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6.2 Immunopathology

of Lymphoblastic Leukaemia
6.2.1 General Considerations

The incidence of acute lymphoblastic leukaemia
(ALL) is about 1-4/100.000 persons per year.
Most of the cases occur in children below 6 years
or in adults aged 80 years and more.
Approximately 85 % of all ALL cases are of a
B-cell phenotype.

6.2.2 Lymphocyte Development
as Biological Basis of Disease

Acute lymphatic leukaemia rises from lymphoid
progenitors. In humans LIN/CD34*/CD38" cells
are recognised as a stem and progenitor popula-
tion in which three different sub-compartments
can be found: CD90*/CD45RA-, CD907/
CD45RA- and CD90/CD45RA*. The LIN7/
CD34+/CD387/CD90*/CD45RA~  fraction is
highly enriched for haematopoietic stem cells
HST [1]. The common lymphoid progenitor
(CLP) can be defined as LIN/CD10*/CD34* [2].
Originating from this CLP, B cells continue to
differentiate into pre-pro-B cells, which then
turned into pro-B cells, large pre-B cells and
small pre-B cells and finally differentiate into
immature B cells. This differentiation is highly
regulated by various transcription factors which
are specifically expressed over a time period to
ensure the correct development of B cells
(reviewed in [3]).

B-ALLs are heterogenic diseases, with an
accumulation of abnormal cells. Traditionally
B-ALL cells have been compared to their normal
counter-partners in B-cell development. This was
mostly done because of similarities in morphol-
ogy and immune phenotype. However, this head-
to-head comparison misses some ALL features,
for example, up to 30 % of ALL cases express
myeloid markers [4]. Research on chromosome
changes in ALL has shown that some of the initi-
ating changes occur very early (e.g. being of
parental origin), while others occur at a later
stage of development [3].

Genetical changes leading to the development
of B-ALL are discussed below. The increasing
role of the signalling of the pre-B-cell receptor
and signal transduction by this receptor should be
mentioned. During B-cell development, the pre-
B-cell receptor has a dual function. It promotes
survival and proliferation, and subsequently it
induces differentiation in the B-cell compartment
[5]. Two downstream targets which are mainly
important for the tumor suppressive function of
the pre-B-cell receptor are IKAROS and AIOLOS
[6]. Interestingly, in 80 % of the BCR-ABL*
ALL, the gene responsible for IKAROS (IKZF1)
has been deleted [7], underlining the importance
of those events in the signal transduction for the
development of ALL.

Similar to AML, there is a two-hit model for
ALL. The first “hit” is posed to be a chromo-
somal abnormality (the major are listed below);
nonetheless, this first “hit” is not sufficient for the
induction of an ALL. Therefore, a second hit
such as the deletion of tumor suppressor genes is
needed to fully generate an ALL.

6.2.3 Genetics in Acute Lymphatic
Leukaemia

6.2.3.1 Numerical Chromosome

Changes
Hyperdiploid
Hyperploidy (>50 chromosomes) can be found in
up to 30 % of all cases in children [8]. In contrast,
the number of hyperploid cases in adults is sig-
nificantly lower (about 10 %). Hyperploidy is
associated with good prognosis in children. This
might be explained by the higher sensitivity to
chemotherapy [9]. The impact of hyperploidy in
adults is less clear; while some reports found a
benefit, others deny this finding [10, 11].

Hypodiploid

Hypoploidy is defined as the presence of less than
46 chromosomes in a cell. Approximately 10 % of
children and nearly 10 % of adult cases show a
hypoploid chromosome content [12]. Patients with
hypoploidy have a worse prognosis compared to
those with a normal or hyperploid leukaemia [13].
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This is even more of importance since the event-
free survival depends on the number of chromo-
somes and patients having less than 44
chromosomes showed 8-year EFS of 30 % [14].

6.2.3.2 Structural Changes

MLL Rearrangements

Several rearrangements involving the MLL gene
at chromosome 11g23 are present in ALL cells.
The most common are t(4;11)(q21;923), t(11;19)
(q23;p13.3) and t(9;11)(p22;q23) which lead to
the fusion of the 5'portion of the MLL with the
3'portion of AFF1, MLLT1 and MLLT3 [15, 16].
Beside these frequent translocation patterns, over
50 other translocations are known which fuse to
MLL. Interestingly, there are two major breaking
clustering regions in the MLL gene between exon
5 and exon 11 [17]. Regardless of the other fusion
partner (e.g. AFF1), fusion proteins will keep the
transcription repressing domain of MLL and gain
the 3’portion of the partner, which is mostly a
transcription factor. MLL rearrangement is usu-
ally associated with poor outcome [18-20].

BCR-ABL

The translocation of 9q to chromosome 22q
leads to the formation of the Philadelphia (Ph)
chromosome. This fusion protein is the hallmark
of the chronic myeloid leukaemia (CML) but is
also found in ALL. Around 5 % of the children
and up to nearly 30 % of adults will show the
t(9;22)(q34;q11.2) translocation which can be
detected by conventional cytogenetics, FISH or
PCR [12, 21, 22]. The latest is often used for
quantification which makes this method
extremely interesting for detection of minimal
residual disease (MRD) [23].

Genetically the Ph chromosome is a fusion of
the 5’portion of the BCR gene to the 3’portion of
the Abelson leukaemia virus proto-oncogene
(ABL1). The breaking points of BCR cluster
occur in two regions. The major clustering region
(M-ber) is mostly found in CML, and the minor
cluster (m-bcr) is predominantly seen in
ALL. Therefore, two different translocation
products can result depending on the involved
breaking point, the p210 kDa and the smaller
p180-190 kDa. Patients will show only one of the

two possible fusion samples [24, 23]. Detection
of the t(9;22) in patients with ALL leads to an
adverse disease prognosis [25, 26].

Tyrosine kinase inhibitors are active in Ph*
ALL; however, the majority of patients will
relapse after initial response to treatment and
even during treatment [27, 28].

ETV6-RUNX1
Translocation t(12;21)(p13:q22) leads to the pro-
duction of the fusion protein ETV6-RUNXI.
This is the most frequent structural chromosome
change in paediatric ALL, which occurs in nearly
30 % of the cases [29, 30]. While being quite fre-
quent in childhood lymphatic leukaemia, ETV6-
RUNXI1 transcripts are rare in adults with a
frequency below 5 % [31, 32]. RUNXI is a tran-
scription factor that regulates various genes
important for human haematopoiesis [33].
Occurrence of the ETV6-RUNXI1 transloca-
tion is associated with a good prognosis in
childhood ALL. This is especially seen in
younger children (1-9 years of age) rather than
in those older than 10 [14, 32, 34, 35]. A hypoth-
esised mechanism is that the occurrence of the
translocation sensitises malignant cells to clas-
sical chemotherapeutic drugs used in ALL pro-
tocols [36, 37].

6.3 Immune Phenotype
and Targets in Lymphatic
Leukaemia

6.3.1 Cell Surface Marker

ALL cells express a variety of antigens that are
linked to normal B-cell development. In a more
simplified way, three major subgroups can be
defined which can be classified by their immune
phenotype. The early precursor or pro-ALL is
characterised by the expression of CD19, cyto-
plasmic CD79a, cytoplasmic CD22 and nuclear
TdT. The intermediate stage or common ALL is
recognised by CD10, and the late precursor or
pre-B-ALL stage is marked by the cytoplasmic
expression of the p chain. Typical phenotypes are
listed in Table 6.1.
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Table 6.1 Phenotype of B-ALL and potential antibody-
based targets

Stage Immune phenotype Target
Early HLA-DR, TdT, cCD22, CDI19
precursor CD79a, CD19 Blinatumomab
Intermediate HLA-DR, TdT, cCD22, CDI19
precursor CD79a,CD19,CD10,  Blinatumomab
(common)  CD20 (variable) CD20
Rituximab,
ofatumumab
Late HLA-DR, TdT CD19
precursor (variable), cCD22, Blinatumomab
CD20, cytoplasmic p Rituximab,
ofatumumab

Lymphoblasts are positive for CD10, surface
CD22, CD24, Pax5 and TdT in most cases. The
expression of CD34 and CD20 varies. CD45 may
be absent. Myeloid markers such as CDI13,
CD15, CD33 and CD68 can also be expressed on
lymphoblasts [38].

6.3.2 Tumor Antigens

6.3.2.1 WT1

Wilms tumor gene 1 (WT1) is a zinc finger tran-
scription factor that was originally found as a
mutated tumor suppressor in Wilms tumor. The
expression of the transcription factor was also
found in haematopoiesis, and the expression and
relevance of its expression has been extensively
studied in AML and to a lesser extent in
ALL. Reports showed that a great number of
ALL have an WT1 expression, but in contrast to
childhood ALL where WT1 was inversely corre-
lated to an inferior prognosis [39], a study on
nearly 300 adult ALL cases missed to show any
impact as an individual prognostic marker [40].
The expression varies in different ALL subtypes,
and matured B-ALL were negative or showed
low WT1 expression, while aberrant expression
of myeloid marker led to the highest WT1 levels.
However, in adult T-ALL an inferior outcome for
patients harbouring a WT1 mutation in exon 7
was reported [41]. While data for WT1-specific
T-cell therapy in ALL are missing, a report in
CML patients used WT1-specific T cells to pre-
vent relapse of leukaemia [42].

6.3.2.2 BCR-ABL

Most work with BCR-ABL as a tumor antigen was
done in CML. Numbers of reports have shown that
T cells specific for BCR-ABL contribute to the
immune vs. CML effect [42-44]. However, in
BCR-ABL-positive ALL, the potential use of
BCR-ABL as an immune target is less promising.
Data of allografted BCR-ABL-positive ALL
patients showed a better overall survival (OS) and
less relapse compared to patients treated with con-
ventional chemotherapy [45, 46], suggesting that a
graft-versus-leukaemia (GvL) effect also exists for
BCR-ABL ALL; however the relapse rate is still
30 % [47], and ALL has shown to be less sensitive
for donor lymphocyte infusion [48]. BCR-ABL-
positive ALL has also been included into trail with
bi-specific antibodies (discussed below), resulting
in a considerable rate of relapse which however
was short lasting [49]. These results suggest that
either BCR-ABL itself is less immunogenic or that
priming and expansion of BCR-ABL-specific T
cells take too long in acute leukaemia to be effec-
tive as therapeutical approach.

6.3.3 Cancer/Testis Antigens

Cancer/testis antigens (CTAs) are a group of
tumor antigens being limitedly expressed in
somatic tissues and represent an attractive target
for immunotherapy in cancer since the gonads
are immune privileged organs and anti-CTA
immune response can be tumor specific (reviewed
in [50]). While CTA represents an attractive tar-
get in AML [51], the expression and practicabil-
ity as an immunological target in ALL is less
clear. In a small study, the expression of CTA in
ALL patients could be detected [52].

6.4 Immunotherapy
for Lymphatic Leukaemia
6.4.1 Cellular Approaches

6.4.1.1 T Cells and Modified T Cells

T cells as part of the adoptive immune system
have the ability to recognise and kill tumor cells.
This quality is part of the concept of donor lym-
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phocyte infusions (DLI, discussed below) as cel-
lular therapy against various types of
haematological cancers [53-55]. However, the
response rates of ALL to DLI are inferior com-
pared to other haematological cancer types and
mostly lower than 15 % [56, 57]. Possible expla-
nations may be that ALL is an aggressive disease
where time for priming the naive T cells is lack-
ing and ALL cells are missing co-stimulatory
molecules [58]. Even ex vivo pre-stimulation of T
cells with CD3/CD28 antibodies did not enhance
the benefit of DLI for ALL patients [59]. Another
approach to enhance the T-cell toxicity towards
ALL is an ex vivo priming against known tumor
antigens. WT1 and BCR-ABL are the best stud-
ied antigens so far, and first reports are promising
that the priming may lead to a better control of
tumor cells [60].

An alternative to conventional T cells for
adoptive immunotherapy is the application of
genetically modified T cells. Here the o and 8
subunits of the T-cell receptor (TCR) of a tumor-
specific T-cell clone are used. First results in
solid tumors such as melanoma were promising
[61]; however, its use in haematological malig-
nancies was limited due to the antigen restriction
of the T-cell clone [62, 63]. In addition, many
tumor cells downregulate HLA molecules and
thereby lower the ability of recognition by T
cells [64].

A possibility to avoid the limitations of TCR
gene transfer may be the use of chimeric antigen
receptors (CARs). CARs are composed of a
single-chain variable-fragment (scFv) antibody
specific to tumor antigen, fused to a transmem-
brane domain and a T-cell signalling moiety,
most commonly either the CD3-{ or Fc receptor
vy cytoplasmic signalling domains [65]. The
resulting receptor, when expressed on the surface
of the T cell, mediates binding to the target tumor
antigen through the scFv domain, which subse-
quently mediates an activating signal to the T cell
inducing target cell lysis. Major advantages are
the ability to produce large amounts of modified
T cells in the lab and the ability that those cells
kill HLA-independent T cells and that CAR-
modified T cells can be further manipulated by
co-expressing cytokines or co-stimulatory mole-
cules [66—68].

By choosing the CD19 as an immunological
target, some preclinical work reported benefi-
cial effects of viral-transduced CD19-targeted
CAR T cells [69, 70]. Further modifications of
CAR T cells with co-stimulatory receptors have
enhanced their potential in mice models [71-
73]. Ongoing phase I trials are investigating the
benefit of CAR-modified T cells in the context
of ALL (NCT01044069 and NCT01029366),
and it will be very interesting to see which
impact this modified T cells will have on the
management and cure of ALL. In a first proof-
of-principle report, Porter et al. treated a patient
with refractory CLL with modified autologous
T cells. T cells were transduced with CD19,
CD137 and CD3-{ and infused at a dosage of
1.5%x10%kg BW. A remarkable remission for
10 months was noted [74]. Interestingly in
patients treated with CAR-modified T cells, a
portion of memory CAR T cells could be found
after 6 months [75].

In a more recent study, Grupp and co-workers
used CD19 CAR-modified T cells with dosages
of 1.4x 10°to 1.2x 107 T cells per kg/BW to treat
two children with relapsed and refractory pre-B-
ALL. Both children reached complete remission
(CR) after treatment, and one remained in CR for
11 months, while the other child relapsed with a
clone of non-CDI19-expressing blasts [76].
Therefore alternative targets are investigated, and
first reports show that CD22 can also be used as
an immunological target for CAR in ALL [77].
However, this point remains critical as the chosen
antigen determines the success of the cellular
therapy.

6.4.1.2 NK Cell Approaches

NK cells are part of the innate immune system.
In contrast to B or T cells, NK cells do not have
receptors rearranged during their maturation,
making them less specific for antigens. Indeed,
receptors expressed on the NK cell surface have
more function of carefully controlling NK cell
activation. One of those receptors is the killer-
cell immunoglobulin-like recepor (KIR, CD158)
family, which consists of different members that
have activating as well as inhibitory functions
on NK cells. NK cell cytotoxicity is triggered by
tumor cells, which lack the of expression of
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Table 6.2 Function of antibody-based immunotherapy

CD name Other name Function Antibody

CD19 Forms complex with CD21 and CD81, Blinatumomab
co-receptor for B cells, binds
cytoplasmic tyrosine kinases and PI3K

CD20 Oligomer of CD20 is involved in Ca 2+ Rituximab, ofatumumab
transport and B-cell activation

CD22 BL-CAM Binds sialoconjugates Inotuzumab

CD52 CAMPATH-1, HE5 Unknown Alemtuzumab

CD33 Binds sialoconjugates Gemtuzumab

some self-MHC class I molecules referred to as
“missing self” hypothesis [78]. Inhibitory KIRs
recognise groups of HLA-A, HLA-B and
HLA-C alleles. If KIR inhibitory NK cells tar-
get cells lacking the corresponding HLA-class I
ligand, the target cell will be lysed (KIR-ligand
model) [79].

Up to now, NK cell alloreactivity does not
seem to be beneficial in the treatment of ALL
[80], but some reports with genetic modified NK
cells provide some encouraging data. Retroviral
or electroporation of NK cells to induce a CD19
targeting CAR led to increased NK cell-mediated
killing of ALL cell lines, as well as primary ALL
blasts [81-83].

6.4.2 Antibodies (See Table 6.2)

6.4.2.1 CD20 Antibodies

The CD20 molecule is an integral membrane pro-
tein that is specific for B cells and seems to be
important for calcium transport across the cell
membrane [84]. The expression of CD20 is
linked to poor prognosis [85]. CD20 is expressed
on leukemic blast cells of about 50 % of the
patients with B-lineage ALL.

Rituximab is a chimeric mouse/humane anti-
body that has dramatically changed the therapy
of NHL. Since CD20 is also expressed in B-ALL
cells, the antibodies have also been used in the
ALL setting. Reports have shown that the addi-
tion of CD20 antibodies to conventional chemo-
therapy leads to a higher rate of complete
response as well as a better overall survival. Of
note the advantage seems only to be true in
younger ALL patients [86, 87].

6.4.2.2 CD22 Antibody

CD22 molecule expression is found in more than
90 % of B-lineage ALL. Functionally, CD22
leads to downregulation of CD19 after its phos-
phorylation. CD22 is rapidly internalised after
activation and therefore is highly attractive for
toxin-linked antibodies [88]. Inotuzumab ozo-
gamicin is an anti-CD22 antibody linked to cali-
cheamicin. Calicheamicin is a toxic antibiotic
which causes double-strand breaks in the
DNA. In a first phase II trial of nearly 60 patients,
57 % responded to the immunotoxin and showed
an OS of 5.1 months [89].

Epratuzumab is an unconjugated CD22 anti-
body. In a very small study with 15 paediatric
patients, nine achieved CR with only moderate
toxicity [90]. Furthermore, the addition of epratu-
zumab to standard chemotherapy improved the
CR rate in a Children’s Oncology Group (COG)
study [91]. Moxetumomab pasudotox is a new-
generation toxin-linked anti-CD22 antibody that is
currently being investigated in a phase I trial [92].

6.4.2.3 CD52 Antibody

CD52 is a glycoprotein on the surface of lym-
phoid cells. CD52 can be found on T and B cells,
making the antigen interesting for application in
T- and B-ALL. Campath-1H is a humanised
IgG1k antibody that showed major efficiency in
NHL and CLL.

A small series of six patients with advanced
ALL who had been treated with alemtuzumab
(three times 30 mg IV) was reported, and nearly
all patients showed infectious complications
[93]. CALGB presented data from a phase 1
study including 24 patients in CR1 with alemtu-
zumab as treatment. The OS was 55 months, and
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DFS was 53 months. Interestingly minimal resid-
ual disease (MRD) levels were 1 log lower in
alemtuzumab-treated patients [94]. Again infec-
tion complications were a major side effect in the
treatment.

6.4.2.4 CD19 Antibody

CD19 is expressed in nearly all B-cell malignan-
cies due to the early expression of the CD19 mol-
ecule in B-cell development. Blinatumomab is a
structured monoclonal antibody combining two
single-chain antibodies to CD19 B cells and to
CD3 T cells [95]. This antibody increases the
contact of cytotoxic CD3 to malignant B cells
which thereby gets lysed. The GMALL showed
data on 21 patients who achieved MRD negativ-
ity after blinatumomab therapy. The response
rate was 80 % with a probability of relapse-free
survival of 78 % and only mild side effects [96].

6.5 Stem Cell Transplantation

6.5.1 Allogeneic Stem Cell
Transplantation (Allo SCT)

Allogeneic stem cell transplantation is still the
most effective immunotherapy for ALL. Donor T
cells contribute to controlling malignant cells.
This effect of GvL was first described in acute
leukaemias including ALL [97]. However, there
are also significant limiting factors in the treat-
ment of ALL by allo SCT; even with the improved
supportive care therapy, there is up to 30 %
treatment-related mortality (TRM) [98], and
GVHD accounts for up to 70 % of the cases [99].

The majority of ALL patients will achieve CR
after the induction therapy [99], but if patients
profit more from allo SCT or conventional chemo-
therapy as consolidation is still not fully answered.
There are some patient subgroups defined by
genetical features, delayed response (> day 28)
and high leukocyte count at diagnosis that have
been summarised by the term high-risk patients. In
these patients allo SCT seems to be favourable as
consolidation therapy [100-102]. Nevertheless,
it has to be underlined that these data are
mainly based on myeloablative treatment

protocols and related donor transplantation. Of
note some studies failed to support the benefi-
cial use of allo SCT in high-risk ALL patients
[103, 104].

Besides the group of high-risk ALL patients,
debate exists on whether standard-risk ALL
patients should be transplanted. The British
MRC analysed 1,646 patients who were negative
for the t(9;22). If a CR was achieved and the
patient was eligible for an allo SCT, patients
were biologically randomised on the donor/no
donor base. Interestingly in this cohort of stan-
dard-risk ALL patients, the 5-year OS was sig-
nificantly better in the transplant group compared
to non-transplanted patients (62 % vs. 52 %,
p=0.02) [103].

High-resolution typing of the HLA locus
resulted in improved survival after matched unre-
lated donor transplantation, and results become
similar to those of HLA-identical sibling trans-
plantation [105-107].

As an alternative stem cell source, umbilical
cord blood (UCB) or haploidentical donors can
be used for allogeneic stem cell transplantation.
Retrospective studies resulted in similar outcome
after UCB and matched related or unrelated stem
cell transplantation [108, 109], and haploidenti-
cal donor transplantation has become a reason-
able transplant option for those patients lacking a
suitable HLA-matched donor [110].

One way to lower TRM is to Reduced-
intensity conditioning (RIC). Patients in advanced
stage of ALL, with older age or heavily pretreated
can be transplanted after RIC [111, 112]. Registry
data from the EBMT showed that using RIC pro-
tocols reduced TRM in the context of ALL, but
also in this data set, there was an increase in
relapse rate (RIC, 47 % vs. MAC 31 %, p<0.001)
[113].

6.6 Concluding Remarks

ALL are acute leukaemias arising from a com-
mon lymphatic progenitor. In a number of cases,
chromosomal changes occur; some of them like
BCR-ABL have direct impact on the biology of
the disease. As the neoplastic cells are closely
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related to normal lymphoid development, ALL
express a vast of antigens, which are a target of
antibody-based therapies. Incorporation, espe-
cially of the chimeric blinatumomab, has
improved therapeutical outcome in ALL patients.
Stem cell transplantation is mostly the therapy of
choice in the case of an ALL relapse after con-
ventional therapy or in case of high-risk features
of the disease in upfront treatment. By replacing
the haematopoietic system, the donor immune
system is thought to control leukaemia growth by
the GvL effect. This is mostly mediated by T
cells as one of the effector arms of the adoptive
immune system. Therefore the development of
“more specialised” T cells by genetical modifica-
tion of the T-cell receptor (CAR-Ts) is a logical
progress. CAR-modified T cells have already
shown high efficiency in the use against lym-
phatic leukaemias. In summary immune thera-
peutic approaches held great promise to optimise
ALL therapy and lead to a longer and better sur-
vival of ALL patients.
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