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Summary

Current therapeutic modalities used for B-cell lymphoma
include chemotherapy, immunotherapy, and radiation ther-
apy. Chemotherapy together with anti-CD20 monoclonal
antibodies forms the cornerstone of therapy and has a cu-
rative, as well as a palliative, role in this disease. New
treatment modalities targeting specific molecules on the
surface of lymphoma cells or intracellular pathways reg-
ulating apoptosis, proliferation and cell division are inten-
sively investigated. One such target is JAM-C, a mole-
cule implicated in cell adhesion and in B cell migration and
whose inhibition blocks B cells from reaching their sup-
portive microenvironments in lymphoid organs. Hopefully
this and other strategies will help to improve survival of B
cell ymphoma patients in the future.
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Introduction

B-cell non-Hodgkin lymphomas (NHL) are a group of
clearly defined cancer types that originate in the lymphatic
system from mature B lymphocytes. NHL are among the
six most common cancer types in Switzerland, with a sta-
ble incidence rate of about 17 diagnoses in males and 12 in
females per 100 000 people per year for the last 20 years
[1]. The most common age of diagnosis is between 65 and

ABBREVIATIONS

ASCT autologous stem cell transplantation
ADCC antibody-dependent cellular cytotoxicity
cbDC complement-dependent cytotoxicity
CLL chronic lymphocytic leukaemia
DLBCL diffuse large B cell ymphoma

HL Hodgkin’s lymphoma

HCL hairy cell leukaemia

HSC hematopoietic stem cells

MCL mantle cell lymphoma

MM multiple myeloma

MDS myelodysplastic syndrome

NSCLC non-small-cell lung carcinoma

NHL non-Hodgkin lymphoma

WM Waldenstroem’s macroglobulinaemia

75 years. The percentage of people in Switzerland who sur-
vive five years is approximately 55-75%, depending on
the lymphoma subtype.

Lymphadenopathies are the most common manifestation,
and symptoms can include fatigue, fever, night sweats,
weight loss and signs of organ infiltration, such as
splenomegaly, pancytopenia, or CNS involvement. Pro-
gression of the disease can be slow and occur over years,
like in indolent CLL or marginal-zone lymphoma, or can
be much more aggressive, rapid and fatal, as in diffuse
large B-cell lymphoma. Malignant B cells can also produce
soluble immunoglobulins, which might lead to hypervis-
cosity and associated complications, such as in Walden-
stroem’s macroglubulinaemia. Rarely, spontaneous remis-
sions have been documented.

Traditional treatment is based, to a large extent, on stratifi-
cation of patients into groups based on disease subtype and
stage, and relies on watch-and-wait surveillance for indo-
lent forms, or on external beam irradiation, immunothera-
py with anti-CD20 antibodies, and alkylating agent-based
chemotherapy for more aggressive forms.

In this review, we provide a survey of established and ac-
tively investigated newer treatment approaches and strate-
gies for NHL. We explain the rationale behind each of
these approaches and describe the strategies that are cur-
rently available in Switzerland or are expected to be ap-
proved in the near future. The approval process is often
slower than in other European countries or in the USA, and
even when drugs are accepted by regulatory agencies, their
costs are still not automatically reimbursed by health in-
surance providers. Special authorisations from the medical
officers of insurance companies have to be obtained by the
treating haematologist/oncologist on a case-by-case basis.

Chemotherapy

Since 1993, the most common multidrug combination used
for the initial chemotherapy of aggressive NHL is the
CHOP combination (cyclophosphamide, doxorubicin,
prednisone, vincristine). For patients with B-cell lym-
phoma, adding rituximab to CHOP results in better out-
comes than using CHOP alone (see below) [2, 3]. Other
commonly used drugs prescribed as single agents or in
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combinations include bendamustin, fludarabine, vin-
cristine and cyclophosphamide. The most common side ef-
fects of these therapies are fatigue, loss of appetite, weight
loss, transitory pancytopenia, increased risk of infection,
nausea and vomiting, hair loss, and diarrhoea.

Antibiotics

Gastric MALT lymphoma is an indolent lymphoma type
that is linked to infection by the bacterium Helicobacter
pylori. Patients can sometimes be treated with antibiotics
against this pathogen [4, 5]. MALT lymphomas of the
orbit and adnexal structures have been linked to infection
with the bacterium Chlamydophila psittaci. One study has
shown that doxycycline can improve outcomes and lead to
a cure in some patients [0, 7].

Monoclonal antibody therapy for NHL

Monoclonal antibodies were the first successful forms of
“targeted therapy” for lymphoma, with rituximab, a mon-
oclonal antibody against the pan-B cell target CD20, ap-
proved in 1997 by the FDA and now used as the standard
course of care for all B-cell lymphomas. Rituximab acts
through complement-mediated cytotoxicity, antibody-de-
pendent cell-mediated cytotoxicity, and induction of apop-
tosis [2, 8]. It can be used either as monotherapy in low-
grade lymphomas, in addition to combination chemother-
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apy (e.g., R-CHOP for DLBCL, FCR and BR for CLL),
or as maintenance treatment, as in follicular or mantle-cell
lymphoma. In all these applications, rituximab has shown
impressive survival benefits when compared to treatments
used in the “pre-rituximab” era, and R-CHOP now consti-
tutes the standard of care for FL and DLBCL in European
countries.

There are now several newer antibodies that, like ritux-
imab, target the CD20 antigen. They either bind to differ-
ent epitopes of CD20 or with higher affinity than rituximab
[9]. Although these antibodies constitute additional options
for the treatment of lymphomas (in particular in cases of
resistance/progression under rituximab treatment), their ef-
ficiencies are only moderately better than those obtained
with rituximab.

Ofatumumab (Arzerra®)

Ofatumumab binds to a different epitope of CD20 than rit-
uximab [10]. It also binds to CD20 for longer periods of
time. It is given intravenously and slowly to begin with,
and the infusion rate is increased gradually during each
treatment. If the drug is well tolerated, the first full dose
is then applied a week later. Currently, ofatumumab is ap-
proved in chronic lymphocytic leukaemia (CLL) (fig. 1
and table 1).

Figure 1: Mechanisms involved in targeting B-cell lymphoma cells. Traditionally, alkylators and anti-CD20 antibodies have been used for
B-cell ymphoma treatment. Newly developed drugs target intracellular kinases such as BTK or PI3K, proteasomes, BCL-2 molecules, or

HDAC. More recently, modified T-cells (CAR, chimeric antigen receptor), and checkpoint inhibiting monoclonal antibodies have been applied.
An alternative approach in the preclinical phase consists of targeting molecules regulating B-cell migration, such as junctional adhesion mole-

cule C (JAM-C).
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Obinutuzumab (Gazyvaro®)

Obinutuzumab (previously known as GA101) is an anti-
body that has been glycoengineered to bind more tightly to
CD20 than rituximab and at a slightly different but over-
lapping epitope [11]. It is given intravenously and increas-
es the ADCC of targeted B cells. A recent phase-III trial,
comparing head-to-head the effects of rituximab and ofatu-
mumab in untreated follicular lymphoma patients showed
higher PFS rates for Ofatumumab (80% vs. 73.3% for
three-year PFS; HR = 0.66), establishing this drug as a
new option in untreated follicular lymphoma [12]. Current-
ly, obinutuzumab is approved in CLL and follicular lym-
phoma (see table 1 and fig. 1).

Several other antigens on malignant B cells are currently
studied and in pre-clinical or early clinical phases of devel-
opment:

— Epratuzumab, a humanised monoclonal antibody, which
targets the CD22 antigen on mature and malignant B-cells,
has been studied with some encouraging results in follic-
ular lymphoma and diffuse large B cell lymphoma (DLB-
CL) [13], but failed in two phase-III studies in Lupus pa-
tients [14].

— CD37, a transmembrane molecule and member of the
tetraspanin superfamily, has recently gathered renewed in-
terest as a target for NHL and CLL that are resistant or re-
fractory to Rituximab [15, 16].

— CD44 is highly expressed in malignant, inflammatory,
and auto-immunological diseases. Certain isoforms are
found to be associated with aggressiveness in NHL (e.g.,
CD44v6) and the interaction of CD44 isoforms with
hyaluronic acid plays a crucial role in cell invasiveness.
RG7356, a recombinant anti-CD44 humanised mAb, in-
hibits cell adhesion and has been associated with
macrophage activation in preclinical models. The promis-
ing results of a phase-1 trial in relapsed/refractory AML
were reported in 2016 [17]. Clinical studies in NHL are yet
to be completed.

— CD47 is an integrin-associated protein and a ligand for
the phagocytosis-inhibitory receptor SIRP. It is therefore
also recalled as the molecule responsible for the “don’t-
eat-me” signal. Various types of NHL including CLL,
MCL (mantle-cell lymphoma), and FL and DLBCL, over-
express CD47, which correlates with poor prognosis [18].
Targeting CD47 with a blocking antibody or with RNAi
impairs  chemokine-controlled migration, promotes
macrophage-mediated phagocytosis, and prevents dissem-
ination of malignant B cells in xenograft mouse models
[19]. Of particular interest is a bi-specific antibody target-
ing CD47 and CD19 and developed by Novimmune, which
shows significantly higher activity in xenograft mouse
models compared to anti-CD19 Abs alone [20].

Combined treatments that use antibodies to
deliver chemotherapy to lymphoma cells

Some newer antibodies are attached to substances that can
poison cancer cells, and are known as immunotoxins or
antibody-drug conjugates. The antibodies act as homing
devices to deliver the toxins directly to the cancer cells.
One example of this is brentuximab vedotin (Adcetris®),
which is made up of an antibody to CD30 (brentuximab)
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that is attached to the cell poison monomethyl auristatin E
(MMAE). MMAE cannot be given into the bloodstream on
its own because of its potential to affect normal blood cells.
Brentuximab vedotin, on the other hand, can be given as an
intravenous infusion and is approved in classical presen-
tations of Hodgkin lymphoma and in anaplastic large-cell
lymphoma [21, 22] (see table 1 and fig. 1).

Another immunotoxin, known as CAT-3888 (BL22), tar-
gets the CD22 antigen on certain lymphoma cells, and
contains a toxin known as PE38. This drug showed great
promise in treating hairy-cell leukaemia (HCL) in early
clinical trials [23]. A newer version of this drug, known as
CAT-8015 (moxetumomab pasudotox), is now being stud-
ied for use against various subtypes of lymphomas [24].
Possible side effects of treatment with the targeted ther-
apies described above include infusion-related reactions
such as shivers, fevers, and other flu-like symptoms, neu-
tropenia, increased risk of infection, but also tumour-lysis
syndrome and, very rarely, progressive multifocal leukoen-
cephalopathy (PML), a usually fatal neurological compli-
cation caused by the JC virus [25].

Immunomodulators

Immunomodulators have been shown to modulate different
components of the immune system such as altering cy-
tokine production, regulating T-cell co-stimulation, and
augmenting NK cell cytotoxicity. They also exhibit anti-
angiogenic and direct anti-tumour activity, and influence
the bone-marrow microenvironment [26, 27].
Lenalidomide (Revlimid®) has shown clinical efficacy in
different hematologic diseases such as NHL, multiple
myeloma, and myelodysplasia. Currently, approved uses
of lenalidomide in Switzerland for NHL include treatment
of relapsed/refractory MCL [28] (see table 1 and fig. 1).
Third-generation immunomodulators such as pomalido-
mide are still only approved for use in multiple myeloma.
Possible side effects of lenalidomide include loss of ap-
petite and weight loss, infections, low blood counts and,
less frequently, venous thromboembolism.

Proteasome inhibitors

Proteasome inhibitors work by stopping proteasomes in
cells from breaking down proteins important for keeping
cell division under control. They are most often used to
treat multiple myeloma, but can be helpful in treating some
types of NHL as well (table 1 and fig. 1).

Bortezomib (Velcade®) is a proteasome inhibitor that is
used to treat NHL, usually after other treatments have
failed [29, 30]. Although a UK/Swiss phase-III trial (RE-
MoDL-B; NCT01324596) comparing R-CHOP with R-
CHOP-bortezomib in ABC- and GC- subgroups of DLB-
CL did not show any benefits, results in other lymphoma
subgroups are more encouraging. This is particularly the
case with mantle-cell lymphoma, where bortezomib shows
high activity as a monotherapy, and various bortezomib-
containing strategies are currently being evaluated in new-
ly diagnosed as well as in relapsed/refractory patients [31,
32].

Bortezomib is given as an IV infusion or a subcutaneous
injection. Side effects can be similar to those of standard
chemotherapeutic drugs, and frequently include nausea,
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Table 1: Drugs used for the treatment of non-Hodgkin B cell lymphomas.
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ADCC, CDC, direct cyto-
toxicity

(stage Il and 1V) at relapse or refractory to previous
chemotherapy.

Treatment of previously untreated patients with CD20+ fol-
licular lymphoma (stage Ill and 1V) in combination with CVP
or CHOP. Monotherapy for two year maintenance.
Treatment of CD20pos DLBCL in combination with CHOP.
Treatment of previously untreated CLL in combination with
fludarabine and cyclophosphamide.

ANCA-pos vasculitis (We-
gener’s disease)

Drug Swissmedic approved indications for NHL (January Other approved indica- |FDA approved indications in NHL
Mechanism 2017) tions by Swissmedic
Rituximab Monotherapy of patients with CD20+ follicular lymphoma Rheumatoid arthritis For maintenance therapy of untreated CD20pos FL

For CLL.

For CD20pos FL and CD20-pos DLBCL.

Treatment of relapsed or refractory low-grade or follicular
CD20+ B-cell NHL.

Ofatumumab
ADCC, CDC, direct cyto-
toxicity

In combination with alkylating agents for previously untreat-
ed patients with CLL with comorbidities, for whom a treat-
ment with fludarabine is not possible.

Treatment of CLL progressing after

fludarabine, alemtuzumab and rituximab or for patients for
whom these combinations are not adapted.

In combination with chlorambucil, for previously untreated
CLL, when fludarabine-based therapy is considered inap-
propriate.

Extended treatment of patients who are in complete or par-
tial response after at least two lines of therapy for recurrent
or progressive CLL.

For CLL refractory to fludarabine and alemtuzumab.

Obinutuzumab
ADCC, CDC, direct cyto-
toxicity

In combination with chlorambucil for the treatment of previ-
ously untreated CLL with comorbidities.

In combination with bendamustine for follicular lymphoma
refractory to or relapsing after rituximab or a rituximab con-
taining treatment.

Monotherapy for two-year maintenance.

In combination with bendamustine followed by obinutuzum-
ab monotherapy for the treatment of patients with follicular
lymphoma, who relapsed after, or are refractory to, a ritux-
imab-containing regimen.

In combination with chlorambucil for previously untreated
CLL.

modulation and influence
of micro-environment

men

Brentuximab vedotin For refractory or relapsing anaplastic large cell ymphoma |CD30+ HL Post-ASCT consolidation treatment of patients with classi-
Direct cell toxicity cal HL at high risk of relapse or progression.

Revlimid For refractory or relapsing MCL, after previous therapy with | MM MCL whose disease has relapsed or progressed after two
Immuno- bortezomib, chemotherapy and rituximab containing regi- MDS with del5q prior therapies, one of which included bortezomib.

Treatment of MM, in combination with dexamethasone
Transfusion-dependent anaemia due to MDS associated
with a del 5q abnormality with or without additional cytoge-
netic abnormalities.

T-cell mediated cytotoxic-
ity

Pomalidomid Not approved MM For MM after at least two prior therapies including lenalido-
Immuno- mide and bortezomib with demonstrated disease progres-
modulation and influence sion on or within 60 days of completion of the last therapy.
of micro-environment
Bortezomib In combination with rituximab, cyclophosphamide, doxoru- | MM For MCL after at least one prior therapy.
Proteasome-inhibition bicin and prednisone for previously untreated MCL, if not

eligible for ASCT.

Refractory or relapsing MCL (stage Ill and 1V) after at least

one prior therapy and with proven presence of t(11,14) or

cyclin D1 overexpression. Only patients not eligible for AS-

CT should be treated.
Ibrutinib In CLL: first line for unfit patients, for patients with del17 or Accelerated approval for MCL after at least one prior thera-
Inhibition of BTK kinase |p53 mutation, or in second line py.
activity For MCL as second line treatment For WM.

For WM as second line treatment or for patients not eligible For CLL after at least one prior therapy.

for chemo-immunotherapy For CLL with 17p deletion.
Idelalisib Not approved For relapsed CLL, in combination with rituximab, when rit-
Inhibition of PI3K kinase uximab alone would be considered appropriate therapy
activity due to other co-morbidities.

Accelerated approval for relapsed FL or relapsed CLL after
at least 2 prior therapies.

Panobinostat Not approved MM
HDAC inhibition
Temsirolimus Not approved Renal cell carcinoma Not approved by FDA, but approved by EMA for relapsed
mTOR inhibition MCL
Venetoclax Not approved For CLL with 17p deletion, as detected by an FDA-ap-
Bcl-2 inhibition proved test, after at least one prior therapy.
Nivolumab Not approved NSCLC
Checkpoint-inhibition Melanoma
Pembrolizumab Check- |Not approved NSCLC.
point-inhibition Melanoma
ASCT Approved Acute leukaemia, HD
Chemotherapy, direct
toxicity
Allogeneic BMT Approved Acute leukaemia
Chemotherapy, GVL ef-
fect
Therapeutic vaccines Not approved BiovaxIDTM: phase Ill trials completed in follicular lym-
Stimulation of immune phoma.
system
CART cell therapy Not approved Approval for leukaemia/lymphoma expected in 2017
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loss of appetite, low blood counts, and peripheral neuropa-
thy.

Histone deacetylase (HDAC) inhibitors

To control gene expression, the coiling and uncoiling of
DNA around histones must be finely orchestrated. This is
accomplished with the assistance of histone acetyl trans-
ferases, which acetylate the lysine residues in core histones
leading to a less compact and more transcriptionally active
chromatin. Conversely, the actions of histone deacetylases
(HDAC), which remove the acetyl groups from the lysine
residues, lead to the formation of a condensed and tran-
scriptionally silenced chromatin. HDAC inhibitors interact
with histones, which leads to hyperacetylation. This re-
versible modification of the terminal tails of core histones
constitutes the major epigenetic mechanism for remodel-
ling higher-order chromatin structures and controlling gene
expression [33].

Currently, romidepsin (Istodax) and belinostat (Beleodaq)
have been approved for the treatment of peripheral and cu-
taneous T-cell lymphomas, but not yet for the treatment of
B- cell NHL [34, 35].

Kinase inhibitors

Ibrutinib (Imbruvica®) targets Bruton’s tyrosine kinase
(BTK), which is part of an important intracellular sig-
nalling pathway that helps B cells and some lymphoma
cells to survive and to proliferate [36]. Ibrutinib is already
approved in Switzerland for treatment of CLL, MCL and
Waldenstroem’s disease [37, 38] (see table 1 and fig. 1).
An on-going Swiss trial investigates the combination of
ibrutinib with bortezomib in relapsed/refractory MCL
(clinical trial: NCT02356458). Ibrutinib is taken as tablets
once daily. Treatment usually continues until disease pro-
gression or side effects occur. Common side effects include
diarrhoea or constipation, nausea and vomiting, fatigue,
swelling, loss of appetite, and low blood counts.
Acalabrutinib (ACP-196) is a more selective and irre-
versible BTK inhibitor and was specifically designed to
improve the safety and efficacy of first-generation BTK in-
hibitors. In one recent study, this drug was tested in pa-
tients with relapsed CLL, including those with chromo-
some 17p13.1 deletion [39, 40].

Idelalisib (Zydelig) is another kinase inhibitor that blocks
a different kinase called PI3K. This drug has been shown
to be effective in FL and CLL after other treatments have
failed, and is approved for these indications in Switzerland
[41, 42]. 1t is taken orally and usually until disease pro-
gression or side effects occur. Common side effects include
diarrhoea, fever, fatigue, nausea, cough, pneumonia, ab-
dominal pain, chills, rashes and low blood counts. Several
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clinical trials were stopped because of serious infectious
complications [43].

Temsirolimus (Torisel®)

Temsirolimus targets a pathway known as mammalian tar-
get of rapamycin (mTOR) that is implicated in lymphoma
cell division. Although temsirolimus has been shown to
exhibit some effect in relapsed MCL, it is not yet approved
by the FDA, nor in Switzerland [44].

Anti-apoptotic treatments

Anti-apoptotic proteins such as BCL-2 have been shown
to play an important role in the pathophysiology of NHL,
in particular CLL, and blocking BCL-2 can induce apop-
tosis in lymphoma cells [45]. Venetoclax (Venclyxt®) is a
Bcl-2 inhibitor that is already used in the USA for relapsed
CLL harbouring the del17. Approval in Switzerland is still
pending [46].

Checkpoint inhibitors

A promising avenue of clinical research in lymphoma is
the use of immune checkpoint inhibitors. Immune check-
points are molecules in the immune system that either turn
up a signal (co-stimulatory molecules) or turn down a sig-
nal. Many cancers protect themselves from the immune
system by inhibiting T cell activation via the TCR. By
blocking these inhibitory molecules or, alternatively, ac-
tivating stimulatory molecules, checkpoint inhibitors are
designed to unleash or enhance pre-existing anti-cancer
immune responses. Several different checkpoint inhibitors
are currently being tested in clinical trials for patients with
lymphoma (see fig. 1 and table 1): Nivolumab (Opdivo®)
is an anti-PD-1 antibody; pembrolizumab (Keytruda®,
MK-3475), atezolizumab (Tecentriq™, MPDL3280A),
Durvalumab (MEDI473) are all anti-PD-L1 antibodies;
and ipilimumab (Yervoy®) and tremelimumab are anti-CT-
LA-4 antibodies [47, 48]. Particularly promising results
have already been obtained in heavily pre-treated refrac-
tory/relapsed Hodgkin lymphoma with an ORR of nearly
90% [49]. Currently, checkpoint inhibitor antibodies are
not approved for the treatment of NHL in Switzerland.

Bone marrow and peripheral blood stem cell
transplants

Researchers continue to improve bone marrow and pe-
ripheral blood stem-cell transplant methods, including new
ways to collect these cells before the transplant [50].

Autologous transplants run the risk of reintroducing lym-
phoma cells back into the patient after treatment. New and
improved ways are studied to remove residual lymphoma
cells from the stem cells before they are transfused back

Blocking of CXCL12/CX-
CR4 axis

for ASCT

Drug Swissmedic approved indications for NHL (January Other approved indica- |FDA approved indications in NHL
Mechanism 2017) tions by Swissmedic
Plerixafor In combination with G-CSF to improve mobilisation of HSC | MM In combination with G-CSF to mobilise HSC for collection

and subsequent ASCT in patients with NHL and MM

Anti-JAM-C
Inhibition of cell homing
and proliferation

Not approved

ASCT = autologous stem cell transplantation; ADCC = antibody-dependent cytotoxicity; CDC = complement dependent cellular cytotoxicity; CLL = chronic lymphocytic leukaemia;
GVL = graft-versus-leukaemia; MM = multiple myeloma; MDS = myelodysplastic syndrome; NSCLC = non small cell lung carcinoma; WM = Waldenstroem’s macroglobulinaemia;
DLBCL = diffuse large B-cell ymphoma; HL = Hodgkin’s lymphoma; HSC = hematopoietic stem cells
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to the patient. Some of the new monoclonal antibodies de-
scribed above are used in this context [51].

Intense research efforts are also focusing on eliminating
graft-versus-host disease in allogeneic transplants, by al-
tering the transplanted T-cells so that they do not react
with the recipient’s normal cells but still eliminate the lym-
phoma cells [52].

The effectiveness of non-myeloablative (reduced-intensi-
ty) stem-cell transplants in patients with lymphoma is also
being investigated in several studies [53].

Therapeutic vaccines

Unlike vaccines against infections, tumour vaccines are
developed to treat, not to prevent, lymphomas. They are
designed to elicit an immune response against tumour-spe-
cific or tumour-associated antigens in situations where pa-
tients are at a very early stage of their disease or where
the disease is in remission. Some of these vaccines are ad-
ministered intravenously while others are injected direct-
ly into a single lymphoma site (“in-situ vaccination”) with
the aim of inducing an immune response that subsequently
spreads throughout the body to attack lymphoma cells re-
siding elsewhere [54, 55].

Biovax is a vaccine based on the unique immunoglobulin
idiotype expressed on the surface of a patient’s lymphoma
B cells [56]. The vaccine uses the idiotype isolated from
the lymphoma cells, which are obtained during a biopsy.
This tumour idiotype is combined with an adjuvant, a car-
rier protein that boosts the body’s immune response when
the combination is injected into the patient. Clinical trials
in FL and MCL are on-going.

Immunotransplantation, a treatment strategy in which a
vaccine is given in combination with autologous stem-cell
transplantation, is under investigation at Stanford Univer-
sity. In patients with MCL, the lymphoma cells are first
activated with CpG, a toll-like receptor agonist, and then
used as a vaccine when patients are in remission after
chemotherapy. This stimulates the immune system to pro-
duce lymphoma-specific T cells, which are then taken from
the patient and given back along with the stem cells after
high dose chemotherapy [57].

Adoptive T-cell therapy

In adoptive T-cell therapy, T cells are removed from a pa-
tient, genetically modified or treated with chemicals to en-
hance their activity, and then re-introduced into the patient,
often in vastly increased numbers. The T cells then seek
out and destroy the cancer.

One specific form of this approach, “chimeric antigen re-
ceptor (CAR) T-cell therapy”, has been shown in early
clinical trials to be particularly effective at treating B-ALL
and lymphoma. In this strategy, T cells from a patient are
removed and then genetically modified to express a recep-
tor that recognises, independently from the MHC, a par-
ticular antigen found on the tumour cells. This receptor
is called “chimeric” because it consists of a fusion pro-
tein with an extracellular target binding domain derived
from the single-variable fragment of an antibody (scFv),
a spacer domain, a transmembrane domain, and an in-
tracellular signalling domain containing CD3zeta linked
with zero, one or two co-stimulatory domains, such as
CD28 or CD137 [58, 59]. Although highly promising and
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already granted breakthrough therapy designation by the
FDA for relapsed B-ALL and DLBCL, several challenges
to the broad application of CAR-T cell therapy in the fu-
ture remain: (1) tumour editing leading to antigen escape,
thus rendering CAR-T cells ineffective. This has main-
ly been observed in anti-CD19 CAR-T cells in B-ALL.
(2) On-target but off-tumour toxicity since the majority of
CAR targets are tumour-associated antigens that are over-
expressed on tumour cells, but also shared by normal by-
stander cells. Severe and life-threatening toxicities have
been observed, especially in solid tumours. (3) Difficulty
of industrialised production, because of personalised autol-
ogous T-cell manufacture. How to surmount these hurdles
and increase therapeutic safety currently presents the prin-
cipal direction of CAR-T cell-therapy development [60].

Inhibiting B-cell migration and B-cell homing

B cells need the microenvironment of bone marrow,
spleen, lymph nodes or similar niches to survive and to
proliferate [61, 62]. Inhibiting the homing of B cells circu-
lating within the blood stream to these niches could consti-
tute an alternative strategy for the treatment of NHL.
JAMs (junctional adhesion molecules) are cell-surface gly-
coproteins belonging to the Ig superfamily. JAMs are gen-
erally expressed in subsets of leukocytes (e.g., activated
T cells and NK cells) and epithelial and endothelial cells,
where JAM-C is localised at tight junctions of blood and
lymphatic vessels [63]. It binds JAM-B, another member
of the JAM family, and can also establish interactions with
VLA-4 and CD11b/CD18 (Mac-1) integrins on leukocytes
[64—66]. It is well established that JAMs are involved
in the control of vascular permeability, leukocyte
transendothelial migration, angiogenesis, and tumour pro-
gression [67—-69].

In our own laboratories, we have conducted a series of
studies on the expression and function of JAM-C in normal
and malignant B cells. We have shown that a population of
normal B cells expresses JAM-C and that the expression
pattern of JAM-C allows distinction of CD27+ memory
B cells homing to the germinal centres, and from B cells
located outside of the germinal centres, the former being
JAM-Cneg and the latter JAM-Cpos. Furthermore, two
categories of NHL were identified based on JAM-C ex-
pression i.e., JAM-Cneg lymphomas, including CLL, FL,
and DLBCL, and JAM-Cpos lymphomas, including mar-
ginal zone B-cell lymphomas, MCL, and hairy cell
leukaemia [70]. As JAM-C plays a role in neutrophil and
monocyte migration, we have investigated whether JAM-
C is also involved in B-cell migration. With the use of an
in-vivo assay, we were able to show that anti-JAM-C anti-
bodies decrease the homing of B cells to lymphatic organs
(bone marrow, spleen, and lymph nodes). This effect was
complementary to that of an anti-VLA-4 antibody, which
decreased B-cell homing to bone marrow and lymph nodes
but not to the spleen. When JAM-C+ lymphoma B cells
were tested in the same assay, the results obtained were
similar to those achieved with normal B cells, but the inhi-
bition of lymph-node homing was of a higher degree [71].
Subsequently, we have completed in-depth investigation
into the effects of JAM-C on the in-vivo growth and dis-
semination of MCL cells, and have developed a novel, pre-
clinical therapeutic strategy using anti-JAM-C monoclonal
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antibodies [72]. MCL cells were generated in immunode-
ficient NOD/SCID mice by intravenous injection of a hu-
man MCL cell line. Treatment of the mice with an anti-
JAM-C mAbD virtually abolished MCL cell homing to the
spleen, liver, bone marrow, and lymph nodes. This effect
on the homing of MCL cells was accompanied by an effect
on tumour size when mice were treated with the mAb for
several weeks. Therefore, the anti-JAM-C mADbD affects not
only homing of MCL cells but also their proliferation.
Inhibition of MCL cell homing to lymphoid tissue by
blocking the JAM-C molecule with monoclonal antibodies
is a novel and promising strategy to interfere with B-cell
lymphoma development.

A second approach aiming at influencing B-cell migration
centres on the chemokine/receptor CXCL12/CXCR4 axis.
The chemokine CXCL12 signals through its receptor CX-
CR4, which are expressed by normal and malignant cells
of hematopoietic lineages. Data from knockout mice in-
dicate that the CXCR4 plays an important role in
haematopoiesis, in particular in the homing and retention
of haematopoietic progenitor cells in the microenviron-
ment of the bone marrow [73]. Overexpression of CXCR4
has been found in 75% of cancers, including leukaemias
and lymphomas. This receptor plays a critical role in B-
cell migration into the bone marrow where CXCL12 is ex-
pressed and where B-cell growth and survival is supported.
Furthermore, blockade of the CXCL12/CXCR4 axis was
shown to attenuate tumour growth in multiple myeloma tu-
mour models. It was also associated with treatment resis-
tance, notably in AML, where the resistance of residual,
post-chemotherapy blasts to additional chemotherapeutic
agents constitutes a major problem [74].

Plerixafor (Mozobil) is a small molecule antagonist of CX-
CR4 that mobilises hematopoietic stem cells into the
bloodstream. It was approved by the FDA in 2008 for ad-
ministration in combination with granulocyte colony-stim-
ulating factor to enhance the mobilisation of stem cells to
the peripheral blood supply for collection and subsequent
autologous transplantation in patients with lymphoma and
multiple myeloma. Over the past few years, clinical trials
have been initiated using several CXCR4 antagonists (pler-
ixafor as well as mAbs) in patients with haematological
malignancies in combination with anticancer drugs [75]. In
particular, plerixafor and the IlgG4 mAb BMS-936564 are
now undergoing phase I and phase II clinical trials for sev-
eral indications, including NHL and CLL, multiple myelo-
ma, and AML [76-78].

Other examples of anti-tumour activity operated by in-
hibitors of cell migration include:

— CD44, a multifunctional cell surface glycoprotein that
binds to Hyaluronan, a non-sulphated glycosaminoglycan
distributed throughout the extracellular matrix. Studies
have shown that binding of Hyaluronan to CD44 in cancer
cells activates survival pathways resulting in cancer-cell
survival [79]. This effect can be blocked by anti-CD44
monoclonal antibodies. A6, a peptide derived from the
human serine protease urokinase plasminogen activator
(uPa), binds to CD44. This results in the inhibition of mi-
gration, invasion, and metastasis of tumour cells [80]. Re-
cently, A6 has also been shown to be directly cytotoxic for
CLL B-lymphocytes expressing the kinase ZAP-70 [81].
In an established CLL xenograft model, A6 treatment re-
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sulted in 80- 90% reduction in CLL burden [82]. Clinical
trials in CLL are expected to start in the near future.

— Bruton’s tyrosine kinase (BTK), a key component of the
BCR pathway, which mediates B lymphocyte adhesion and
survival [83]. BTK also plays a role in chemokine (such
as CXCL12) -controlled B-cell chemotaxis and homing
[84]. Tbrutinib suppresses these activities, as well as mi-
gration of lymphocytes beneath stromal cells (pseudo-em-
peripoiesis). In-vitro studies with MCL have shown that
Ibrutinib treatment leads to loss of adhesion and migratory
ability on stromal cell layers [85]. These observations
could explain why lymphocyte numbers increase in periph-
eral circulation after Ibrutinib administration.

— CCR7, a chemokine receptor that is expressed on naive
and memory lymphocytes and mature dendritic cells. It
allows B lymphocytes to respond to the CCR7 ligands
CCL21 and CCL19 produced in secondary lymphoid or-
gans, and to enter survival niches through the endothelium
of high-endothelial venules [86]. Consistent with their
lymphoid origin, many leukaemias and lymphomas ex-
press CCR7 [87], and it was shown that CCR7 plays a ma-
jor role in the migration and nodular dissemination of cer-
tain NHL, including CLL and MCL [88]. In a NOD/SCID
xenograft mouse model, anti-CCR7 mAb’s drastically in-
creased survival of the mice by nearly abrogating dissem-
ination and infiltration of tumour cells in lymphoid and
non-lymphoid organs, including the lungs and central ner-
vous system [89].

In conclusion, a multitude of novel molecular targets have
been discovered recently and new treatment strategies have
been developed. This is urgently needed because lym-
phomas still remain mostly incurable diseases that de-
crease the life expectancy of patients. The main challenge
in the coming years will be to bring these preclinical dis-
coveries to the bedside and to incorporate them into tradi-
tional treatment approaches.
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