colleagues (2013)
reported the standard taper of immunosuppres-
sive therapy was likely related to six out of eight of
the aGVHD flares.

Neuenhahn and colleagues (2017) prospec-
tively assessed the efficacy and safety of donor-
derived or third-party single-valent VSTs for the
treatment of persistent, drug-refractory CMV
infections in a phase I/II multicenter clinical
trial. The authors reported one episode of gastro-
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Figure 1. PRISMA flow diagram. Adapted from Moher, Liberati, Tetzlaff, and Altman (2009).
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Table 2. Reported Adverse Effects of Virus-Specific T-Cell Therapy
Cytokine

Author (year) Acute Chronic Recurrent De novo release Infusion Other adverse
and country GVHD GVHD GVHD GVHD syndrome toxicity events
Feucht - - - 2 grade | - - None
(2015) 4 grade
Germany =111
Koehne - - None - None; 2 None None
(2015) retinitis
United States (UR)
Leen 6 grade | - 1 skin 2 grade | - None 2 TA-TMA
(2013) 1grade Il skin (sirolimus)
United States 1 grade Il 1 graft failure

(UR)
Neuenhahn 1grade 1 (r/t reduction of = = = 1 fever 1 cystitis
(2017) -1 Gl immunosuppression) (UR)
Germany
Papadopoulou - - None 1 grade Il None None 2 TA-TMA
(2014) skin
United States
Qian = = 3 None = = None
(2017)
France
Tzannou - - Tgrade lll GI 2 grade | None 1 fever 1
(2017) 3 grade -1l skin (UR) hydronephrosis
United States skin
Note. GVHD = graft-vs.-host disease; - = not addressed in the study; none = addressed in study and no occurrences;

QJR = unrelated; TA-TMA = transplant-associated thrombotic microangiopathy; Gl = gastrointestinal; r/t = related to. Y,

intestinal (GI) aGVHD grade 2 to 3 (n = 17), but
clarified that the patient had received a natural
killer cell transfusion and an unselected donor
lymphocyte infusion—two additional confound-
ing variables—21 and 8 days before VST therapy,
respectively. The patient’s episode of GI aGVHD
resolved after steroid therapy.

Chronic GVHD

Neuenhahn and colleagues (2017) reported one
reactivation of chronic GVHD (cGVHD; n = 17).
The patient’s cGVHD was of the skin and liver,
with wasting syndrome that became worse after
an attempted reduction in immunosuppressive
therapy 50 days after VST administration. The
cGVHD resolved after reinitiating immunosup-
pressive medications, with the authors noting that
a causal relationship to VST therapy was unlikely
(Neuenhahn, et al., 2017).

Recurrent GVHD
A phase 1T single-site clinical trial evaluating the
feasibility, safety, and efficacy of banked, multivalent

VSTs to treat severe and drug-refractory infections
after HSCT was conducted by Tzannou and col-
leagues (2017). The multivalent VSTs were gener-
ated for off-the-shelf use and targeted AdV, CMV,
and EBYV, as well as two previously untargeted vi-
ruses, BKV and HHV-6. The authors reported one
episode of grade 3 GI recurrent GVHD (rGVHD)
per the CTCAE version 4.0 (n = 38; National Cancer
Institute, 2010), which was attributed to rapid cor-
ticosteroid taper. The patient’s rGVHD resolved af-
ter reinitiating steroid therapy. Additionally, three
episodes of grades 1 to 2 skin rGVHD occurred,
with prompt resolution after administration of top-
ical steroids (Tzannou et al., 2017).

In a phase I/II multicenter trial, Qian and col-
leagues (2017) examined the toxicity and response
of donor-derived or third-party haploidentical
AdV-specific VSTs after HSCT. Three episodes of
early onset rGVHD (n = 11), defined as reactivation
within the first month after AdV-VST, were report-
ed (Qian et al., 2017). One recipient received VSTs
derived from his previous mismatched unrelated
donor (MMUD; 9/10 alleles), and two received
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VSTs from a third-party haploidentical donor
(Qian et al., 2017). Due to the high risk of GVHD in
MMUD and haploidentical donor grafts, these pa-
tients received a combination immunosuppressive
regimen including either ciclosporin A plus myco-
phenolate mofetil or ciclosporin A plus methotrex-
ate. The authors noted the cause was multifacto-
rial, citing time of onset and dose of infused VSTs
to confound the interpretation. Due to the number
of possible causes, the authors concluded the use
of VST therapy was not clearly associated with the
patients’ rtGVHD (Qian et al., 2017).

Leen and colleagues (2013) reported a flare
of skin rGVHD in one patient (n = 50) with no
discussion of treatment, resolution, or impact on
VST outcome. Koehne and colleagues (2015) and
Papadopoulou and colleagues (2014), whose stud-
ies will be further discussed, included rGVHD
as an outcome; however, there were no reported
episodes. The initiation of immunosuppressive,
specifically steroid, therapy resulted in the reso-
lution of rGVHD according to Neuenhahn and
colleagues (2017), Tzannou and colleagues (2017),
and Qian and colleagues (2017). Of note, Tzannou
and colleagues (2017) and Neuenhahn and col-
leagues (2017) also reported rGVHD was unlikely
to be related to the use of VSTs in their studies.

De Novo GVHD
Feucht and colleagues (2015) reported on a phase
IT multicenter clinical trial analyzing the safety
and efficacy of donor-derived AdV-specific VSTs
utilized after HSCT. Participants were eligible for
the trial if they had failed treatment with standard
antiviral drugs over 14 days without GVHD great-
er than grade 3 (Feucht et al., 2015). If an onset or
aggravation of GVHD occurred within 8 weeks of
receiving VSTs, it was arbitrarily attributed to the
VSTs. The authors reported two patients (n = 30)
who developed de novo grade 1 GVHD within 2
weeks, and four patients who developed de novo
grades 2 to 3 GVHD at least 7 weeks after receipt of
VST therapy. All episodes of GVHD responded to
steroid therapy and the authors stated they could
find no difference in the incidence of GVHD be-
tween treatment responders and nonresponders
(Feucht et al., 2015).

Two episodes of de novo grade 1 skin GVHD
(n=50) werereported by Leen and colleagues (2013),

which were mild and well controlled with topical
steroids. The authors noted that the low incidence
of de novo GVHD could be attributed to the specific
lineage of T cells used, which showed no evidence of
destructive alloreactivity (Leen et al., 2013).

In a phase I, single-site clinical trial, Papado-
poulou and colleagues (2014) explored the safety
and efficacy of banked, broad-spectrum, multiva-
lent VSTs that recognized 12 immunogenic anti-
gens from five viruses: EBV, AdV, CMV, BKYV, and
HHV-6. The VSTs were derived from a curated
bank and used as prophylaxis or treatment. Prior
to use in patients, the banked VSTs were tested for
evidence of alloreactivity by measuring cytotoxic-
ity against recipient or haploidentical blood sam-
ples, and none were found. The authors reported
one episode of de novo grade 2 skin GVHD (n =11),
which improved with topical steroids.

Tzannou and colleagues (2017) reported two
episodes of de novo grade 1 skin GVHD (n = 38),
which resolved with topical steroids. Feucht and
colleagues (2015), Leen and colleagues (2013), Pa-
padopoulou and colleagues (2014), and Tzannou
and colleagues (2017) reported no cases of severe
(grade 3 or higher) de novo GVHD and that all
cases resolved with steroid therapy. Of note, Qian
and colleagues (2017) included de novo GVHD as
an outcome but reported no occurrences.

Cytokine Release Syndrome

Three studies addressed CRS, a complex hyper-
immune response syndrome that may occur after
receipt of donor T-cell therapy, such as that found
in CAR T-cell therapy, and ranges from mild con-
stitutional symptoms to severe, life-threatening
multiorgan dysfunction (Neelapu et al.,, 2018).
Koehne and colleagues (2015) published a phase
I, single-center clinical trial exploring the efficacy
and toxicity of escalating doses of CMV-specific
donor-derived VSTs after HSCT in patients with
drug-refractory viremia or clinical infection. The
authors speculated that the use of VST therapy
in invasive viral disease, such as interstitial CM'V
pneumonia, could trigger an inflammatory re-
sponse within the infected tissue, resulting in infil-
trative tissue damage, which may result in chronic
lung disease. This assumption was challenged
when Koehne and colleagues (2015) reported two
cases of CMV retinitis (n = 17) that cleared with-
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out any residual postinflammatory retinal dam-
age. Tzannou and colleagues (2017) included CRS
as a potential outcome; however, no occurrences
were noted. Papadopoulou and colleagues (2014)
reported no elevations in plasma cytokines after
VST therapy, implying no development of CRS.

Infusion Toxicity

Five studies evaluated infusion-related reactions,
or an exaggerated immune response resulting
from the introduction of a foreign substance as
seen with monoclonal antibodies. Infusion tox-
icity may result in mild constitutional symptoms
such as fever, rigors, and cough, or can progress
to life-threatening multiorgan damage or death
(Vogel, 2010). Neuenhahn and colleagues (2017)
reported one fever (n = 17), for which the patient
was admitted to the hospital and found to have
bacterial cystitis; therefore, the fever was not at-
tributed to VST therapy. Tzannou and colleagues
(2017) reported one patient with an isolated fe-
ver within 24 hours of infusion, but no other im-
mediate toxicities were observed in this patient
or any other patient (n = 38). Koehne and col-
leagues (2015), Leen and colleagues (2013), and
Papadopoulou and colleagues (2014) included
infusion toxicity as a potential outcome but re-
ported no episodes.

Other Adverse Events

Transplant-Associated Thrombotic Microangi-
opathy. Transplant-associated thrombotic micro-
angiopathy (TA-TMA) is a complex disorder
resulting from systemic vascular endothelial
injury affecting multiple organ systems and oc-
curring in up to 30% of patients undergoing
HSCT (Rosenthal, 2016). Transplant-associated
thrombotic microangiopathy is marked by a set
of diagnostic criteria that includes complement
activation, proteinuria, and hypertension, and
is associated with high mortality rates (Jodele
et al., 2016; Rosenthal, 2016). This complication
is primarily treated with supportive care, which
includes the elimination of toxic agents, such as
calcineurin inhibitors and sirolimus (two com-
monly used immunosuppressive medications),
as well as preservation of renal function and ad-
equate antimicrobial treatment (Ho et al., 2005;
Rosenthal, 2016).

Two studies reported on TA-TMA as a poten-
tial adverse effect of VST therapy. Papadopoulou
and colleagues (2014) reported two patients (n =
11) who developed TA-TMA at weeks 11 and 19,
respectively. The authors specified TA-TMA is a
known complication of allogeneic HSCT, and the
delayed toxicity was unrelated to the VST infu-
sions (Papadopoulou et al., 2014). Leen and col-
leagues (2013) also reported that TA-TMA is a
complication that occurs in allogeneic HSCT re-
cipients, particularly in those receiving sirolimus.
The authors reported two patients who developed
TA-TMA (n = 50), both of whom were receiving
sirolimus (Leen et al., 2013). The authors did not
discuss whether this outcome was directly related
to VST administration.

Genitourinary Complications. Tzannou and
colleagues (2017) reported one patient treated
for BKV-associated hemorrhagic cystitis devel-
oped transient hydronephrosis with a decrease in
renal function after VST treatment. The patient
was found to have a concomitant bacterial urinary
tract infection that resolved within 2 weeks, and
the complication was deemed unrelated to the
VST infusion (Tzannou et al., 2017). Neuenhahn
and colleagues (2017) reported one patient diag-
nosed with cystitis and that it was unlikely to be
caused by the VST therapy.

Graft Failure. Graft failure is a rare complica-
tion of allogeneic HSCT, most commonly attribut-
ed to disease recurrence, which may lead to failure
of treatment and death (Rondén et al., 2008). Leen
and colleagues (2013) reported one patient who
experienced secondary graft failure concomitant
with leukemic relapse. The banked, multivalent
VSTs were not attributed to graft failure in this pa-
tient. Additionally, Qian and colleagues (2017) ob-
served no toxicity against the hematopoietic stem
cell grafts after receipt of VST therapy.

DISCUSSION AND IMPLICATIONS

FOR PRACTICE

The clinical trials included in this review found
few mild-to-moderate adverse events (AEs) as-
sociated with VST therapy. Adverse events re-
ported in these studies included acute, chronic,
recurrent, and de novo GVHD; CRS; infusion tox-
icity; and other outcomes, including TA-TMA,
genitourinary complications, and graft failure.
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All of the described adverse events are incidents
that can occur among HSCT recipients due to
their donor graft. Generally, the AEs resolved
with standard treatment or were deemed unre-
lated to VST therapy, and no deaths were attrib-
uted to the use of VSTs.

Graft-vs.-host disease was a commonly iden-
tified outcome discussed in the research included
in this review (Table 2). Despite multiple studies
reporting cases of grades 1 to 3 GVHD, Feucht and
colleagues (2015), Koehne and colleagues (2015),
Leen and colleagues (2013), Qian and colleagues
(2017), and Tzannou and colleagues (2017) stated
that no clinically significant cases of GVHD re-
sulted from the use of VSTs in their studies. Addi-
tionally, Feucht and colleagues (2015) commented
on the difficulty of distinguishing if the develop-
ment of GVHD was in direct response to the use
of VSTs, as opposed to the receipt of HSCT alone.
Advanced practitioners should exercise caution
when considering patients for VST therapy due to
the indeterminate risk of GVHD. Despite GVHD
being a known adverse event that occurs in alloge-
neic HSCT recipients, there is limited knowledge
about the risk factors associated with the develop-
ment of GVHD after VST therapy.

No evidence of CRS was identified in this re-
view (Table 2). Cytokine release syndrome is a
known toxicity of some T-cell therapies that typi-
cally first manifests with constitutional symp-
toms, including fever, malaise, anorexia, and
myalgia (Neelapu et al., 2018). Cytokine release
syndrome can affect any body system, including
nervous, respiratory, cardiovascular, gastrointes-
tinal, hepatic, renal, hematologic, and integumen-
tary systems (Brudno & Kochenderfer, 2016; Lee
et al., 2014; Neelapu et al., 2018). Cytokine release
syndrome presentation ranges from vague con-
stitutional symptoms to a high-grade syndrome
associated with life-threatening multiorgan dys-
function (Neelapu et al., 2018). Quick interven-
tion and management with best supportive care
and anticytokine, specifically anti-interleukin 6,
pharmacotherapy is indicated to reduce morbid-
ity (Neelapu et al., 2018).

No evidence of infusion toxicity was iden-
tified in this review (Table 2). Infusion toxicity
may range from rash to life-threatening organ
dysfunction and can affect any body system, re-

sulting in symptoms such as chest pain, palpita-
tions, hypotension, tachycardia, headache, rash,
rigors, diaphoresis, nausea, vomiting, arthral-
gias, anxiety or sense of impending doom, cough,
dyspnea, nasal congestion, or rhinorrhea (Vogel,
2010). Despite the lack of CRS and infusion toxic-
ity documented in these studies, advanced practi-
tioners should maintain a high index of suspicion
for any signs of symptoms of hypersensitivity or
infusion-related reaction during the infusion of
foreign cellular products.

LIMITATIONS

Limitations in the review include the use of phase
I and II clinical trials and small sample sizes, both
of which prevent a generalization of results to
the HSCT patient population or practice change
recommendations. Other limitations of the seven
studies include a lack of blinding and comparison
groups. Additionally, the studies implemented a
wide variety of VST engineering and administra-
tion techniques. The rates of GVHD vary based
on the type of donor graft and amount of HLA
disparity (Jacobsohn & Vogelsang, 2007). Donor
graft type and HLA matching were not controlled
for in the studies included in this review and may
account for the variable rates of GVHD. Impor-
tantly, the attribution of GVHD to VST therapy
was either arbitrarily defined or went unmen-
tioned in the study designs, making the compari-
son of outcomes across studies challenging. Trial
designs varied significantly, from the number of
investigating institutions, to the use of single vi-
rus-, trivalent-, and pentavalent-specific VSTs,
and to the examination of outcomes at escalat-
ing cell doses of VST. Four trials examined single
VSTs, and three assessed multivalent VSTs (Table
1). Although these limitations hinder the ability to
make definitive generalizations, these initial trials
offer insight into future research to better under-
stand the safety of this novel therapy.

CONCLUSIONS

Viral infections remain a major complica-
tion after HSCT and are often difficult to con-
trol or eradicate with antiviral pharmaco-
therapy due to drug resistance and side-effect
toxicity (Tomblyn et al., 2009). The use of VST
therapy after HSCT demonstrates an immunother-

AdvancedPractitioner.com Vol 10 = No 2 = Mar 2019



apeutic approach to clear severe, drug-refractory
viral infections, with seemingly mild-to-moderate
adverse effects. This integrative review has sought
to explore known adverse effects of VST therapy,
with the aim of educating advanced practitio-
ners on their significance. Evidence suggests that
the adverse effects associated with VST therapy
are treatable; however, limited knowledge of this
novel therapy limits clinical application at this
time. Further study including large, multicenter,
randomized controlled trials are needed to deter-
mine the implications of the broad application of
VST therapy. Future study design should consider
comparing outcomes controlling for donor graft
type, banked vs. direct donor VSTs, method of
VST manufacturing, HLA matching, or single vs.
multivalent VST therapy.

As the field of T-cell therapy continues to ex-
pand, advanced practitioners may require addi-
tional education to understand and manage these
complex treatments. Despite the limitations, the
outcomes reviewed, specifically GVHD, CRS, infu-
sion toxicity, TA-TMA, graft failure, and genitouri-
nary complications, indicate that there are little to
no severe side effects associated with VST therapy,
suggesting VST therapy can be safely used to treat
viral infections in allogeneic HSCT recipients.
These promising results should prompt additional
investigation in additional patient populations. ®
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