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59.1	 �Biology of Donor 
Lymphocyte Infusion (DLI)

59.1.1	 �Diversity of Lymphocyte 
Subsets Used for DLI

In the context of an allogeneic HSCT, the inter-
play between host and donor immune cells is 
considered to be the primary mechanism respon-
sible for graft-versus-leukemia (GVL) reactivity 
and also able to mediate GVHD (Kolb et  al. 
2004). The tissue specificity of the immune 
response determines the balance between GVL 
and GVHD, as well as tropism of GVHD. The 
main population for success and failure of 
HSCT and DLIs originates from αβT cells. 
However, other subsets are also key modulators 
of efficacy, e.g., NK cells most likely provide 
acute control of leukemia and of infections like 

CMV. However, NK cells become rapidly edu-
cated over time (Orr and Lanier 2010) and lose 
their antileukemia activity. Other subsets, like 
γδT cells, appear to have a more prolonged anti-
leukemia effect (Handgretinger and Schilbach 
2018) and are also helpful in controlling CMV 
reactivation (Scheper et al. 2013; de Witte et al. 
2018). NKT cells, like regulatory T cells, have 
been mainly reported to influence GVHD 
effects. While an increase in NKT cells in the 
graft associates with a reduced GVHD inci-
dence (Malard et al. 2016), depletion of T regu-
latory T cells in DLI improves GVL effects, 
although it augments the risk of GVHD (Maury 
et al. 2010). Thus, lymphocyte infusions as part 
of the graft at the time of transplantation, or 
delayed as DLI, have multiple effector cells that 
need to be considered in terms of different allo-
reactive effects.
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59.1.2	 �Naïve αβT Cell: Host Dendritic 
Cell (DC) Interaction as a Key 
Driver of Immune Response

Since in the context of HLA-matched transplan-
tation, most alloreactive αβT cells are present 
within the naïve repertoire of the donor, recipient-
derived dendritic cells (DC) play an essential role 
in provoking the αβT cell immune response 
(Stenger et al. 2012). DC are key players in pro-
voking appropriate T cell activation, and because 
DC are derived from the hematopoietic system, 
an immune response of donor origin targeting 
DC from the recipient will likely result in an 
immune response against recipient hematopoi-
etic cells, including the malignant population, 
and therefore give rise to GVL.  The level of 
cross-reactivity against antigens broadly 
expressed on non-hematopoietic cells will deter-
mine the likelihood and severity of GVHD. DCs 
are present in the lympho-hematopoietic system 
but also with relatively high frequencies in the 
target tissues of GVHD. At the time of transplant, 
all DCs are of recipient origin. When activated by 
danger signals provoked by tissue damage and 
pathogens, DCs will present endogenous anti-
gens, as well as cross-present antigens derived 
from the non-hematopoietic tissues and patho-
gens. Therefore, in T-cell-replete HSCT, it is dif-
ficult to dissect the GVL and GVHD effects 
(Boelens et al. 2018; Admiraal et al. 2017).

Consequently, many current transplantation 
techniques deplete immune cells from the graft and 
administer DLIs at later time points as standard 
part of the transplantation regimen. Both a com-
plete immune depletion by selection of CD34-
positive stem cells (Pasquini et al. 2012) and partial 
depletion of alloreactive T-cells through PT-CY 
(Mielcarek et al. 2016) are used. This upfront T-cell 
depletion associates with a lower risk of GVHD 
and allows very early DLIs for the majority of 
patients (e.g., 100  days after HSCT) and an 
improved segregation of GVL and GVHD effects. 
More recent transplantation strategies better con-
sider the sophisticated variety of immune cells. 
These novel strategies utilize either a selective 
depletion of αβT cell (Locatelli et al. 2017) or naïve 
subsets (Bleakley et al. 2015) to abrogate GVHD, 

while maintaining early immune surveillance 
directed against infections as well as leukemia.

59.1.3	 �Diversity of Immune 
Repertoires and Potential 
Impact on Interventions

After HSCT, the αβ and γδTCR repertoire is 
reconstituted out of the graft of the donor, which 
contains in T-cell-replete transplantations 
between 5 × 107 and 1 × 109 T cells/kg (Czerw 
et al. 2016). Of the T cells, the γδT cells are the 
first to reach normal numbers, followed by the 
CD8+ αβT cells and finally the CD4+ αβT cells 
which do not reach normal levels within the first 
year after HSCT (Kanakry et  al. 2016). It is 
important to note that numerical reconstitution of 
the T cells does not mean that the diversity of the 
repertoire is already normalized, reflected by the 
clinical observations that patients are highly vul-
nerable to many infections for years after HSCT. 
(van Heijst et al. 2013; Ravens et al. 2018).

Factors that influence the T-cell repertoire 
reconstitution after HSCT include the source of 
the graft and occurrence of infectious challenges 
such as CMV and EBV, GVHD, and cellular 
interventions such as DLI. The repertoire of αβT 
cells after HSCT has been studied extensively in 
different HSCT settings. Six months after HSCT, 
the αβTCR repertoire is still very restricted when 
compared to that of healthy individuals. A cord 
blood graft leads to a greater diversity of the 
αβTCR repertoire at 6 and 12 months, compared 
to other graft sources (van Heijst et  al. 2013). 
Even 2–5 years after HSCT, the repertoire is still 
not as diverse as in healthy individuals (Kanakry 
et al. 2016; van Heijst et al. 2013). CMV reacti-
vation shapes the repertoire in such a way that a 
marked contraction of the diversity is observed 
(Kanakry et  al. 2016; van Heijst et  al. 2013; 
Suessmuth et al. 2015). GVHD has been associ-
ated with both an increased (van Heijst et  al. 
2013) and a decreased diversity (Yew et al. 2015). 
We favor the hypothesis that selective GVL reac-
tivity is associated with lower diversity, lower 
magnitude, and relatively tissue-specific recogni-
tion of hematopoiesis by alloreactive αβT cells 
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(van Bergen et al. 2017). Less is known about the 
diversity of the γδTCR repertoire after HSCT. The 
repertoire of the γδT cells seems to be established 
quite early, at 30–60  days after HSCT.  CMV 
reactivation promotes a massive expansion of a 
few γδT cell clonotypes (mainly belonging to the 
δ1 subset), which leads to a so-called repertoire 
focusing (Ravens et  al. 2018). Within this con-
text, it is reasonable to argue that the administra-
tion of a DLI might in the future depend not only 
on the type of the disease or timing but also on 
the size of the αβ and γδT cell repertoire observed 
at a given time point. 

59.2	 �Guidelines for Prophylactic 
and Preemptive DLI as Well 
as DLI After Relapse

59.2.1	 �General Considerations

Currently, neither the diversity of the TCR reper-
toire nor the infusion of subsets of lymphocytes is 
used to guide or fine-tune the intervention DLI in 
daily practice. To prevent relapse of the underlying 
disease, timing and dosing of non-manipulated DLI 
after HSCT can be used to relatively skew the 
immune response toward GVL reactivity, as tissue 
damage after transplantation is gradually repaired 
and the donors’ DCs steadily replace the recipients’ 
DCs within the first 6 months after HSCT. Therefore, 
the magnitude and diversity of the interplay between 
host and donor immune subsets will progressively 
diminish. This is evidenced by the clinical observa-
tion that when the interval between HSCT and the 
infusion of DLI increases, the total number of αβT 
cells that can be administered without induction of 

severe GVHD will increase from less than 105/kg 
after 3  months, to more than 106/kg at 6  months 
(Table 59.1) (Yun and Waller 2013). Main prerequi-
site at the time of DLI is therefore also the absence 
of tissue damage and inflammatory circumstances, 
thus a lack of GVHD and uncontrolled infections.

59.2.2	 �Timing, Dosing, 
and Frequency of DLI

The following recommendations refer to the infu-
sion of non-manipulated donor cells after no or 
in  vivo T-cell-depleted transplantation from 
matched sibling or unrelated donors in patients 
with acute leukemia or MDS, which is the most 
frequently studied scenario. Further aspects, which 
may modify these recommendations, are discussed 
below. With respect to the indication of DLI for 
prevention of overt hematological relapse, two 
situations are distinguished. Furthermore, DLIs 
can be given within the context for overt relapses.

59.2.2.1	 �Prophylactic DLI
A prophylactic DLI is applied in patients with a 
high-risk of relapse, but at a stage when there is 
no evidence of the underlying disease. Usually, 
prophylactic DLIs are given starting from day 
+90 or +100 after HSCT, provided that the patient 
is off IS and free of GVHD for about 1 month. 
CD3+ doses used for the first infusion depend on 
donor type and timing and vary between 1 × 105/
kg patient and 1  ×  106/kg (Table  59.1). In the 
absence of GvHD, most groups have given pro-
phylactic DLIs as single-shot intervention, but 
also repetitive DLIs are reported (Table  59.1; 
Tsirigotis et al. 2016; Jedlickova et al. 2016).

Table 59.1  Timing and dosing of prophylactic and preemptive DLIa

Timing Related Unrelated Haplo
Preemptive and prophylacticb 3 months 1–5 × 105/kg 1 × 105/kg

6 months 1 × 106/kg 1 × 106/kg 1 × 104/kg
Relapse in combination with chemotherapyc After chemotherapy 1 × 107/kg 1 × 107/kg

Level C evidence
aA DLI can be repeated at 1-log higher 6–8 weeks after the first DLI, when, e.g., MRD is still present and no GVHD is 
observed. GVHD as endpoint of repetitive DLIs for preemptive DLIs is in the era of MRD monitoring no longer 
recommended
bTsirigotis et al. (2016)
cSchmid et al. (2012)
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59.2.2.2	 �Preemptive DLI
DLIs are administered preemptively, i.e., in case 
of persistent MRD or when the first signs of 
relapse are observed, like MRD positivity or a 
decreasing donor chimerism. For persisting MRD, 
either the same initial cell dosages as for prophy-
lactic DLI are used, followed by repetitive DLIs in 
4–12  weeks’ intervals, using an escalated dose 
schedule and increasing the cell dosages by five to 
tenfold at each infusion. Alternatively, five to ten-
fold higher initial cell doses are used in the pre-
emptive situation as compared to prophylaxis. A 
total of three to four DLIs may be administered, 
and subsequent infusions are mostly taken from 
the same apheresis as the first but are frozen in the 
previously planned dosages. Occurrence of GVHD 
after DLI will result in no further DLI administra-
tion. For reappearance of MRD or mixed chime-
rism, obviously timing of DLI depends on the 
occurrence of these circumstances.

59.2.2.3	 �Overt Relapses
For overt relapses a combination of DLI with che-
motherapy is mandatory (Schmid et al. 2012), and 
cell doses used in that situation are usually one 
order of magnitude higher than in the prophylactic 
or preemptive situation (1 × 107/kg). In particular 
in acute leukemia, DLI alone may not be the pre-
ferred strategy for treatment of relapse. Repetitive 
DLIs can be considered after overt relapses based, 
e.g., on MRD positivity 6–8 weeks after DLI.

59.2.3	 �Factors that May Influence 
Timing, Dosing, 
and Frequency of DLI

59.2.3.1	 �MRD
Six weekly scheduled DLI with escalating doses 
until the first signs of GVHD as described above 
might no longer be necessary in the era of molec-
ular disease monitoring. A MRD-driven strategy 
with more time between DLIs (8–12  weeks) 
might still allow for control of the hematological 
malignancy while avoiding long-term side effects 
like chronic GVHD.  An alternative is the infu-
sion of donor αβT cells engineered with a suicide 
gene. The thymidine kinase (TK) suicide gene 

has received conditional approval by EMA 
(Chabannon et  al. 2018), and a novel safety 
switch (inducible caspase-9) characterized by 
lack of immunogenicity and rapid mechanism of 
action is under investigation (Zhou et al. 2014).

59.2.3.2	 �Impact of Underlying 
Disease

The different underlying diseases might require 
different doses, considering their sensitivity to a 
DLI-mediated GvL effect. The relapse workshop 
of the National Cancer Institute has proposed an 
estimate of the sensitivity of different diseases to 
DLI (Alyea et al. 2010). Accordingly, sensitivity 
is regarded as high for CML, myelofibrosis, and 
low-grade NHL; intermediate for AML, MDS, 
multiple myeloma, and Hodgkin’s disease; and 
low for ALL and DLBCL.

59.2.3.3	 �Donor Origin
Dosage of DLI can under certain circumstances 
relate to the origin of the donor (Table  59.1). 
There is no consensus as to whether the dose 
between an unrelated and a related donor needs 
to differ. Similarly, cells doses in the haploiden-
tical setting are unclear. More importantly and 
not well understood, but of greater impact, is 
most likely the processing of the DLI product 
with higher potency of freshly infused DLI when 
compared to frozen DLIs or DLIs used from the 
mobilized stem cell product due to different via-
bilities and compositions (Lemieux et al. 2016).

59.2.3.4	 �Combination with Other 
Drugs

DLIs are used in many diseases in combination 
with specific drugs targeting molecular aberrations 
of the underlying malignancy and/or acting via 
immune-modulating activities. However, the early 
administration of LENA after transplantation has 
been associated with a high incidence of GVHD 
(Kneppers et al. 2011), indicating that doses of DLI 
can also critically depend on the co-administration 
of drugs. Combinations with interferon-α and 
GM-CSF have also been reported as successful 
intervention to enhance the GVL effect (Dickinson 
et  al. 2017). Other drugs currently explored are 
AZA, HDAC inhibitors (Bug et al. 2017), and Flt3-
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inhibiting TKI (Mathew et al. 2018), and dosage 
and timing of combined DLIs might be guided by 
the experience from prophylactic and preemptive 
DLIs but need to be carefully monitored.
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