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Graft-versus-tumor (GVT) reactivity mediated by donor T cells in the context of allogeneic stem cell transplantation
(alloSCT) is one of the most potent forms of cellular immunotherapy. The antitumor effect against hematologic ma-
lignancies is mediated by a polyclonal T-cell response targeting polymorphic antigens expressed on hematopoietic
tissues of the recipient, leaving donor hematopoiesis in the patient after transplantation unharmed. Fortunately, he-
matopoietic tissues (including malignant hematopoietic cell populations) are relatively susceptible to T-cell recognition.
If, however, nonhematopoietic tissues of the recipient are targeted as well, graft-versus-host disease (GVHD) will occur.
The balance between GVT and GVHD is influenced by the genetic disparity between donor and recipient, the number and
origin of professional antigen-presenting cells provoking the immune response, the target antigen specificity, magnitude
and diversity of the response, and the in vivo inflammatory environment, whereas inhibitory factors may silence the
immune response. Manipulation of each of these factors will determine the balance between GVT and GVHD.

Learning Objectives

• Understanding the immunobiology of alloimmune responses
as a curative modality of allogeneic stem cell transplantation

• Understanding factors determining success or failure of donor
T cell–mediated antitumor responses after allogeneic stem cell
transplantation

Introduction
The main advantage of allogeneic hematopoietic stem cell trans-
plantation (alloSCT) over high-dose chemotherapy or autologous
stem cell transplantation for the treatment of hematologic malig-
nancies is the profound therapeutic effect of the alloimmune response
mediated by donor T cells, resulting in eradication or persistent
control of the malignant cell population.1 However, alloimmune
responses are also responsible for the development of graft-versus-
host disease (GVHD), the main complication after alloSCT. Al-
though the immunobiologic principles of development of GVHD and
graft-versus-tumor (GVT) responses are highly similar, there may be
several ways to clinically separate GVT from GVHD.2 The present
article discusses similarities and differences of induction and exe-
cution of these alloimmune responses, and how the balance between
GVT and GVHD may be influenced.

Beneficial and detrimental alloreactivity
The mechanism by which donor T cells execute their alloreactivity is
in essence not different from their normal function: the control of
viral infections by attacking virally infected cells. Any nonself (viral
or other) peptide that is presented in the context of (self) HLA
molecules can be recognized by the hugely diverse repertoire of
T cells. To prevent the development of autoimmune reactivities,
during thymic selection, all T cells are deleted from the repertoire that
are capable of recognizing “self” peptides in the context of self HLA

molecules.3 The residual T-cell repertoire therefore consists of T cells
that are capable of recognizing any combination of a peptide presented
in an HLA molecule that is different from the self peptide/self
HLA combination. Because the HLA complex is highly polymorphic
and different between individuals, T cells have many possibilities to
choose from to create alloreactivity. These possibilities include nonself
(polymorphic) peptides presented in self HLA molecules, any peptide
presented in anHLAmolecule that is different from the autologousHLA,
and nonself peptides presented in nonself HLA molecules. These pos-
sibilities result in a highly diverse alloreactive T-cell repertoire (Figure 1).

After fully HLA matched alloSCT, the only possibility for the de-
velopment of alloreactivity mediated by T cells is the recognition of
nonself peptides in the context of self HLA because the HLA alleles
of the donor and recipient are identical. Because many genes are
polymorphic and contain single nucleotide polymorphisms, proteins
will often contain small amino acid differences. HLA molecules
present a large representation of peptides derived from most proteins
present in the cell, and therefore HLA molecules present many
peptides that contain small amino acid variations which differ be-
tween individuals. Indeed, analysis of the peptidome eluted from
HLA molecules has revealed that ~10% of all peptides presented in
HLA molecules differ between individuals due to genetic poly-
morphisms.4 Polymorphic peptides presented in the context of HLA
molecules that are capable of inducing an immune response between
HLA identical individuals are called minor histocompatibility an-
tigens (MiHAs).5 Due to the high genetic diversity, the T-cell
repertoire from an HLA identical donor will contain hundreds of
different T cells capable of recognizing a polymorphic peptide pre-
sented in HLA molecules on tissues from the recipient. The clinical
effect of the alloimmune T-cell response will be the result of the tissue
expression of the peptide/HLA complexes and the magnitude of the
T-cell response. If polymorphic peptides presented on hematopoietic
cells of recipient origin are being attacked, the hematopoietic system
from the recipient, including the malignant cells, is eliminated by donor

Conflict-of-interest disclosure: The authors declare no completing financial interests.

Off-label drug use: None disclosed.

Hematology 2017 693



T cells. Because, after transplantation, normal hematopoiesis is of donor
origin, a T-cell response against polymorphic antigens expressed on he-
matopoietic cells from the recipient will lead to a profound GVT response,
without damaging normal hematopoiesis in the recipient (Figure 2). This
antirecipient hematopoietic tissue–directed T-cell response is the main
beneficial therapeutic effect of alloSCT. The likelihood that donor T cells
recognize a polymorphic antigen on recipient cells greatly exceeds the
chance that donor T cellswill recognize tumor-specific or tumor-associated
overexpressed antigens that may play a role in autologous antitumor re-
activity. If a donor T-cell response targets polymorphic peptides that are
expressed on nonhematopoietic tissues from the recipient, which obviously
cannot be replaced by donor tissue, GVHDwill occur. Selective GVTwill
only occur if the alloimmuneT-cell response ismainly ormore specifically
directed against the hematopoietic system of the recipient.

After (partially) HLA mismatched transplantation, the potential
alloreactive donor T-cell repertoire capable of recognizing recipient-
derived tissues is of even higher magnitude. Any peptide, regardless
of whether it is polymorphic, that is presented in an HLA allele which
is different between donor and recipient may theoretically provoke
an alloimmune response.6 Because this action leads to a high di-
versity and magnitude of the donor antirecipient T-cell response,
after HLA mismatched transplantation, the likelihood of a profound
combined T cell–mediated GVT and GVHD response will be high if
no measures of controlling the T-cell response are taken.

Induction of alloreactivity post-alloSCT
Naive T cells are likely to require stimulation by activated pro-
fessional antigen-presenting cells (APC) such as maturated dendritic
cells (DC) to be appropriately activated, allowing execution of their

full function leading to proliferation and cytotoxic activity against
the targeted cell population.7 In contrast, memory T cells that have
been activated in the past will need to overcome only a low threshold
of activation to perform their function. Within the T-cell repertoire of
healthy individuals, the memory T-cell repertoire will mainly contain
pathogen-specific T cells that have been triggered in the past by
pathogen-specific peptides presented in the context of self HLA
molecules expressed by infected activated APC. Only in cases of
previous transfusions or pregnancies will donor T cells have the
likelihood of being previously exposed to polymorphic peptides
from other individuals. Therefore, in the context of HLA identical
alloSCT, donor T cells capable of recognizing polymorphic peptides
presented by recipient tissues will mainly be present in the naive
donor T-cell repertoire.8 These donor T cells require the presence of
activated patient-derived DC in an inflammatory environment to
maximally execute their potential to recognize multiple MiHA
presented on recipient cells.9 If donor T cells are infused together
with the stem cell graft, MiHA-specific T cells will find optimal
circumstances for activation. The professional APC will be of re-
cipient origin and are likely to be activated due to the conditioning
regimen, pathogens, and other danger signals. Target tissues of
GVHD such as gut, skin, liver, and lung may contain large numbers
of activated recipient APC and present a large variety of MiHA
expressed in these tissues, resulting in the development of GVHD.
Homeostatic proliferation of donor T cells caused by the lympho-
penia created by the conditioning regimen will further promote the
immune response. Because professional APC such as DC are derived
from the hematopoietic system, their HLA peptidome will contain
a large variety of MiHA that are coexpressed on many hematopoietic
cells, and T-cell responses directed against these APC will include
many specificities that will target recipient hematopoietic cells,
resulting in GVT reactivity. Nonspecific reduction of the total
number of T cells by T-cell depletion of the graft or profound
immune suppression will reduce both the beneficial and the detri-
mental alloimmune response (Figure 3).

After alloSCT, the in vivo circumstances will change, and this action
will influence the development of the alloimmune response. Because
professional APC are derived from the hematopoietic system, after
alloSCT, recipient-derived DC are gradually replaced by donor DC
generated from the transplanted donor stem cells.10 Tissue damage
will gradually be repaired, and recurrence of lymphocytes will result
in lower homeostatic proliferation. Thus, if no major complications
occur resulting in profound inflammation or tissue damage after
alloSCT, the circumstances for MiHA-specific T cells to be activated
will gradually diminish. APC are cells of hematopoietic origin, and it
is therefore likely that the specificity of donor T cells recognizing
hematopoiesis-associated MiHA will be the longest preserved. This
scenario is consistent with observations that profound in vivo T-cell
depletion at the time of transplant or T-cell depletion of the graft
followed by postponed scheduled DLI can abrogate the initial
alloimmune response and reinstall GVT activity with limited GVHD
if there is a sufficient time interval between transplantation and
DLI.11,12 It is also consistent with the observations that higher doses
of DLI can be administered with more limited risk of GVHD if the
time interval between DLI and alloSCT increases. Obviously, in-
creasing the time interval between transplantation and DLI will
increase the risk of relapse within this interval. Furthermore, if the
time interval becomes too long, all recipient-derived APC may be
replaced by donor APC. If DLI is then administered in the absence of
a danger signal, no alloreactive T-cell response may occur. Relapsed
hematologic malignancies that are poor APC by themselves may not

Figure 1. Peptide/HLA complexes as targets of T cell–mediated
alloimmune reactivity. (A) Self peptides expressed in self HLA molecules
induce tolerance. (B) Polymorphic nonself peptides recognized in the
context of self HLA molecules can induce alloreactivity; these polymorphic
nonself peptides are called minor histocompatibility antigens (MiHA). (C)
Monomorphic (self) peptides presented in the context of nonself HLA
molecules provoke alloreactivity. (D) Polymorphic nonself peptides in the
context of nonself HLA molecules can also provoke alloreactivity.
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respond to DLI under these circumstances.13 Thus, the balance be-
tween GVT and GVHD can be influenced by specific timing of the
infusion of stem cells of donor origin, resulting in hematopoiesis of
donor origin in the patient and the administration of donor T cells
necessary for execution of the antirecipient hematopoiesis-restricted
immunity.

Following (partially) HLA mismatched (including haploidentical)
alloSCT, the alloreactive T-cell repertoire will not only be present
within the naive T-cell repertoire but also within the memory donor
T-cell compartment.14 The memory T-cell repertoire contains at least
in part T cells that can cross-recognize peptides/nonself–HLA
complexes. Any T cell that is meant to recognize nonself peptides in
the context of self HLA may by chance be cross-reactive with
a peptide presented in the context of nonself HLA because during
thymic selection, T cells will never have been exposed to this
combination, which would have caused deletion of this repertoire.15

Therefore, pathogen-specific T cells present in the memory T-cell
compartment and capable of recognizing viral peptides in the
context of self HLA, may also be cross-reactive against alloHLA
alleles. These memory T cells do not need professional APC to be
activated and execute their function. Therefore, after HLA mis-
matched alloSCT, T cells from the memory repertoire have a higher
likelihood of inducing both GVHD and GVT, and postponed ad-
ministration of DLI after HLA mismatched alloSCT will also have
a higher likelihood of resulting in GVHD due to the fact that they do
not require hematopoiesis-derived APC to be activated. Profound
T-cell depletion is therefore likely to be essential to prevent GVHD
after haploidentical transplantation, which may be performed by
in vitro selection of CD34-positive stem cells or by posttransplant
depletion of alloreactive T cells by the administration of high-dose
cyclophosphamide early after transplantation. Under these cir-
cumstances, the GVT effect seems to be mainly dependent on the
ability of donor natural killer cells to eliminate HLA and killer

immunoglobulin–like receptor ligand mismatched leukemic cells. Only
in cases in which the alloHLA repertoire is (almost) exclusively present
within the naive T-cell repertoire, which is the case when very young
donors or umbilical cord blood cells are used, the initiation of alloimmune
T-cell responses from HLA mismatched donors may follow similar
rules as after HLA identical transplantation.

Balance between GVT and GVHD
The balance between GVT and GVHD depends on multiple factors.
Obviously, if an immune response occurs, with donor T cells only
recognizing polymorphic antigens selectively expressed on hema-
topoietic cells of the recipient, GVT will occur in the absence of
severe GVHD. However, induction of such a targeted in vivo im-
mune response may be difficult to achieve. Several approaches have
been explored to obtain a hematopoiesis-specific T-cell response,
including in vitro selection of T-cell clones and lines that only
recognize recipient cells of hematopoietic origin.16,17 Although in
individual cases, this goal may have been achieved, thus far most
in vitro procedures have been very labor intensive and not always
highly reproducible, and only anecdotal positive clinical results
have been reported. In addition, attempts to boost the hematopoiesis-
restricted immune response in vivo by activating the immune system
using in vitro cultured DC-expressing hematopoiesis-associated
MiHA have not resulted in significant clinical responses.18

Factors other than the antigen specificity of the T-cell response
contribute to the tissue specificity. We recently evaluated the de-
velopment of alloimmune responses in a clinically defined model.
After T cell–depleted alloSCT without posttransplant immune
suppression, the effects of preemptive DLI were investigated
according to an in-depth comparative analysis of in vivo immune
responses in patients who developed GVT reactivity in the presence
or absence of GVHD.19 We illustrated that antigen specificity was
only in part responsible for this difference. More significantly, the

Figure 2. GVT and GVHD targets in alloreactivity. (A) Donor and recipient are fully HLA identical. Polymorphic nonself peptides (MiHA) selectively
expressed on hematopoietic cells provoke hematopoiesis-specific GVT responses. Polymorphic nonself peptides (MiHA) derived from broadly expressed
genes can provoke combined GVT and GVHD. (B) CD8 T cells recognizing peptides presented in the context of nonself HLA class I molecules can
mediate combined GVT and GVHD reactivity. CD4 T cells recognizing peptides in the context of HLA class II molecules mediate specific GVT responses
under noninflammatory circumstances when HLA class II molecules are not expressed on nonhematopoietic tissues. Under inflammatory circumstances,
upregulation of HLA class II on nonhematopoietic tissues causes combined GVT and GVHD by alloreactive CD4 T cells.
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magnitude and diversity of the T-cell response recognizing a variety
of MiHA determined whether GVHD developed. In the absence of
an inflammatory environment, T cells potentially capable of rec-
ognizing nonhematopoietic tissues frequently did not exert their
action. This situation is at least in part due to the lack of expression
of appropriate adhesion molecules and relatively low expression of
HLA molecules in these GVHD target tissues under steady-state con-
ditions.20 Only if the combination of a high magnitude and diversity of
the immune response with appropriate target antigen specificity occurs
will the threshold of activation leading to severe GVHD be overcome. In
contrast, many cells from the hematopoietic system, including hema-
tologic malignancies such as myeloid leukemia cells and some of the
B-cell malignancies, may express sufficient costimulatory and adhesion
molecules, as well as HLA class I and HLA class II expression, to allow
targeting under more restricted circumstances resulting in GVT
reactivity.21

The relatively selected expression of HLA class II molecules
on hematopoietic cells may be an alternative way to direct the
alloimmune response toward specific GVT reactivity. Under non-
inflammatory circumstances, HLA class II molecules, which are
targeted by CD4 T cells, are relatively highly expressed on cells of
hematopoietic origin, including the malignant counterpart. Based on
these findings, administration of purified CD4 T cells instead of
unmanipulated DLI is being explored as a strategy to target recipient
hematopoiesis in the absence of GVHD. This approach may be of

special interest when HLA “matched” unrelated donors are used
for transplantation. During donor selection, usually only HLA-ABC,
HLA-DR, and HLA-DQ are taken into account in HLAmatching but
not HLA-DP. This method results in frequencies of 80% of donor-
recipient pairs that have a disparity for 1 or 2 HLA-DP alleles. This
disparity allows evaluation of specific targeting of allo HLA-DP
after alloSCT and (CD4 purified) DLI. Several clinical studies have
shown that clinical outcome of alloSCT and DLI is influenced by the
disparity of HLA-DP between donor and recipient, and it depends in
part on the immunogenicity of the mismatched HLA-DP allele for the
donor T-cell repertoire.22,23 Administration of CD4 T cells specific
for allo HLA-DP alleles may result in a specific GVT response, as
illustrated both in preclinical models and in patients treated with CD4
T cells from HLA-DP–disparate donors.24,25 However, we also il-
lustrated that administration of CD4 T cells reactive against allo
HLA-DP may result in significant GVHD under inflammatory cir-
cumstances (eg, during viral infections) caused by upregulation of
HLA class II on nonhematopoietic tissues.26 These results again
illustrate that not only the specificity of the T-cell response but also
the clinical circumstances (in particular inflammation) determine the
balance between GVT and GVHD.9

Reduction of GVHD while preserving GVT
Several strategies have been explored to reduce GVHD while pre-
serving GVT reactivity. As expected, complete removal of donor
T cells by in vivo or in vitro T-cell depletion abrogates GVHD but

Figure 3. Balance between GVT and GVHD after T cell–replete or T cell–depleted transplantation. (A) T cell–replete alloSCT: conditioning regimen
induced tissue damage and pathogens mediate activation of recipient APC, lymphopenia-associated homeostatic proliferation, and an inflammatory
cytokine milieu resulting in highly diverse and high-magnitude alloimmune T-cell responses causing simultaneous GVT and GVHD reactivity, requiring
posttransplant immune suppression. (B) T-cell depletion abrogates GVT andGVHD early after transplantation, resulting in an increased risk of relapse and
lack of control of pathogens. Postponed donor T-cell infusions (donor lymphocyte infusion [DLI]) are needed for GVT reactivity: the risk of GVHD is lower
due to tissue repair, less inflammation, and replacement of recipient APC by donor APC.
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also GVT reactivity. As illustrated in the previous section, scheduled
postponed unmanipulated DLI may restore GVT reactivity with
more limited risk of GVHD.27 Complete removal of donor T cells
also abrogates the necessary T-cell response against a variety of
viruses in the early posttransplant period, leading to a high risk
of viral complications, including cytomegalovirus, Epstein-Barr virus,
varicella zoster, or adenovirus reactivations or infections. This lack of
immunity against pathogens may be restored by selective depletion of
only naive T cells from the graft, or posttransplant administration of
in vitro selected pathogen-specific T cells.28 Although this method may
be effective in reducing the risk of viral infections posttransplant, GVT
reactivity still needs to be installed.

The use of posttransplant cyclophosphamide is also a method to
deplete alloreactive T cells by interfering with those T cells that
rapidly respond to alloantigens early after transplantation. If only
part of the alloimmune T-cell response is removed by using this
method, leaving an immune response with more limited diversity in
magnitude in the patient, reduction of GVHD while preserving
GVTmay be possible.29 A similar approach is being explored using
in vitro depletion of alloreactive T cells.30 Fine-tuning is still
a major challenge with this approach, as illustrated by the high risk
of relapse in patients after in vitro T-cell depletion using post-
transplant cyclophosphamide treatment.

Introduction of a suicide gene in T cells before administration is another
method to control GVHD after administration of donor T cells.31 This
approach may allow administration of larger doses of T cells to patients,
permitting control of the immune response if the magnitude and di-
versity will be too high, or if clinical circumstances with a high risk of
developing GVHDwill occur. Alternatively, suppressive T cells such as
regulatory T cells may be helpful in damping GVHD.32

In vitro selection of T cells capable of specifically targeting only
hematopoietic cells of recipient origin seems to be the most logical
method but has been found to be challenging. Several approaches
that are being explored include specific vaccination after trans-
plantation with DC of donor origin forced to express patient-specific
hematopoiesis-restricted MiHA, in vitro selection and expansion of
T-cell lines and clones identified to selectively target hematopoiesis
of recipient origin, and T-cell receptor gene transfer with T-cell
receptors specific for hematopoiesis-restricted MiHA. Administration
of purified CD4 T cells targeting only HLA class II–expressing cells is
relatively simple but may not be sufficient to appropriately reduce
GVHD while preserving GVT reactivity.26 Other approaches include
the exploration of the use of donor T cells or donor T-cell receptors
specific for tumor-associated antigens that are overexpressed in he-
matologic malignancies such as targeting WT-1 specific peptides.33

These approaches thus far resulted in only anecdotal clinical responses.

Failure of GVT responses
Alloimmune T-cell responses after alloSCT are clearly the most
widely used and efficient forms of cellular immunotherapy. The
efficacy of this treatment is determined by a polyclonal immune
response against multiple antigens with limited diversity and
magnitude targeting polymorphic antigens expressed on hemato-
poietic tissues of recipient origin. Despite the efficacy, several factors
may result in failure of this immune response, leading to persisting or
relapsed disease. Obviously, profound T-cell depletion or immune
suppression posttransplant resulting in abrogation of the alloimmune
response will also abolish the antitumor reactivity. Complete re-
placement or depletion of recipient-derived professional APC

posttransplant may also result in an inability to provoke an
alloimmune response, resulting in GVT reactivity. Late after
transplantation, large doses of DLI can be administered to patients
with relapsed disease without the occurrence of any alloimmune
response. Only if the hematologic malignancy of recipient origin can
act or be induced to perform as professional APC, recipient-derived
normal DC may not be necessary to provoke an appropriate immune
response. Naturally occurring DC derived from chronic myeloid
leukemia precursor cells, or APC-like cells from patients with acute
myeloid leukemia or chronic B-cell malignancies, may fulfill these
criteria in some cases. In vivo induction of costimulatory and ad-
hesion molecules on the malignant cell populations by immune
stimulatory drugs such as interferons may increase their ability to
provoke a relevant alloimmune response.

Exhaustion of the immune response or in vivo inhibition of T-cell
responses at the target tissue site may be other causes of failure of the
immune response. High expression of checkpoint molecules in
nonresponding patients who relapsed, and induction of in vivo
immune responses by checkpoint inhibitors resulting in both GVHD
and GVT responses, have been reported.34,35 Due to the potential
diversity of the immune responses after alloSCT, it may be difficult
to predict whether a relatively selective GVT response can be
provoked by checkpoint inhibition. Appropriate homing to all tumor
sites is also an essential feature in controlling the malignant cell pop-
ulation. This feature may not be a frequent cause of failure of GVT
responses in patients with leukemia because T cells preferentially appear
to traffic to the bone marrow compartment. In contrast, in a cohort of
patients with multiple myeloma treated with DLI for persistence of
disease, we recently observed that appropriate control could be obtained
in bone marrow resulting in full donor chimerism, while extramedullary
focal lesions were frequently resistant to T-cell therapy in the same
patients. Only when local tissue damage and inflammation could be
induced (eg, by irradiation) were these focal lesions targeted.

Tumor tissue–associated antigen escape variants may be another cause
of inability of the immune response to target the malignancy. This
factor has been a frequent cause of failure of CD19-targeted antibody or
chimeric antigen receptor T-cell therapy. Due to the polyclonality and
diversity of the immune response after alloSCT/DLI, loss of a single
antigen is unlikely to result in resistance. However, complete loss of
HLA alleles necessary to present the relevant target antigens has been
described as a frequent cause of resistance of the malignancy after
haploidentical transplantation.36 This outcome may suggest that even
after haploidentical transplantation with profound T-cell depletion, not
only alloreactive natural killer cells but also residual alloHLA-reactive
T cells contribute to the antileukemic effect. After HLA-matched
transplantation, complete loss of HLA alleles has not been described as
a frequent event.

Conclusions
The induction of alloimmune responses in the context of alloSCT is
the most widely used and efficient form of cellular immunotherapy.
Targeting polymorphic antigens expressed on hematopoietic tissues
of the recipient by alloreactive donor T cells will result in a highly
specific antitumor response while preserving normal hematopoiesis
of donor origin in the patient. Recipient-derived professional APC of
hematopoietic origin in the patient after transplantation are likely to
play a key role in the induction of the immune response. Cells of
hematopoietic origin, including the malignant cell population, are
most susceptible to the alloimmune response by relatively high and
constitutive expression of HLA class I and HLA class II molecules
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and expression of costimulatory and/or adhesionmolecules, resulting
in the preferential targeting of hematopoietic tissues compared with
target tissues of GVHD. By influencing the antigen specificity,
the magnitude and diversity of the immune response and the in-
flammatory environment in the patient, the balance between GVHD
and GVT can be favorably influenced. Selection and timing of T-cell
response are key factors in promoting the clinical efficacy.
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