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Abstract

Abstract

Rituximab, a chimeric 1gG1x anti-CD20 monoclonal antibody, was first to be
approved for treatment of B-cell lymphoma in 1998 after clinical studies had
shown dramatic improvement in outcome of virtually all B-cell lymphoma
patients when Rituximab was combined with chemotherapy. Notwithstanding
the enormous success of Rituximab in treating patients with B-cell lymphoma, a
substantial number of patients show no or suboptimal responses to rituximab or
become refractory after initial treatment. Therefore, the search for new

potentially more potent antibodies targeting malignant B cells continues.

The aim of this work was to develop general strategies how anti-B-cell antibodies
can be evaluated most effectively and how the efficacy of different and new anti-
B-cell antibodies (namely obinutuzumab, ofatumumab and Bl 836826) can be
compared with rituximab in vitro. Using healthy donor and patient NK cells
isolated from peripheral blood as effector cells and various cell lines mimicking
the most frequent lymphoma subtypes as target cells different functional assays
based on the mechanisms of action of anti-B-cell antibodies were established:
the CD 107a degranulation assay and the Europium release assay for antibody-
dependent cellular cytotoxicity (ADCC), Pl staining cell death assay for
complement-dependent cytotoxicity (CDC), and the Annexin V / Pl staining assay
for programmed cell death (PCD). We also looked at immune synapse formation
(ISF) and homotypic aggregation (HA) as early events when effector cells target

tumor cells.

We show that performing one assay for ADCC and one assay for CDC with
healthy donor cells as effector cells and cell lines SU-DHL-4 and OCY-Ly 10 as
target cells give representative results allowing to gain reliable insight into the
potency of old and new anti-B-cell antibodies. The use of patient effector cells as
well as more cell lines or patient lymphoma cells as target cells can be restricted
to antibodies which show promising results in the assays mentioned above.
Immune synapse formation and homotypic aggregation showed substantial

differences when various antibodies were investigated. Because no comparative
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results using these methodologies so far exist, elucidating the role of these

assays will need further experimentation.

Obinutuzumab, a third generation type Il anti-CD 20 antibody, and Bl 836826, a
new Fc-engineered anti-CD 37 antibody, showed significantly stronger ADCC and
PCD than established antibodies. The type | antibodies ofatumumab and
rituximab performed better in CDC. Bl 836826 showed moderate results in CDC
and induced strong cytoskeleton polarization in ISF compared with other
antibodies. The promising in vitro results with obinutuzumab were recently
confirmed in clinical studies and led to licensing of this antibody for treatment of
lymphoma. Bl 836826 is another promising candidate anti-B-cell antibody which

is being investigated in phase | clinical studies.

Comparative in vitro testing of anti-B-cell antibodies can be effectively done
using a limited array of functional tests. These assays will allow to predict which
antibodies can be considered promising candidates to enter the much more

laborious and expensive sequence of clinical studies.
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Zusammenfassung

Rituximab, ein chimarer monoklonaler IgG1ly anti-CD 20 Antikérper, wurde
bereits 1998 als erster Antikdrper weltweit fir die Behandlung maligner B-Zell
Lymphome zugelassen, nachdem klinische Studien eine dramatische
Verbesserung des Uberlebens praktisch aller mit Rituximab (und Chemotherapie)
behandelter Patienten mit B-Zell Lymphomen ergeben hatten. Trotz der
enormen Behandlungserfolge mit Rituximab spricht ein nicht unbedeutender
Prozentsatz von Patienten mit B-Zell Lymphomen nicht oder nur unzureichend
auf die Behandlung an oder wird im Laufe der Therapie refraktdr. Aus diesem

Grund geht die Suche nach neuen, potentiell besseren Antikorpern weiter.

Ziel dieser Arbeit war es, allgemeine Strategien zu entwickeln wie anti-B-Zell
Antikorper moglichst effektiv untersucht werden kénnen und wie verschiedene
neue anti-B-Zell Antikérper (Obinutuzumab, Ofatumumab und Bl 836826) in vitro
mit Rituximab verglichen werden kénnen. NK-Zellen von gesunden Spendern
oder Patienten wurden als Effektorzellen, Zelllinien oder frisch gewonnene
Lymphomzellen von Patienten als Zielzellen fiir verschiedene Assays untersucht,
die die wesentlichen Wirkungsmechanismen von anti-B-Zell Antikérpern
reflektieren: der CD 107a Degranulierungs-Assay und der Europium Assay um die
Antikorper-vermittelte Zytotoxizitdat (ADCC) zu messen, der Pl staining cell death
Assay um die Komplement-vermittelte Zytotoxizitat und der Annexin V / PI
staining Assay um den programmierten Zelltod zu untersuchen. AuBerdem
wurde die Ausbildung der Immunsynapse und die homotypische Aggregation als

friihe Ereignisse einer zelluldr vermittelten Immunantwort untersucht.

Wir zeigen, dass ein ADCC Assay und ein CDC Assay unter Verwendung von
gesunden Spenderzellen als Effektorzellen und zweier Zelllinien (SU-DHL-4 und
OCl-Ly 10) als Zielzellen ausreichen, um einen verlaBlichen Einblick in das
Potenzial verschiedener anti-B-Zell Antikérper zu bekommen. Der Einsatz von
Effektorzellen, die vom Patienten stammen, kann ebenso wie die Verwendung
weiterer Zelllinien oder gar von Patientenlymphomzellen als Zielzellen auf die
Falle beschrankt bleiben, in denen die ersten Tests erfolgversprechend waren.

Die Ausbildung von immunologischen Synapsen und die homotypische
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Aggregation zeigten sehr unterschiedliche Ergebnisse, je nachdem welcher
Antikorper verwendet wurde. Da bisher keinerlei vergleichende Untersuchungen
vorliegen, bleibt abzuwarten, welche Bedeutung diesen Beobachtungen

beizumessen ist.

Obinutuzumab, ein Typ Il Antikorper der dritten Generation, und Bl 836826, ein
neuer anti-CD 37 Antikorper, dessen Fc Teil zur Steigerung der Effektivitat
genetisch manipuliert wurde, zeigten gegeniber etablierten CD20 Antikdrpern
eine erheblich gesteigerte Wirksamkeit in den Tests, die ADCC und PCD messen.
Die alteren Typ | Antikdrper Ofatumumab und — in geringerem Ausmal —, auch
Rituximab, zeigten eine effektivere Komplement-vermittelte Zytotoxizitat. Bl
836826 zeigte im Vergleich zu anderen Antikdrpern eine maRige Komplement-
vermittelte Zytotoxizitdt und eine starke Polarisation der Zellgeriststrukturen
(cytoskeleton). Die vielversprechenden in vitro Ergebnisse mit Obinutuzumab
fanden kirzlich ihre Bestatigung in entsprechenden klinischen Studien, die zur
Zulassung von Obinutuzumab zur Therapie bestimmter Lymphome gefiihrt
haben. Bl 836826 ist ein neuartiger anti-CD 37 Antikérper, dessen frihe klinische

Prifung (Phase I) aufgrund der positiven in vitro Tests derzeit lauft.

Die vergleichende experimentelle Untersuchung verschiedener anti-B-Zell
Antikorper mit Hilfe weniger gut ausgewahlter Standard Assays ist moglich. Diese
in vitro Untersuchungen erlauben eine zuverldssige Vorhersage, welche der
getesteten Antikorper erfolgversprechend erscheinen, sodass eine wesentlich

komplexere und teurere klinische Prifung gerechtfertigt erscheint.
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Introduction 1

1 Introduction

1.1 Lymphoma

1.1.1 Definition

Lymphoma is a group of blood cell tumors arising from lymphoid tissues.
Different lymphoma subtypes are thought to represent the malignant clonal
counterpart of distinct stages of maturation normal lymphocyte progenitors
regularly undergo in bone marrow, thymus, lymph nodes and other lymphatic
organs (spleen and liver) before entering the circulation and tissues to cooperate
with other immune cells in order to mount cellular and humoral immune
responses against a plethora of infectious and toxic agents jeopardizing the
integrity of the human body. Because we exclusively investigated B-cell
antibodies and compare their mechanisms of action and therapeutic potential in
vitro all further presentation focuses on selected aspects of B-cell development
as well as the characterization of normal B-cells and B-cell ymphoma necessary
to understand the background of the experimental work. The treatment of T-cell

lymphoma and some rare B-cell disorders is presented in the additional sections.

1.1.2 Pathophysiology of B-cell ymphoma

Figure 1 depicts different stages of normal B-cell differentiation and their
relationship to the major subgroups of B-cell neoplasms. The lower part of Figure
1 assigns the most frequent B-cell lymphoma subtypes (diffuse large B-cell
lymphoma, DLBCL; follicular lymphoma, FL; and mantle cell lymphoma, MCL) to
distinct stages of normal B-cell development. While MCL is thought to derive
from pre-GC (germinal center) B-cells, FL and some cases of DLBCL are GC
neoplasms. Other cases of DLBCL are believed to derive from cells which have
already passed the GC (post-GC neoplasms). The allocation of different B-cell
lymphomas to more immature or mature stages of B-cell differentiation has
multiple implications ranging from diagnosis to treatment of these disorders

including the use of monoclonal antibodies. We chose MCL, FL and DLBCL as
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targets for our investigations because these subtypes cover more than two thirds

of B-cell disorders and all stages of B-cell development.

Central lymphoid tissue

Peripheral lymphoid tissue

Precursor B-cells

Peripheral (mature) B-cells

Bone marrow

Interfollicular area Follicular area Perifollicular area

Progenitor
B-cell

©
’
©
Y

Long-lived plasma cell

G ™

Naive

e s

Extrafollicular Memory B-cells

<+
B-blast Marginal zone
Pre-B-cell
4
Immature O
B-cell g 3
Short-lived \ Antigen /
/ plasma cell anas t /
entroblas ’
1 = -
Apoptotic ! -
B-cell 1
A\ =
A Y - I -
Precursor B cell neoplasms Pre-GC neoplasm GC neoplasms Post-GC neoplasms
B lymphoblastic Mantle cell lymphoma Follicular lymphoma Burkitt Marginal zone & MALT lymphomas
leukaemia/lymphoma lymphoma DLBCL (some) Lymphoplasmacytic lymphoma
Hodgkin lymphoma CLL/SLL, DLBCL (some)

Plasma cell myeloma

Fig. 1 B-cell differentiation and the respective lymphoma subtypes.*

1.1.3 Epidemiology

Non-Hodgkin Lymphoma (all lymphoma subtypes excluding Hodgkin lymphoma)

is the 11th most common cancer worldwide with more than 199,000 deaths

reported in 2012.

%2 The annual number of new cases (incidence) in Germany is

estimated at 8.5 per 100,000 persons at age-standardized rate.” Men are

affected slightly

more than women with great variation among different
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subtypes. The disease can occur at any age but the incidence generally increases

with age; again, important exceptions can be found for certain subtypes.

1 Diffuse large B-cell 37%

M Follicular 29%

= mantle cell lymphoma 7%
= MALT lymphoma 9%

® CLL/SLL 12%

& Primary med large B-cell 3%
@ High Grade B, NOS 2.5%

o Burkitt 0.8%

® Splenic marginal zone 0.9%
& Nodal marginal zone 2%

« Lymphoplasmacytic 1.4%

Fig. 2 Relatively frequencies of different B-cell lymphoma subtypes.*

1.1.4 Characterization of DLBCL, FL and MCL

1.1.4.1 Diffuse large B-cell ymphomas (DLBCL)

About one third of all B-cell lymphomas are DLBCL (Figure 2). DLBCL is a
heterogeneous group of aggressive lymphomas which usually present with
rapidly growing tumor masses at single or multiple nodal or extranodal sites.
Microscopically, the tumor cells are large, and often are replicating." Common

morphologic variants include a centroblastic, immunoblastic and anaplastic
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subtype. DLBCL usually express the B-cell antigens CD 19, CD 20, CD 22 and CD
79a but may also lack one or the other surface marker. Translocations of the bc/
2 and bcl 6 genes occur in 20 — 30 %, MYC rearrangement is diagnosed in about
10 % of cases.! Gene expression profiling (GEP) identified 2 major subgroups of
DLBCL. One subgroup shows the profile of germinal center B — cells (GCB-like,
40 — 50 %) the other subtype has the profile of activated peripheral B-cells (ABC-
like).>* Patients with MYC translocations and especially patients with “double hit”
lymphoma (MYC and bcl 2 break) are said to have a poor prognosis™® although
recent data from large prospective studies suggest that the prognostic
implications may have been overestimated.” DLBCL occur more frequently with
increasing age; the median age at diagnosis is about 64 years with almost equal
distribution between males and females. Nowadays, depending on the risk factor
profile, sixty to more than ninety percent of patients with DLBCL can be cured.
Treatment typically consists of a combination of rituximab and chemotherapy,
mostly the CHOP regimen (see below). Best results are obtained in younger
patients with localized disease® but also young high-risk patients’ and elderly

patients10 do reasonably well with modern immunochemotherapy.

1.1.4.2 Follicular lymphoma (FL)

Follicular lymphoma accounts for approximately 20 % of all lymphomas (Figure 2)
with the highest incidence in the US and Europe; it is less frequent in Asia. The
median age at diagnosis is around 65 years with a male to female ratioof 1: 1.7.
It is defined as a lymphoma of follicle center B-cells (centrocytes and centroblasts)
which show an at least partly follicular growth pattern in the lymph node. It is
positive for the B cell markers CD 10, CD 19, CD 20, CD22 but almost always
negative for CD5. The most common genetic alteration in follicular lymphoma is
a balanced translocation t (14:18) (q32; g21) with deregulation of bcl 2. This
translocation is not detected in all patients, and it is not specific for follicular
lymphoma. FL occurs in any lymph node site as well as in the bone marrow. FL
often does not need treatment at diagnosis (watch and wait policy). If treatment
becomes necessary because of growing lymph nodes, impairment of
hematopoiesis, or B-symptoms, like drenching night sweats, fever, or weight loss,
a combination of rituximab and chemotherapy is used. In contrast to DLBCL, the

chemotherapy is more variable and may consist of monotherapy (bendamustine)
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or various forms of polychemotherapy (CHOP, CVP, FC).}* Maintenance therapy is

recommended to prolong survival.

FL still is thought to be not curable but modern treatment keeps patients alive
for decades. New targeted therapies (Ibrutinib, Idelalisib)***® were recently
approved and will further improve long-term outcome of these patients. FL thus
has changed from an acute life-threatening illness to a chronic disease which like
diabetes mellitus will potentially need life-long therapy but will no longer kill the

patient.

1.1.4.3 Mantle cell lymphoma (MCL)

Mantle cell lymphoma is a rarer subtype of B-cell ymphoma representing about
7% of all lymphoma subtypes (Figure 2). It preferentially occurs in patients in
their sixties with a marked male preponderance (about 2 : 1 or greater). Mantle
cell lymphoma is a clinically aggressive lymphoma although a rare indolent
subtype also does exist. Remarkably, about 25 % of cases show extranodal
involvement (bone marrow, gastrointestinal tract). Microscopically, MCL is a
monomorphic lymphoid proliferation with nodular, diffuse, mantle zone or rarely
follicular growth pattern. Immunohistochemically, MCL cells are surface IgM /
IgD positive and express CD5, FMC-7, and CD 43; CD 23 is negative or weakly
positive. MCL cells generally over-express cyclin D1 due to the translocation t(11;
14)(q13;932)."*** The prognosis of mantle cell lymphoma is still poor. However,
treatment including rituximab, cytosine-arabinoside and high-dose therapy
followed by autologous stem cell transplantation has significantly improved the
prognosis over recent years.'® With such therapy, the progression-free survival at
six years increased to 66 %. Like in FL new more specific drugs have recently
become available; it is currently not possible to judge how these therapies will

impact on the survival of patients with MCL.
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1.1.5 Diagnosis

Lymphoma may be suspected if patients report on mostly painless enlargement
of lymph nodes, so called B-symptoms (night sweats, fever, or weight loss), or
other non-specific complaints like fatigue, nausea or increased susceptibility to
infections. Because almost any organ of the human body may be affected by
lymphoma the initial symptoms can be manifold and often misleading. In the end,
any prolonged (< 4 weeks) swelling of lymph nodes which cannot be explained by
an infectious disease or another underlying disorder known to cause the
respective symptoms must trigger the exstirpation of an enlarged lymph node or
a biopsy of any other organ involved which then should be examined by an
experienced hematopathologist. Morphology, imunohistochemistry, cytogenetic
and molecular methods are necessary to diagnose one of the many subtypes of
lymphoma which have been described to date.! A precise diagnosis is of
paramount importance as treatment is becoming more and more specific for
certain lymphoma subgroups. In some cases, targeted therapies addressing
aberrations in normal molecular pathways regulating cellular proliferation or cell
death are already available. Comprehensive modern diagnostics in order to
confirm the presence of a specific molecular lesion is a prerequisite before

treatment with any of these drugs is initiated.

1.1.6 Treatment

The cornerstones of treating lymphoma are radiotherapy, chemotherapy,
monoclonal antibodies, transplantation and more recently small molecules. In
many instances a combination of these modalities will be necessary to ultimately
destroy the tumor cells and put patients into long-term remission and hopefully
cure. Besides a correct histopathological diagnosis a number of clinical
parameters (age, performance status, stage, involvement of extranodal organs),
conventional blood tests, radiographic imaging in order to define the extent of
disease, and molecular markers are used to characterize the disease and
segregate patients into so called risk groups. In general, high-risk patients with
more advanced disease will need more aggressive treatment which
unfortunately also puts them at higher risks for acute and long-term side effects
of therapy (e.g. secondary malignancies, organ damage). A more detailed

description of treatment strategies for patients with B-cell lymphoma has been
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published separately by our group.’ It is beyond the scope of this work.
Therefore, we restrict the description of therapeutic principles to patients with

DLBCL, FL and MCL particularly addressing the role of anti-B-cell antibodies.

1.1.6.1 Radiotherapy

Radiotherapy at fixed doses (20-40 Gray) to lymph nodes or areas involved with
disease can be very effective. Nowadays, in patients with B-cell lymphoma the
role of radiotherapy is rather limited; in many countries of the Western world it
is no longer recommended at all. In Germany, radiotherapy continues to be used
in order to control lesions in patients with very limited spread of disease (stage 1),
with bulky disease (any lymphoma manifestation > 7.5 cm or 10 cm in diameter)

or with extranodal disease (e.g. bone) (Figure 3).*®

Fig. 3 Radiotherapy of involved field (left neck).
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1.1.6.2 Chemotherapy

Chemotherapy still is the backbone of all therapy administered to patients with
lymphoma. Chemotherapeutic agents directly interfere with patient DNA / RNA
and by different and complex mechanisms lead to DNA damage which ultimately
can kill the tumor cell. Because not only tumor cells but all fast growing tissues of
the human body are hit it was essential to find ways how to minimize side effects
of chemotherapy but at the same time increase efficacy. It was a major step
forward when McKelvey et al*® in 1976 described a combination chemotherapy
regimen named CHOP. This regimen not only improved the efficacy of single
chemotherapeutic agents by exploiting the different modes of action of
cyclophosphamide, adriamycin, vincristine, and prednisone (CHOP) but also
allowed for better tolerance of polychemotherapy by choosing a combination of
drugs with non-overlapping toxicities to normal organs. For many patients with
lymphoma CHOP or one of its variants which have been developed over time still
form the mainstay of therapy. Alternative regimens and combinations have been
developed but the principle introduced by McKelvey et al. remains valid until

today.

Fig. 1 CHOP regimen.19

Drug Dose Unit way given Schedule
Cyclophosphamide 750 mg/m? i.v. day 1
Vincristine 1,4 mg/m? i.v. day 1
Adriamycin 50 mg/m? i.v. day 1
Prednisone 100 mg abs p.o. day 1--5

6-8 courses with 2 — 3 week time intervals are administered.
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1.1.6.3 Stem cell transplantation

Two different transplantation modalities are in clinical use since the early
description of autologous and allogeneic transplantation in the seventies and
eighties of the last century. The term autologous stem cell transplantation
actually describes a procedure consisting of high-dose chemotherapy (HDT)
followed by transfusion of autologous (the patient’s own) hematopoietic stem
cells which have been harvested from blood, frozen and kept in liquid nitrogen
until thawing and re-infusion to the patient. Very high doses of
chemotherapeutic agents are used to kill the tumor cells; the infusion of
hematopoietic stem cells then is necessary to counteract the irreversible bone
marrow aplasia induced by such high doses of cytotoxic agents which would lead
to life-threatening infections and bleeding if the patient’'s marrow function
would not be timely rescued by the infusion of hematopoietic stem cells. HDT /
ASCT is regularly used in patients with relapsed lymphoma in order to improve

tumor control and survival compared to conventional salvage chemotherapy.

Allogeneic stem cell transplantation also uses high doses of chemotherapeutic
agents (conditioning) prior to transplantation of hematopoietic stems which in
these cases, however, are donated by human leukocyte antigen (HLA)-identical
family or unrelated donors. In addition to the effects of chemotherapy preceding
the transplant the unique mechanism of action of allogeneic transplantation has
been described as the graft-vs-tumor effect: ° donor T-lymphocytes transplanted
with the hematopoietic stem cells recognize allo-antigens on the surface of the
patient’s tumor cells and kill these cells by initiating a cellular immune response.
Allogeneic stem cell transplantation is currently being used to treat lymphoma
patients with advanced disease (relapse after conventional salvage or high-dose

therapy or progression under therapy).21

1.1.7 Clinical outcomes

First-line therapy of DLBCL, FL or MCL is depending on patient’s age and the

extent of disease found to be present at diagnosis. Chemotherapy alone (e.g.
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CHOP) can induce remissions in varying fractions of patients but most of these
remissions are short-lived (months to few years). Results obtained with CHOP in
patients with advanced DLBCL compared to other chemotherapy regimens used
20 years ago have been described by Fisher et al.?> Overall survival after 3 years
was around 50 %. For patients with MCL OS with conventional chemotherapy
alone was reported to be around 75 % at 2 years,? for patients with FL OS was

around 90 %.**

With the advent of rituximab, the first anti-CD 20 antibody used in man to treat
patients with B-cell ymphoma PFS and OS significantly improved in all types of B-
cell lymphoma. When rituximab was combined with CHOP chemotherapy the
improvement seen when compared to CHOP therapy alone depended on the
lymphoma subtype and prognostic subgroup. In general, improvement in OS was
between 10 and 20 %. (Figure. 4)*®'° This substantial survival advantage caused
clinicians to integrate rituximab into all current treatment regimens for all B-cell
lymphomas including DLBCL, FL and MCL.
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Fig. 4 Overall survival among 399 patients assigned to chemotherapy with CHOP or
with R-CHOP.”
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1.2 Monoclonal B-cell antibodies

Monoclonal antibodies (mAbs) first described by Kéhler and Milstein in 1976°°
and previously used for diagnostic purposes only entered the clinical arena about
16 years ago when first reports on successful treatment of relapsed or refractory
lymphoma patients with rituximab were published.?” Following this and other
reports rituximab mostly in combination with chemotherapy became the
standard of care for all patients with DLBCL, FL, MCL and other B-cell

malignancies.

During the last decade a number of other monoclonal antibodies mostly
targeting the CD 20 antigen became clinically available. These antibodies
recognize other antigens on B-cells (CD 19, CD 22, CD 37). Because these
antibodies like the CD-20 antibodies, rituximab, ofatumumab and obinutuzumab,
need patient effector cells and / or patient serum in order to show therapeutic
efficacy, they are called ““naked” antibodies. In contrast to naked antibodies,
anti-CD 20 antibodies linked to radioisotopes (*°Y-labelled ibritumomab

tiuxetan®®, *!|-labelled tositumomab?®®) and anti-CD 22 or anti-CD 79 antibodies

coupled to cytotoxic agents3°'31

use radio- or chemo- therapy to induce anti-
lymphoma effects. Such antibodies direct the cytoxic agent to the tumor cell
where irradiation or chemotherapeutic moieties destroy the malignant cell
without the necessity of patient functional effector mechanisms of action.
Because only small quantities of irradiation or the cytotoxic agent are released
into the circulation, these drugs are generally better tolerated than systemic
chemotherapy. Unfortunately, it is still unclear if labeled antibodies confer
survival advantages to patients with B-cell malignancies as compared to
unlabeled antibodies. Although a number of labeled and unlabeled antibodies
targeting the CD 20 or other B-cell epitopes have been developed and some have
been licensed for treatment of lymphoma, rituximab currently remains the gold
standard to treat B-cell lymphoma. New antibodies are in clinical trials in order

to demonstrate superior efficacy as compared to rituximab.
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Table 2 shows a list of therapeutic mAbs for B- cell ymphoma as approved by the
American Food and Drug Association (FDA). A number of other therapeutic
antibodies are currently in early- to late-stage clinical trials. The development of
candidate mAbs for the clinic involves a complex process of scientific and
preclinical evaluations that include identification of the physical and chemical
properties of the antibody, a detailed specificity analysis of antigen expression,
the study of the immune effector functions and signaling pathway of the
antibody, the analysis of in vivo antibody localization and distribution in
transplanted or syngeneic tumor systems, and the observation of the in vivo
therapeutic activity of the antibody in animal models.** Evidence from clinical
trials of antibodies in cancer patients has revealed the importance of iterative

approaches for the selection of antigen targets and optimal antibodies.

Interestingly, with few exceptions the combination of chemotherapy with
rituximab or other monoclonal antibodies showed much better clinical results
that the administration of antibody alone. This phenomenon has recently been
explained by the better accessibility of target structures by antibodies after

3 Although the combination of rituximab and

exposure to chemotherapy.
chemotherapy dramatically improved survival rate of patients with B — cell
lymphoma, there are still patients showing no response to
chemoimmunotherapy or who relapse shortly thereafter. Salvage therapy of
patients with relapsed or refractory B- cell lymphoma is much less successful
than first-line therapy and failure to rituximab and chemotherapy is common.

Therefore, the search for new and better antibodies continues.
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Table 2 Monoclonal antibodies currently FDA-approved in hematological malignancies and their mechanisms of action

32,34,35

Antibody Target antigens Types FDA-approved indication

Rituximab CD20-positive B cell NHL and CLL, and

(Mabthera; Roche) CD20 chimeric 1gG1 maintenance therapy for untreated follicular

! CD20-positive NHL
Ofat b
atumuma CD20 human IgG1 CLL refractory to fludarabine and alemtuzumab

(Arzerra; Genmab)

Obinutuzumab in combination with chlorambucil for the

(Gazyva; Roche) CD20 humanized 1gG1 treatment of patients with previously untreated

. chronic lymphocytic leukemia

0Y-labelled ibritumomab tiuxetan D20 e 1661 Relapsed or refractory, low-grade or follicular B
murine Ig

(Zevalin; IDEC Pharmaceuticals) cell NHL

131]-labelled tositumomab — S CD20 antigen-expressing relapsed or refractory,
murine Ig

(Bexxar; GlaxoSmithKline)

low-grade, follicular or transformed NHL
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1.2.1 B cell differentiation and clusters of differentiation (CD)

Various B cell differentiation antigens are expressed at certain stages of B cell
ontogeny. Following international agreement cell surface molecules including
those detected on human B-cells are classified according to clusters of
differentiation (CD).>® Five major subgroups have been defined for human B cell
antigens detected by means of monoclonal antibodies. Antigens which appear
before the cytoplasmic positive pre-B cell and which are lost at or just before the
plasma cell stage like the CD19 and the CD20 molecule are called pan-B cell

37-39

antigens. The second group of antigens consists of antigens which are

expressed on resting B cells and are lost during activation. Surface expressed IgD,

40-43

CD21 and CD22 are major representatives of this group. The third group of
antigens is expressed only after activation of B cells like the CD23 antigen.** The
fourth group of antigens appears only at terminal stages of B cell differentiation
(PCA-1, and PC-1).">*® Finally, the fifth group includes those antigens which are
expressed at several, short stages of B cell differentiation like, e.g., the cALL
antigen (CD 10).*” Figure 5 schematically demonstrates the appearance and loss

of antigens on developing B-cells according to their maturation status.

Bone Marrow Germinal center Periphery
Hematopoietic Immature Mature Memory Plasma
stem cell Pro-8 Pre-8 (naive) B cell cell

igM
~®-@- @®- ®-
IgM
CD19+
CD20+
CD21+
CD22+
g
CD23+
EEER
PCA-1
E B EEEEENI]
CD 10+
EEEEEEREERE

Fig. 5 Five major subgroups of human B cell antigens during B cell differentiation.>”*’
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1.2.1.1 The human CD 20 antigen

The human CD 20 molecule is expressed at early stage of B-cell development and
lost upon differentiation of B cells towards plasma cells.*”** The CD 20 antigen is
a transmembrane cellular, non-glycosylated phosphoprotein of 33 to 35kDa

which in some important aspects is different from other B cell antigens.

It is an ideal target for antibody therapy because CD20 is not expressed on
hematopoietic stem cells thereby avoiding the risk of irreversible marrow aplasia
resulting from treatment with anti-CD 20 antibodies.”® Moreover, CD20 is not
expressed on plasma cells meaning that antibody therapy not significantly
decreases immunoglobulin production. Therefore, the propensity to infections
expected after treatment with rituximab and other anti-CD 20 antibodies turned
out to be mild and mostly easily manageable. Other advantages of targeting
CD20 are that CD20 does not circulate in the plasma,® is not shed from the cell
surface probably because it is deeply anchored in the cell membrane with a very
short extracellular segment (43 residues between 3" and 4™ transmembrane
region).52 It is also not internalized into the B-cell after antigen-antibody binding
and therefore appears an ideal target for the recruitment of effector cells
expressing Fc gamma receptors.53 It means that therapeutic CD 20 antibodies can
be expected to durably attach to the surface of the lymphoma cell, recruit
immune effector cells and mediate sustained cell kill. Figure 6 shows the
structure and topology of CD20 and the epitopes recognized by monoclonal

antibodies currently FDA approved.®

Although CD20 is the most frequently antibody targeted antigen in general, its
exact function is still unknown. It has no known ligand, and CD 20 knockout mice
display an almost normal phenotype.®*>® Thus, most of our current
understanding about this antigen comes from predictions based upon the gene
and protein structure. In vitro studies showed a role for CD 20 as a store-
operated calcium channel following ligation of the B cell receptor. It is likely to be
involved in the generation and regulation of calcium flux transduced by other

receptors.”® One of the proximal effects induced following ligation of CD20 with
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type | mAb is its redistribution in the plasma membrane. It leads to the formation

of lipid rafts which are recognized as signaling platforms.*®>’

rituximab / ibritumomab /tositumomab
epitope

obinutuzumab
epitope

ofatumumab
epitope

Fig. 6 The structure and topology of CD20 and the epitopes recognized by FDA
approved mAb.>*

1.2.1.2 The human CD 37 antigen

CD37 antigen is a protein which in humans is encoded by the CD37 gene. The
protein encoded is a member of the transmembrane 4 superfamily, also known
as the tetraspanin family, and is highly expressed on B cells during the pre-B to
peripheral mature B-cell stages. Low level expression has been reported on T-
cells, granulocytes and monocytes. CD 37 is not expressed on early progenitor

cells or terminally differentiated plasma cells. Strong and homogeneous CD 37
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expression has been demonstrated on the surface of B-cell lymphomas and

leukemias. Most members of the tetraspanin family are cell-surface proteins

characterized by the presence of four hydrophobic domains (Figure 7).7%

Fig. 7 Schematic structure of tetraspanins.*

They mediate signal transduction events playing a role in the regulation of cell
development, activation, growth and motility of cells. The protein is a cell surface
glycoprotein known to complex with integrins and other transmembrane 4
superfamily proteins. It may play a role in T-cell/ B-cell interactions. Alternate
splicing results in multiple transcript variants encoding different isoforms.
Although the exact physiological role of CD37 is unclear, it may play a role in
immune cell proliferation and influences signaling via the Akt pathway.ao'62 The
tetraspanin CD37 is predominantly expressed on mature B cells, with highest
expression levels on peripheral blood B cells and lower levels on plasma cells.
Importantly, strong and homogeneous CD 37 expression has been detected on

the surface of B-cell leukemia and lymphoma cells.”®®*®® Deckert J et al. ®’
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compared the CD 37 expression with CD 20 expression in tissue biopsies from
patients with various B-cell malignancies by immunohistochemistry (IHC). (Table
3) Strong positive staining for CD 37 was seen in the vast majority of DLBCL, FL,
MCL and some CLL samples tested. Overall, the biopsy samples showed a similar
prevalence for CD 37 and CD 20 staining. This profile suggests that CD37

represents a promising therapeutic target for B-cell malignancies.

Table 3 CD 37 and CD 20 staining of paraffin-embedded lymphoma tissue cores by

immunohistochemistry (IHC).®’

Percentage of positive cores

Indication Histological subtype CD37 CD20 n
B-cell NHL Follicular lymphoma 100 100
DLBCL 93 93 14
Mantle cell lymphoma 90 100 29
MALT lymphoma 100 100 3
Unspecified NHL 95 95 22
CLL 100 100 3
Multiple myeloma 0 0 10

IHC studies were conducted with an anti-CD37 antibody (clone CT1, 4 mg/mL; Novocastra) and an anti-CD20 antibody
(clone L26, 0.5 pg/mL; DAKO) compared with isotype controls (Beckman Coulter). Staining results were scored by a board
certified pathologist. Staining intensity scoring: 0 5 negative; 1 5 weak; 2 5 moderate; and 3 5 strong. Positive staining was
defined as a score of 22.

1.2.2 Anti CD20 antibodies

Because of the favorable characteristics of CD20, several anti-CD 20 mAbs were
developed. Rituximab, ofatumumab, and recently also obinutuzumab as well as
the radiolabelled antibodies ibritumomab tiuxetan and tositumomab have been
approved by FDA for certain indications. Novel anti-CD20 mAbs are currently
under development with the aim of improving function and treatment results in
lymphoma. The development of anti-CD 20 mAbs resulted in three generations
of antibodies based on the human/mouse chimeric mAbs, like rituximab, Dy
labelled ibritumomab tiuxetan and ***I-labelled tositumomab. Second generation
antibodies are either humanized or fully human, like ofatumumab; third

generation antibodies display further modifications of antibody structure e.g.
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mutation or a-fucosylation of the Fc domain for enhanced FcR binding, like

obinutuzumab (Figure 8).%

Anti-CD20 mAbs can also be classified as type | or type Il antibodies depending
on their biological activity and mechanism of action in vitro. The clinically used
anti-CD20 antibodies, rituximab and ofatumumab, are categorized as type |.
These antibodies are characterized by their ability to induce a translocation of
CD20 into large lipid microdomains or ‘lipid rafts” within the plasma membrane

69-71

upon binding. This clustering process enhances the recruitment and

activation of complement, and hence Type | antibodies exert potent

complement-dependent cytotoxicity (CDC)®%7?

but are weak inducers of
apoptosis. Lipid rafts are sphingolipid and cholesterol enriched- microdomains of
the plasma membrane which function as organizing platforms for cell signaling
and receptor trafficking. The ability of anti-CD20 antibodies to induce CDC
correlates with their ability to translocate CD20 into lipid rafts, whereas
induction of apoptosis by anti-CD20 antibodies is independent of CD20
segregation into lipid rafts. The contribution of complement activation by anti-

CD 20 antibodies to the depletion of B cells in vivo remains unclear.”>”*

Ofatumumab
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Fig. 8 The development of anti-B-cell antibodies.®®
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Another characteristic feature of type | antibodies is that B cells bind twice as

578 most likely due to

many type | antibodies compared with type Il antibodies
different binding geometry. The biological significance of this phenomenon is
unknown. It has been hypothesized that the 2:1 stochiometry could be explained
by the binding of type | antibodies between two CD20 tetramers thereby
crosslinking tetramers with two antibodies bound per tetramer whereas type |l
antibodies may bind within a tetramer, resulting in only one antibody bound per

CD20 tetramer(Figure 9).>*”""®

The two clinically available type Il antibodies are tositumomab and
obinutuzumab (GA 101). Type Il antibodies do not induce accumulation of CD20
in insoluble lipid rafts hence showing relatively little CDC activity72’75 but more
effectively inducing direct apoptosis. Type Il antibodies are more potent than
type | antibodies in inducing homotypic adhesion and direct cell death.”
Although this form of cell death was initially described as apoptosis, recent
studies have demonstrated that it is a non-apoptotic form of direct cell death
following an actin-dependent enhancement of cell-to-cell contact, rupturing of

882 and the generation of reactive oxygen

lysosomes within the cytoplasm
species. The classical hallmarks of apoptosis such as DNA laddering or caspase

dependence are not observed.®

A Lipid raft

g -

3t

=B

Type | anti-CD 20 antibody Type Il anti-CD 20 antibody
Inter-tetramer binding Intra-tetramer binding

Fig. 9 Different binding ways of type | and type Il anti-CD 20 antibodies.**
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1.2.3 Mechanisms of action of CD20 antibodies

The success of rituximab has led to a general interest in the mechanism of action
of anti-CD 20 mAbs. Anti-CD 20 mAbs can induce the killing of malignant B cell
via various mechanisms, such as antibody-dependent cellular cytotoxicity (ADCC),
complement-dependent cytotoxicity (CDC) or programmed cell death (PCD).
Although we nowadays have a better understanding of these mechanisms, it is
still unclear which of these mechanisms is the most important for the efficacy of

different anti-CD 20 mAbs action in vivo.

1.2.3.1 Antibody-dependent cellular cytotoxicity (ADCC)

Antibody-dependent cellular cytotoxicity (ADCC) is a cell-mediated innate
immunity mechanism whereby an effector cell of the immune system actively
lyses an opsonized target cell (malignant cell) that has been recognized by a

8485 Effector cells that mediate ADCC include natural

specific antibody (Figure 10).
killer (NK) cells, monocytes, macrophages, neutrophils, eosinophils and dendritic
cells. The cytotoxicity is triggered through interaction of target-bound antibodies
and their Fc receptors, e.g. 1gG classes to FcyRs to the effector cell. This binding
leads to the release of immunostimulatory-simulants such as cytokines and
chemokines as well as the release of cytotoxic granules.®® The perforins
contained in granules lead to the formation of a pore in the cell membrane of
the target cell through which granzyme penetrates. Granzymes are proteases
that induce apoptosis primarily in the target cells.®” Figure 10 shows that the
recognition of opsonized malignant cells by FcyRs expressed on the effector cells

initiates antibody-dependent cellular cytotoxicity.

FcyRs are surface receptors for IgG and are broadly expressed on leukocytes with
varying affinity to different IgG subclasses.®® Cellular activation upon cross-linking
of the receptors by IgG-IC (immune complex) is induced by the immunoreceptor
tyrosin-based activation motifs (ITAM) that are located on the intracellular part
of the FcRy-chain. Immune synapse formation (ISF) may play a central role in the
integration of complex receptor information.?® (see below) Different FcyRs have
different affinity to IgG subclasses. In humans, for instance, both IgG1 and I1gG3

interact relatively well with all FcyRs. Most of the currently FDA approved anti-
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CD 20 antibodies belong to 1gG1 group. However, most of NK cells express the
low affinity (Fcy) receptors type IlIA (CD16). Therefore, Fc-engineered IgG
antibodies either by introducing point mutations or by modifying the

glycosylation profile are developed to enhance ADCC.

Macrophage
ff/q\ Natural killer cell
/ Kupffer cell
Anti-CD20

S0 L

B(el

Fig. 10  Antibody-dependent cellular cytotoxicity.®®

1.2.3.2 Complement-dependent cytotoxicity (CDC)

Another mechanism of action is complement-dependent cytotoxicity (CDC). CDC
describes the activation of complement by monoclonal antibodies that initiate
the complex pathway finally resulting in tumor cell lysis (Figure 11).% The
complement system plays a key role in human health and disease due to its
influence on both innate and adaptive immunity.*

The complement system consists of a number of small proteins synthesized by
the liver circulating in the blood as a inactive precursors. When the complement
cascade is triggered, proteases cleave specific proteins to release cytokines and
initiate an amplifying cascade of further cleavages. The end-result of this
activation cascade is a massive amplification of the response and activation of

the cell-killing membrane attack complex (MAC), which causes cell lysis.
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The complement system can also be activated by an antigen-bound antibody.
Early complement complexes (for example, C1 or Clq) bind to Fc fragments of
the antibody (e.g. IgG or IgM) which has formed a complex with antigens. When
Clqg binds to IgM or IgG complexed with antigen, it activates the classical
pathway of the complement system. The activation causes the release of
anaphylatoxins (C3a, C4a, and C5a), and opsonins (C3b). These molecules
promote phagocytosis and reinforce on the binding by complement receptors
(receptors C) the activity of the effector cells. The complement cascade may lead

to the formation of a MAC and thus lead directly to the lysis of the target cell.’*

With the help of an antibody, complement is able to detect non-self pathogens
or non-self cells much more specifically. For instance, type | anti-CD20 antibodies
such as ofatumumab are able to induce complement activation and lyse

lymphoma cells.’*?* However, complement-dependent cytotoxicity is not always

effective. Therefore, the role of CDC in vivo is still controversial.®*%®
Anti-CD20 Membrane
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Fig. 11 Complement-dependent cellular cytotoxicity.®
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1.2.3.3 Programmed cell death (PCD)

Binding of mAbs can induce direct effects on malignant cells, leading to
transmission of intracellular signals which trigger cell cycle arrest or programmed
cell death. Programmed cell death (PCD) is a physiological and highly controlled
process by which unwanted or useless cells are eliminated during development
and other normal biological processes (Figure 12).%° Apoptosis and autophagy
are both forms of programmed cell death. PCD also is the third important
mechanism of action of anti-CD 20 antibodies. PCD can be detected in
populations of cells or in individual cells. Many different methods have been
devised to detect apoptosis such as the TUNEL (TdT-mediated dUTP Nick-End
Labeling) analysis, ISEL (in situ end labeling), and DNA laddering analysis for the
detection of fragmentation of DNA in populations of cells or in individual cells

and the detection of apoptosis related proteins such p53 and Fas.

Programmed cell death induces cells to undergo numerous physiological changes
including alterations in their membrane structure. Among other changes, it leads
to exposure of the cells’ inner phospholipids to the exterior. Apoptosis and
necrosis are distinctly different processes. Fundamental differences between the
two death-generating mechanisms are evident by comparing the triggers
necessary to initiate these events. In contrast, necrosis is a non-physiological
process that occurs as a result of infection or injury.”” Necrosis is usually the
result of an accumulation of toxic reagents within cells while apoptosis can be
triggered by various environmental stimuli which lead to the activation of an
endogenous endonuclease activity.”® At the cell membrane level, disruption of
internal and external membranes is a normal consequence of necrosis.
Alternatively, during programmed cell death, loss of cell membrane integrity is a
late event usually preceded by the destructive action of endogenous cellular
enzymes.” The ability to exclude viable dyes such as Pl is a property of cells that
have an intact plasma membrane. Cells in the early phases of apoptosis fall into
this category. On the other hand, necrotic cells have lost membrane integrity and

therefore, easily stain with PI.
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Anti-CD20 Programmed cell death

Apoptotic
CD20 N —r B cell
B cell

Fig. 12 Programmed cell death.®

One of the earlier events of PCD includes translocation of membrane
phosphatidylserine (PS) from the inner side of the plasma membrane to the cell
surface. Annexin V, a Ca**-dependent phospholipid-binding protein, has high
selective affinity for negatively charged phospholipids. Under defined salt and
calcium concentrations, Annexin V preferably binds to PS as compared to other
phospholipid species and can therefore be used for the detection of PS on cell
surfaces using flow cytometry. The binding of Annexin V to phospholipids is very
rapid, extremely dependent on the presence of ca*. Combining the staining
properties of Annexin V and propidium iodide (PI) can be used to distinguish
early stages of apoptosis from later stages of apoptosis or necrosis. Cells staining
positive for Annexin V but negative for Pl indicate an early stage of apoptosis. In
contrast, cells undergoing necrosis or late stage apoptosis stain with both

Annexin V and with PI.%°
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1.2.3.4 Immune Synapse Formation (ISF)

The immune synapse (IS) was originally defined in the late 1990s as an adaptive
immune response which is initiated by the interaction of T-cell antigen receptors
with major histocompatibility complex (MHC) molecule-peptide complexes in the
nanometer scale gap between a T cell and an antigen-presenting cell
(APC).89,100,101

Clustering in the synapse is a dynamic process: IS formation depends on ligand
binding, proximal signaling by kinase, calcium flux, cytoskeletal reorganization
and costimulation. Imaging studies of the IS have revealed a remarkable
organization that may help account for the longevity and specificity of signaling.
The mature IS has been defined by a bull’s eye arrangement of supramolecular
activation clusters (SMACs) that form within a few minutes of T-cell-APC contact.
SMACs can be detected by fluorescence microscopy and appear as increased
densities of specific molecules. Actin filaments are crucial for microdomain
formation and centripetal transport. Therefore, actin filaments can transport
certain microdomain (especially TCR and MHC microdomain) toward the actin-
sparse cell center and form the ¢cSMAC (central SMAC) or bull’s eye. The center
of the bull’'s eye or ¢SMAC is enriched for TCR and MHC complexes which can

trigger TCR signaling and further release cytotoxin to lyse the APC.*?

The ring of
the bull’s eye or pSMAC (peripheral SMAC) contains the integrin lymphocyte
function-associated antigen-1 (LFA-1) and its major counterreceptor intercellular
adhesion molecular-1 (ICAM-1). The formation of IS requires an intact T cell
cytoskeleton and begins as an inverted structure with a central adhesion cluster
surrounded by a ring of engaged TCR.!®® Figure 13 shows a model for the
segregation of TCR and adhesion molecules during the immune synapse

formation.*®

Subsequent studies extended the observation of ISF and identified immune
synapse formation between different types of immune cells. Natural killer cells
are the cytolytic effector cells of the innate immune system and also can form

immune synapses like initially shown for helper T cells. On the surface of NK cells,
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CD16 behaves as a non-MHC specific activating receptor. When it recognizes
antibody-coated targets, they can be killed by ADCC.

A Microdomain B Actin-driven transport 0 Segregation at D cSMAC
formation / segregation the actin boundary diffusion barrier

bottom

cortical actin filament

;mﬁ
| R

TCR ICAM-1 pSMA [ cSMAC

Fig. 13 Model for the segregation of TCR and adhesion molecules during the immune

synapse formation.'*

1.2.4 Antibodies used in the study
1.2.4.1 Rituximab

Rituximab, a chimeric IgG1k anti-CD 20 monoclonal antibody, is the standard
anti-CD 20 antibody licensed for treatment of B-cell lymphoma. It contains the
complement-determining regions of the murine anti-CD 20 antibody 2B8 in
conjuction with human kappa and IgG1 heavy-chain constant region sequences.
The vector was cloned into Chinese hamster ovarian cells as the production
source of immunoglobulin. Rituximab is composed of two heavy chains of 451
amino acid and two light chain of 213 amino acids with a molecular weight of
145KDa. It binds to the large extracellular loop at residues 170-173 and has a
binding affinity for the CD 20 antigen of approximately 8.0 nM, which is similar to
the parent murine antibody, 2B8. Rituximab is classified as type | antibody and

belongs to the first generation of anti-CD 20 mAbs.>**%
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1.2.4.2 Ofatumumab

Ofatumumab, a human IgG1k anti-CD 20 monoclonal antibody, is approved for
the treatment of chronic lymphocytic leukemia (CLL). It was generated in
transgenic mice. The heavy and light chain genes from a human anti-CD 20 cell
line, 2F2, were transfected into a murine myeloma cell line (NS/O) for the
production of ofatumumab. It recognizes an epitope different from that of
rituximab. Peptide scanning and mutagenesis studies have revealed that
ofatumumab recognizes a completely novel epitope located N-terminally of the
motif (the other side of large extracellular loop), also including the small
extracellular loop of CD 20 (see Fig. 6). Ofatumumab dissociates more slowly
from the cell surface than rituximab. Ofatumumab is also classified as type |

antibody and belongs to the second generation of anti-CD 20 mAbs 340197

1.2.4.3 Obinutuzumab

Obinutuzumab, a glycoengineered, humanized IgG1lk anti-CD 20 monoclonal
antibody, was recently approved for the treatment of patients with previously
untreated chronic lymphocytic leukemia (CLL). It is a glycoengineered CD 20
antibody derived from the murine Bly-1 antibody. It has been glyco-engineered
to decrease fucosylation of carbonhydrate attached to Asn-297 glycosylation site
of Fc region which substantially enhances the affinity of this antibody for
different variants of FcyRllla. The epitopes of obinutuzumab and rituximab
overlap. The obinutuzumab epitope is shifted toward the C-terminus of CD 20
antigen. Unlike ofatumumab, obinutuzumab does not appear to directly interact
with the small extracellular loop of CD 20 or the region preceding the larger loop.
Obinutuzumab is classified as type Il antibody and categorized as the third

generation of anti-CD 20 mAbs,>*1%>1%8

1.2.4.4 Bl 836826

Bl 836826, a chimeric IgG1 anti-CD 37 monoclonal antibody, is currently in phase
| clinical studies in order to evaluate the safety profile and the optimal dose of
this antibody in man. Bl 836826 was expressed in DHFR-deficient Chinese
hamster ovary (CHO) DG44 suspension cells. This antibody is constructed by a
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chimerized high-affinity mouse antibody to CD 37 which has been engineered at
the CH2 domain to improve binding to human Fc gamma receptors.®® Anti-CD 37
antibodies unlike the CD 20 antibodies are not classified into different types or

generations.

1.3 Experimental questions

Although rituximab is clinically successful in treating B-cell lymphoma, varying
percentages of patients, especially those with poor prognostic factor, show no
response or a poor response to rituximab. Therefore, the development of new
antibodies targeting malignant B cells is urgently needed. In this work, we
established different functional assays to evaluate different anti-B-cell antibodies

used to treat B-cell malignancies.

a. We compared the efficacy of various anti-CD 20 antibodies by using
different cell lines, representing GCB-type and ABC-type of diffuse large
B-cell lymphoma, and primary lymphoma cells (focused on FL, MCL, and
DLBCL).

b. We compared the efficacy of various anti-CD 20 antibodies with different

mechanism of action.

c. We compared the newly developed anti-CD 37 antibody with the

commercially available anti-CD 20 antibodies.
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1.4 Additional information on treatment of T- and B-cell lymphoma

1.4.1 Allogeneic Transplantation in T-Cell Lymphomas109

Mature T- and NK-cell neoplasms represent an extremely heterogeneous group
of diseases with distinct epidemiologic, pathophysiological, immunophenotypic,
molecular and clinical features. First-line therapy may differ depending on the T-
cell subtype but in many instances consists of CHOP or CHOP plus etoposide
(CHOEP). Unfortunately, treatment results are often not satisfactory and
especially patients with advanced disease and a high International Prognostic
Index (IPl), progress during therapy or relapse frequently. Survival of patients
with relapsed T-cell lymphoma who do not receive an autologous or allogeneic
transplant is dismal; therefore, number of alloSCT in T-cell lymphoma have
steadily increased during recent years. Most papers on alloSCT focus on the
three most frequent sub-entities: ALCL, anaplastic lymphoma kinase (ALK)-
negative, angioimmunoblastic T-cell lymphoma (AITL) and peripheral T-cell
lymphoma, not otherwise specified (PTCL-NOS). With few exceptions ALK-
positive ALCL has been excluded from recent reports on alloSCT because
prognosis of these patients is relatively good with conventional chemotherapy
and the results of high-dose therapy and autologous stem cell transplantation
(ASCT) seem reasonable in patients with relapsed ALCL. Other sub-entities like
adult T-cell leukemia/ lymphoma (ATLL), NK/ T-cell lymphoma, hepatosplenic T-
cell ymphoma or cutaneous T-cell lymphoproliferative disorders are so rare and/
or patient numbers reported have been so low, that reports focusing on these
entities do not exist until today or suffer from very low patient numbers, making
it difficult to judge the real impact of alloSCT. On the other hand, most
publications on alloSCT for the more frequent T-cell lymphoma entities (ALK-
negative ALCL, AITL and PTCL) are "contaminated" by cases of these very rare
subentities. It is also important to note, that studies on alloSCT exclusively deal

with patients transplanted for very advanced, often refractory disease.




Introduction 31

1.4.2 Hematopoietic Stem Cell Transplantation in Patients with Lymphomatoid

Granulomatosis'*®

Lymphomatoid granulomatosis (LG) is a very rare, Epstein-Barr virus (EBV)-driven
B cell lymphoproliferative disorder first described as a distinct clinicopathological
entity by Liebow in 1972. At diagnosis, the majority of patients are between 40
and 60 years of age with a definite male preponderance. Immunocompromised
patients are more likely to develop LG, probably because cellular
immunodeficiency compromises EBV elimination. Three histological grades have
been described, depending on the number of EBV-positive, CD-20 positive, large
atypical B cells in relation to reactive tissue. Whereas grade 1 lesions contain
very few and grade 2 lesions contain only scattered EBV-positive cells, grade 3
lesions are characterized by sheets of large atypical cells showing a high
propensity to transform into diffuse large B cell lymphoma. Because of lung
involvement in >90% of cases, first symptoms are often cough and shortness of
breath in combination with B symptoms, such as fever, night sweats, and weight
loss. The skin, kidneys, liver, and the central nervous system are affected in
about one third of the patients, although involvement of lymph nodes or spleen
is rare. In older series, median survival of patients with LG was under 2 years.
Patients with grade 1 or 2 lesions may achieve durable remissions with
corticosteroids and interferon-alpha. Dunleavy et al. investigated the use of
interferon-alpha in 28 patients with grade 1/2 disease and achieved a 5-year
progression-free survival of 56%. In 24 patients with grade 3 disease,
progression-free survival was 40% with dose-adjusted etoposide, doxorubicin,
cyclophosphamide, vincristine, prednisone * Rituximab (DA-EPOCH%R) with a
median follow up of 28 months. Despite a number of case reports, there are no
reliable data available if aggressive first-line therapy, including combination
chemotherapy with or without rituximab, can improve outcome of patients with
advanced disease as recently reviewed. Patients with relapsed disease often
demonstrate higher histologic grades and carry a very bad prognosis with no
curative approach having been described. Because case reports of high-dose
therapy followed by autologous stem cell transplantation (HDT/ASCT) or
allogeneic stem cell transplantation (alloSCT) indicated that patients with LG
might benefit from these procedures, we aimed to collect all cases of autologous
and allogeneic transplantation reported to the EBMT to gain better insight into

the therapeutic impact of transplantation in this rare disease.
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1.4.3 Risk of CNS Recurrence and Role of Prophylaxis in Diffuse Large B-Cell
Lymphoma™!

Current practice how to estimate an individual patient’s risk of CNS disease
(defined as progression during or recurrence after first-line treatment in the
cerebrospinal fluid or the brain parenchyma) is largely based on early reports
from single institutions or cooperative groups. These series do no longer reflect
diagnostic and therapeutic standards and therefore are of limited value today. In
the last decade, a number of investigators did post hoc analyses of CNS
recurrences occurring in patients with DLBCL who participated in prospective
randomized studies or performed analyses on other larger, more or less well-
defined cohorts of patients with aggressive B-cell lymphoma, mostly DLBCL. The
latter studies mostly include patients treated with state-of-the-art
chemoimmunotherapy (R-CHOP or variants) or compare the incidence and type
of CNS disease in patients treated with R-CHOP or CHOP. Before summarizing
and discussing the major findings of these studies it is important to note that all
studies featured varying definitions of patients considered high risk for CNS
disease, stipulated different imaging technology and methods how to diagnose
involvement of the cerebrospinal fluid (CSF), and gave differing
recommendations for prophylaxis of CNS disease. While some of the recently
published studies did not ask for any diagnostic and prophylactic measures or
left the decision at the discretion of the individual investigator other protocols
precisely describe which patients should receive which type of prophylaxis.
These major inter-study variations will have influenced the percentages of
patients diagnosed with CNS relapse, the identification of risk factors for CNS
disease, and the answer to the question if intrathecal (i.th.) prophylaxis is

effective or not.

This review is restricted to risk factor analyses and prophylactic strategies
reported for patients with DLBCL treated with R-CHOP and its variants. Patients
with rare subtypes of aggressive B-cell lymphoma or patients who are HIV-
positive may have higher incidences of CNS relapse. Because data are even more

scarce than in classical DLBCL these cases are not further discussed.
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2 Materials and Methods

2.1 Materials and preparation

2.1.1 Cell lines

Human lymphoma cell lines were cultured in a humidified atmosphere with 5%
CO; at 37 °C in medium (Table 4) supplemented with 2 mM glutamine and 1%
penicillin-streptomycin (Sigma-Aldrich GmbH, Munich, Germany)

Table 4 Cell lines used in study

Cell line Cell type Description Medium
Human aggressive B cell GCB-like subtype of diffuse

SU-DHL-4 RPMI + 10% FCS
lymphoma* large B-cell ymphoma

Ramos Burkitt lymphoma* - RPMI + 10% FCS
Human aggressive B cell GCB-like subtype of diffuse

Karpas 422 RPMI + 10% FCS
lymphoma * large B-cell lymphoma

OCI-Ly-3 Human diffuse large B-Cell ABC-like subtype of diffuse IMDM + 20% HS + 55puM

Y lymphoma** large B-cell ymphoma B-mercaptoethanol
OCI-Ly-10 Human diffuse large B-Cell ABC-like subtype of diffuse IMDM + 20% HS + 55uM
-Ly-

lymphoma**

large B-cell lymphoma

R-mercaptoethanol

GCB-like: germinal center B-cell like lymphoma subtype; ABC-like: activated B-cell like lymphoma subtype; FCS: fetal calf

serum; HS: human serum; IMDM: Iscove's modified Dulbecco's medium; RPMI: Roswell Park Memorial Institute medium

*gift from G. Wulf, University Medicine Goéttingen, Gottingen, Germany

**gift from A. Rosenwald, University of Wiirzburg, Wirzburg, Germany

2.1.2 Cell Preparation from Lymphoid Tissues

Lymphoid tissues were obtained from the Department of Hematology, Oncology,
and Stem Cell Transplantation at the Asklepios Hospital St. Georg, Hamburg.
Diagnoses were rendered by the Institute of Hematopathology, Hamburg, the
Institute of Pathology, University of Wiirzburg or the Institute of Pathology,
Section of Hematopathology, University Hospital of Kiel. Lymph node material
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was obtained from patients with FL, MCL and DLBCL at the time of diagnosis or at
relapse. A single cell suspension was obtained by mechanical disruption of
lymphoid tissue. Cells were collected in culture media and passed through a cell
strainer to eliminate debris and clumps. Cell suspensions were collected in a 50
mL conical centrifuge tube and washed with culture media. Normal and
malignant B cells were positively selected using mouse CD19 microbeads
(Miltenyi Biotec, GmbH, Bergisch Gladbach Germany). The purity of the isolated
B cells (higher than 90%) was determined by flow cytometry using the anti-CD 20
antibody-PE (BD Biosciences, Heidelberg, Germany). Cells were cryopreserved at
-80°C.

2.1.3 Isolation of lymphocytes and granulocytes from peripheral blood

Peripheral blood from healthy volunteers and patients with lymphoma was
obtained from the Department of Hematology, Oncology, and Stem Cell
Transplantation in Asklepios Hospital St. Georg, Hamburg, and collected into
heparinized tubes. All patients gave written informed consent to draw additional
blood sample at the time they had routine blood collections. Patients’ or healthy
donors’ mononuclear cells were separated by Ficoll-Paque plus (GE healthcare
Europe GmbH, Freiburg, Germany) density gradient centrifugation. CD56+ cells
were positively selected using the CD56 MultiSort Kit and MACS separation
columns (Miltenyi Biotec, GmbH, Bergisch Gladbach Germany). The purity of the
isolated CD56+ cells (higher than 95%) was determined with flow cytometry (BD
FACS ARIA 1ll; BD, New Jersey, USA).

2.1.4 Serum and plasma preparation

Serum and plasma were separately collected into S-Monovette® tubes or
heparinized tubes and centrifuged (3,000 rom and 1,100 rpm, respectively) at
room temperature for 10 minutes (Sarstedt AG & Co. Nimbrecht, Germany).
Serum and plasma were cryopreserved at -20°C and -80°C until next

measurements.
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2.1.5 Antibodies and reagents
2.1.5.1 Monoclonal antibodies
2.1.5.1.1 Rituximab

Rituximab (MabThera®, Roche Pharma AG) was purchased from the hospital

pharmacy at a concentration of 10 mg/mL.

2.1.5.1.2 Obinutuzumab

Obinutuzumab (Gazyva®, Roche Pharma AG) was provided by Roche Pharma AG

at a concentration of 10.5 mg/mL.

2.1.5.1.3 Ofatumumab

Ofatumumab (Arzerra®, GlaxoSmithKline GmbH & Co. KG) was purchased from

the hospital pharmacy at a concentration of 20 mg/mL.

2.1.5.1.4 Bl 836826

Bl 836826 was provided by Boehringer Ingelheim GmbH. The antibody was used

at a concentration of 10 mg/mL.

2.1.5.2 Antibodies used for in vitro labeling of cells in FACS analysis

Antibody Clone Format Company

CD3 UCHT1 PE-Cy7 BD Biosciences
CD16 3G8 FITC BD Biosciences
CD20 2H7 PE BD Biosciences
CD56 B195 PE BD Biosciences
CD107a H4A3 APC BD Biosciences

Annexin FITC BD Biosciences
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2.2 Methods
2.2.1 Immune synapse formation (ISF)
2.2.1.1 Immunofluorescence sample preparation

B cells (target cells) were labeled by CellTracker™ Blue CMAC (Life Technologies
GmbH, Darmstadt, Germany). Equal amounts of target cells (at a concentration
of 1x10° cells/mL) and CD56+ PBMCs (effector cells) were incubated together
with different monoclonal antibodies at 10 pg/mL for 15 minutes. After fixation,
coverslips were permeabilized in 0.3% Triton-X-100 for 5 minutes. Blocking and
washing was performed in PBS / 0.05% saponin / 0.25% fish skin gelatin. F-actin
was stained with rhodamine phalloidin (Life Technologies GmbH, Darmstadt,
Germany). After labeling, specimens were mounted on Prolong Gold anti-fade
reagent (Life Technologies GmbH, Darmstadt, Germany). PBMCs stimulated by

IL-2 were used as positive control.

2.2.1.2 Confocal microscopy image acquisition
2.2.1.2.1 General settings

Analyses and medial optical section images were acquired on a confocal laser
scanning microscope (Leica TCS SP5 Il, Wetzlar, Germany) by means of a 63x NA
1.4 oil objective lens. Dual color fluorescence (CellTracker™ Blue CMAC and
rhodamine phalloidin) was excited by solid state lasers at 405 nm and 561 nm,
respectively. Fluorescence was captured with novel hybrid detectors HyD (for
more information please go to http://www.leica-microsystems.com/products
/confocal-microscopes/leica-tcs-sp8-configurable confocal/details/product/leica-

hyd/) with emission gates set to 417-542 nm and 569-702 nm, respectively.

2.2.1.2.2 Quantification acquisition settings

3D image stacks were acquired using high resolution (63X NA=1.4 objective lens)
confocal laser scan microscopy to visualize and quantify actin aggregation and
relocation. The area was scanned with a resonant scanner at 8000Hz, 6 to 8-fold

frame averaging, pinhole set to 0.88 airy unit, 1024x1024 pixels, and 1.7-fold
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zoom, resulting in a pixel size of ca. 230 nm. Multi-point z-stack acquisition was
performed with an automated XY-stage and piezo-driven focus drive with z-
spacing set to 0.3 um for 30-60 slices depending on cellular structure after
aggregation e.g. single or multi-layer; the distance between two adjacent images
was kept at 300 nm. Z stacks were used to collect the entire synapse binding
volume in order to have a precise and less user-biased evaluation of bond
strength, size, and morphology. The detectors gain was kept at the same value
for all measurements. For the red channel, all acquisitions were kept under the
saturation level to allow quantitative analyses. The laser excitation was kept
constant in all experiments; exceptions were made for few datasets to keep the
signal under saturation. The slightly different excitation values were recorded to

rescale quantification accordingly.

2.2.1.2.3 Higher quality image acquisition settings

A galvo-scanner was used at 400 Hz and 3-fold frame averaging. Multi frame
acquisition (tiled scanning) was employed in order to produce images on areas
bigger than the field of view. Pinhole was set to 0.88 airy unit, 512x512 pixels,
and 1.25-fold zoom, resulting in a pixel size of ca. 440 nm and all the confocal
images were having 8 bit pixel depth (255 gray scales). For each tile z-stack
acquisition was performed with an automated piezo-driven focus drive with z-
spacing set to 0.3 um for 30-60 slices, depending on the sample thickness.
Fluorescence was acquired sequentially to prevent passage of fluorescence from
other channels. Detectors were set to detect an optimal signal below the
saturation limits. Image stacks were visualized as maximum intensity projections

with the supplied Bitplane Imaris 6 software (Zurich, Switzerland).

2.2.1.3 Quantitative image analysis of conjugate formation and F-actin

polymerization

Conjugation intensity was scored by visual counting under 3D image stacks
acquired by a confocal microscope with random selection of at least 30 contacts
of target and effector cells in one area. The background was determined from

the image histogram and subtracted from the images. In areas of cell to cell
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contact a region of interest was selected and the automated segmentation
algorithm applied. The setting of the segmentation was kept constant to ensure
that there was no user bias. From such segmented volumes, the sum of the total
intensity and the volume parameters were extracted for further analysis and
plotting. Polarization of proteins at the effector cell contact site was scored
independently. Those conjugates showing a distinct polymerized protein band at
the effector cell contact site were considered polarized. Conjugates lacking
protein polymerization or showing weak protein polymerization were also
included in this analysis. Statistical significance was calculated using the
Student’s t-test (two-tailed). From segmented volumes, the sum of the total
intensity and the volume parameters were extracted for further analysis and
plotting. These findings were verified using Bitplane Imaris 6 software (Zirich,
Switzerland) to calculate the mean fluorescence intensity (MFI) at synapse of

proteins to the T cell-B cell contact site.

2.2.2 Antibody-dependent cellular cytotoxicity (ADCC)

Cell lines or lymphoma cells from patients were used as target cells. Follicular
lymphoma cells (FL), mantle cell lymphoma cells (MCL) and diffuse large B-cell
lymphoma cells (DLBCL) were isolated from lymph nodes obtained from patients
with FL, MCL, DLBCL at the time of diagnosis or at relapse. Effector cells were
freshly isolated from healthy donor blood or from the blood of patients donating
lymphoma cells (autologous effector cells) before chemotherapy started.
Effector cells were positively selected from peripheral blood of healthy donors or
patients using the CD56 MultiSort Kit and MACS separation columns. Frozen

lymphoma target cells were thawed shortly before the experiment.

2.2.2.1 CD 107a degranulation assay

Antibody-dependent cellular cytotoxicity was determined by CD 107a
degranulation assay. Target cells were collected, washed and re-suspended in
complete RPMI 1640 medium containing 10% fetal bovine serum and 1%
Penicillin/Streptomycin. Five uM CellTracker™ blue CMAC (7-amino-4-

chloromethylcoumarin) (Life Technologies GmbH, Darmstadt, Germany) was
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added and samples were incubated for 30 minutes at 37°C in a 5% CO,
humidified atmosphere. The cells were then incubated with 50 pg/mL mAb
(rituximab, obinutuzumab, Bl 836826 or ofatumumab) for 25 minutes at 37°C.
CD56 positive cells were re-suspended at a concentration of 10° cells/mL in
complete RPMI 1640 medium. 100 uL of cell suspension were seeded into 96-
well round-bottom plates. An equal volume of labeled target cells re-suspended
in complete RPMI 1640 at a concentration of 10° cells/ml was added to the wells
(effector: target ratio = 10:1). Effector cells incubated with 100 U IL-2 were used
as positive controls. 2 pL of Anti-CD107a mAb was directly added to the culture
wells and incubated at 37°C and 5% CO, humidified atmosphere. Following
incubation for 1 hour, Golgi-Stop (2 uM) was added and the cells were incubated
for an additional 5 hours at 37°C and in 5% CO, humidified atmosphere. Samples
were then washed and stained with 20 uL Anti CD16-FITC, 20 pL Anti CD56-PE
and 5 pL Anti CD3-PEcy7 for 20 minutes in the dark at 4°C. 2x10"* effector cells
were used in the assay. Data acquisition and subsequent analyses were
performed on BD FACSAria lll using BD FACSDiva software (BD, New Jersey, USA).

2.2.2.2 Europium release assay

In order to monitor the final stage of cytoxicity induced by different antibodies,
the radioactive chromium (*'Cr)-release assay has been used as a ‘gold standard’
to measure cell-mediated cytotoxicity since 1968. The major disadvantage of the
>IChromium-release assay (CRA) is the necessity to use radioactivity which can be
hazardous to health and is not practical and costly due to the short half-life of
>1Cr and requirements for radiation safety training and licensing. Therefore, we
chose to use an alternative method named Europium-release assay (time-
resolved fluorescence-based cytotoxicity assay) to replace the conventional

>IChromium-release assay.

This assay is based on loading target cells with an acetoxymethyl ester of a
fluorescence enhancing ligand (BATDA; bis (acetoxymethyl) 2,2":6'2"-
terpyridine- 6,6"- dicarboxylate). After the hydrophobic ligand has penetrated
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the cell membrane the ester bonds are hydrolyzed within the cell to form a
hydrophilic ligand (TDA, i.e. 2,2":6',2" -terpyridine-6,6" -dicarboxylic acid), which
no longer passes the membrane. After cytolysis the released ligand is introduced
to a DELFIA™ europium solution to form a fluorescent chelate (EuTDA). The

measured signal correlates directly with the number of lysed cells.

Target cells were labeled with 5 puL DELFIA® enhancing ligand [BATDA, bis
(acetoxymethyl) 2,2":6',2"- terpyridine- 6,6"- dicarboxylate)] and free BATDA was
removed by washing with PBS. The target cells were seeded in 96-well round
bottom microtiter plates at a concentration of 10* in triplicates. Effector cells
were added in a ratio of 10:1 and co-cultured for 4 hours at 37°C in a 5% CO,
humidified atmosphere. After 4 hours the supernatants were harvested. The

released Eu-TDA fluorescence was measured in a time-resolved fluorometer.

(Note: DELFIA is a registered trademark of PerkinElmer, Inc.)

Definitions of background, spontaneous release, and maximum release
Background (= media without cells):

Loaded target cells were centrifuged immediately after dilution in culture
medium. 100 pL of the supernatant was pipetted into the wells and 100 uL of the

cell culture medium was added.
Spontaneous release (= target cells without effector cells):

Incubate the target cells (100 pL) with 100 uL of cell culture medium instead of

effector cells during the assay.
Maximum release (= lysed target cells):

Incubate the target cells (100 pL) with 100 pL of cell culture medium
supplemented with 10 uL of lysis buffer.
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Formulas for calculating

Spontaneous release (counts) - background (counts)
Spontaneous release (%) = - x100
Maximum release (counts) - background (counts)

N ] Experimental release (counts) - Spontaneous release (counts)
Specific lysis (%) = - x100
Maximum release (counts) - Spontaneous release (counts)

Note: Probenecid is an inhibitor of the multidrug resistance transporter (MDR); it was
needed for some patients’ lymphoma cells to prevent spontaneous release. Probenecid
was freshly prepared every day at a stock concentration of 250 mM, and used at a

working concentration of 2.5 mM.

2.2.3 Complement-dependent cytotoxicity (CDC)

Complement-dependent cytotoxicity was determined by Pl assay using flow
cytometry. Target cells were pipetted in complete RPMI 1640 at a concentration
of 2x10° cells/well into round-bottom 96-well plates. 10pg/ml mAb (rituximab,
obinutuzumab, Bl 836826 or ofatumumab) was added. Healthy human serum or
patient serum at a volume of 0.1 pL, 1 uL, 2 pL, 5 pL or 10 uL was added to the
wells. After incubating the plates for 4 hours at 37°C, cells were washed with cold
PBS and cells were re-suspended in 100ul 1x Annexin binding buffer. 5uL
propidium iodide was added to the samples after incubation for 15 minutes at
room temperature. Cell viability was detected by flow cytometry (BD FACS ARIA
lIl; BD, New Jersey, USA).

2.2.4 Programmed cell death (PCD)

The percentage of cells undergoing apoptosis was determined by Pl / Annexin V
assay. Target cells were re-suspended in complete RPMI 1640 medium at a
concentration of 1x10° cells/mL treated with 10 pg/mL mAb (rituximab,
obinutuzumab, Bl 836826 or ofatumumab) for 4 hour at 37°C. After incubation
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cells were washed with cold PBS and stained with 5 pL propidium iodide (Pl) as
well as 5 pL Annexin-V-FITC in 100 pL Annexin-V-binding buffer. The cell viability
was examined by flow cytometry (BD FACS ARIA 1lI; BD, New Jersey, USA).

2.2.5 Microscopic analysis of homotypic aggregation

Homotypic cell adhesion (HA) plays an important role in many cell-cell
interactions of normal and malignant cells. Activation of lymphoma cell lines and
lymphoma cells by e.g. antibodies is accompanied by the formation of

autologous cell aggregates called HA.

2.2.5.1 Sample preparation

Lymphoma cell lines were allowed to settle in 8-well flat-bottomed glass p-Slides
(ibidi GmbH, Planegg-Martinsried, Germany) overnight in a humidified
atmosphere with 5% CO, at 37 °C. A Zeiss Axiovert 200M inverted wide field
microscope was used for optical live cell imaging experiments. Wide field live
phase contrast imaging of cells, employing a low magnification lens i.e. 20x 0.4
NA, was used for investigating the dynamics of homotypic aggregation in the first
24 hours after the addition of different anti-CD20 mAbs (10 pg/mL). The
measurement was done in a humidified atmosphere with 5% CO, at 37 °C. The
imaging technique used for all live cell imaging experiments was phase contrast

microscopy.

Image acquisition was employed to allow for a larger field of view during live
acquisition. The images were captured every 5 minutes and were acquired using
a CCD AxioCam HRm 1.4MP monochrome camera. The images were exported by
using Zeiss Axiovision 4.8 software (ZEISS Deutschland, Oberkochen, Germany),

videos were generated using Bitplane Imaris 6 software (Zirich, Switzerland).
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2.2.6 CD 20 and CD37 expression levels

CD20 expression of cell lines and lymphoma cells can vary with culture conditions
and also spontaneously. Whenever possible, the relative numbers of CD 20 and
CD37 molecules were measured on human lymphoma cell lines and the cells
from human lymphoma tissues by using PE-labeled anti-20 antibody and FITC-
labeled anti-37 antibody and analyzed with flow cytometry (BD FACS ARIA Ill; BD,
New Jersey, USA).

2.2.7 Statistical methods

Values were expressed as means * standard deviation from at least 3
independent experiments. Statistical significance was calculated using the
Student’s t-test (two-tailed). Differences were considered significant when a

p<0.05 was obtained.




Results 44

3 Results

3.1 Immunological synapse formation (ISF)

The interface between an antigen-presenting cell or target cell and an effector T-
or NK- cell is called the immunological synapse (IS). Formation of the IS requires
an intact T- or NK- cell cytoskeleton and begins as an inverted structure with a
central adhesion cluster surrounded by a ring of engaged receptors on T- or NK-
cells. In order to study IS formation after binding of various monoclonal
antibodies to NK- or T-cells dual color 3D image stacks acquired by using high

resolution confocal laser scan microscopy were used.

3.1.1 Quantification of immunological synapse formation (ISF)

Immunological synapse formation occurs at the contact surface between a target
cell and a T- or NK- cell. In order to observe the segregated protein clusters and
to compare the intensity of ISF resulting from the use of different antibodies, a
three-dimension quantification method was used. The confocal 3D sections have
a thickness ranging between 10 and 30 um depending on cellular structure after
aggregation, e.g. single or multi-layer; the distance between two adjacent images
was kept to be 300 nm. Fig. 14 (A) shows the F-actin re-organization which is
highly correlated with the formation of the ring of the bull’'s eye or pSMAC
(peripheral supramolecular activation cluster) in three dimension. F-actin in both
target and effector cells was stained with rhodamine dye in red, targets were
separately labeled with Celltracker™ blue CMAC. F-actin accumulation was

shown in green and quantified by Bitplane Imaris 6 software (Zirich, Switzerland).

3.1.

Fig. 14 Quantification of ISF (A) ring of the bull’s eye or pSMAC (B) quantification

area of ISF.
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To compare ISF induced by different antibodies in vitro, a GCB-type lymphoma
cell line (SU-DHL-4) and an ABC-type lymphoma cell line (OCI-Ly 10) were used as
targets. Effector cells were incubated with rituximab-, obinutuzumab-,
ofatumumab- or Bl 836826- (10 pug/ml each) labeled target cells at a 1 to 1 ratio
(at a concentration of 1x10° cells/mL) over 15 minutes. Representative data from

different cell lines are shown in Fig. 15 (A) and (B).

Su-DHL-4 cells labeled with Bl 836826 showed a similar intensity of F-actin
accumulation compared to targets labeled with rituximab. These two antibodies
showed significantly stronger intensity of ISF than obinutuzumab, ofatumumab
or no antibody (p<0.05). The intensity of ISF with SU-DHL-4 can be summarized
as follows: Bl 836826 or rituximab >> ofatumumab, obinutuzumab or no

antibody.

For OCl-Ly 10, target cells labeled with Bl 836826 showed a significantly stronger
intensity of F-actin accumulation than target cells labeled with rituximab. Targets
labeled with rituximab showed stronger intensity than obinutuzumab or
ofatumumab. The intensity of ISF with OCI-Ly 10 can be summarized as follows:

Bl 836826 >> rituximab >> ofatumumab, obinutuzumab or no antibody.

3.1.3 ISF with patient lymphoma cells

Target cells obtained from patients with FL, MCL, or DLBCL labeled with different
antibodies showed significantly different intensity of F-actin accumulation
although antibodies tested showed similar patterns of intensity regardless of the
lymphoma subtype. Figure 16 (A) to Figure 18 (A) give an overview on ISF in 2
dimensions when FL, MCL and DLBCL labeled with different antibodies were
incubated with autologous effector cells. To capture these images, contrast was
adjusted. Real images may differ due to underestimated strength of signals. The
comparison among different antibodies was based on the intensity data
calculated by the automated segmentation algorithm programmed by Imaris 6

software. The intensity of ISF with lymphoma cells from patients with FL, MCL
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and DLBCL can be summarized as follows: Bl 836826 > rituximab >> ofatumumab,

obinutuzumab or no antibody.
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Fig. 17 ISF using patient effector cells and patient MCL cells as target labeled with various antibodies. (A) overview (B) quantification result.
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Fig. 18 ISF using patient effector cells and patient DLBCL cells as target labeled with various antibodies. (A) overview (B) quantification result.
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3.2 Antibody-dependent cellular cytotoxicity (ADCC)

Antibody-dependent cellular cytotoxicity (ADCC) is thought to be one of the most
important mechanisms of action of anti-B-cell antibodies in vivo. To evaluate and
compare ADCC induced by different monoclonal antibodies, a multiparametric
flow cytometry-based cytotoxicity assay (CD 107a degranulation assay) and a
time-resolved fluorescence-based cytotoxicity assay (Europium-release assay)

were used.

3.2.1 CD 107a degranulation assay
3.2.1.1 Establishment of the CD 107a degranulation assay

The CD 107a degranulation assay measures the CD 107a expression on the
surface of effector cells when the effector cells recognize a target cell and start
to release lytic proteins such as perforin and granzymes. This process indicates
the initial phase of cytotoxic activity of natural killer cells or cytokine induced

killer cells.}*>13

3.2.1.2 Gating strategies for the flow-cytometry-based assay

Due to the limited amount of fresh cells obtained from peripheral blood or
lymph nodes, an adequate gating strategy must be applied to effectively
discriminate CD 107a expression on different subsets of effector or target cells.
Target cells were labeled by CellTracker™ Blue CMAC while effector cells were
freshly isolated from peripheral blood and positively selected by using the CD56
MultiSort Kit and MACS separation columns (Miltenyi Biotec GmbH, Bergisch
Gladbach, Germany). Following a 6-hour incubation period in the presence of
monensin and CD107a antibody, cells were stained for CD3, CD16 and CD56 in
order to identify T-cells, NK/T-cells and NK- cells.
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Figure 19 shows the first step to differentiate effector from target cells labeled
by CellTracker™ Blue CMAC. Using an effector / target cells ratio of 10 to 1,
around 10 % of total cells being CellTracker™ Blue positive can be identified as

target cells and excluded from further analysis.
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Fig. 19  Gating strategy to exclude target cells from measuring CD 107a expression of

effector cells in CD 107a degranulation assay.

After excluding interference from target cells, CD56+ cells were further
subdivided. NK cells (CD3-/CD16+) are discriminated from other lymphocytes, e.g.
NK/ T cells or cytokine-induced killer (CIK) cells, by specific gating strategies as
shown in Figure 20 A-C. Within the lymphocyte population we gated on CD
107a+/CD3- and CD107a+/CD3+ populations. Within these populations, and
particularly in the CD107a+/CD3- population, we investigated the expression of

CD107a for each sample following stimulation with different targets.
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A  unstimulated B Su-DHL 4 C L2
PMA/ionomvycin

CD3+CD107a+

CD3

CD3-CD107a+

CD107a

Fig. 20 CD 107a is expressed at high levels on the surface of NK cells after
stimulation. Flow cytometry shows the percentage of CD3-/CD56+ cells
expressing CD107a without stimulation(A), stimulation with SU-DHL-4 cells
(B) or with PMA/ionomycin and interleukin-2 (C). Data from a single

representative experiment are shown.

Surface expression of CD 107a was low on unstimulated NK cells (0.8+0.3%, n=10)
and other effector cells (<0.1%) (Figure 20A). Following stimulation with target
cells, CD 107a expression on the surface of CD3-/CD56+ NK cells increased; for
example stimulation with SU-DHL 4 cells resulted in 6.1+1.5 % of NK cells
expressing CD 107a (7.6- fold increase over non-stimulated cells) while CD 107a
expression on the surface of other effector cells (CD3+/CD56+) increased 5.8-fold,
resulting in 0.5810.1% of effector cells expressing CD 107a (Figure 20B).
Following maximal stimulation of effector cells with PMA (10 ng/mL) / ionomycin
(0.25 uM) and 100 U/mL interleukin-2, CD 107a expression on the surface of NK
cells was up-regulated 45.25-fold, reaching a percentage of 36.216.8% of NK cells
and 4.1+1.1% of other effector cells (Figure 20C) (p= 0.02, Student’s t test,
compared to baseline CD 107a expression). The CD 3-positive cells remaining in
the culture system did not significantly influence test results (either due to the
low expression of CD 107a or the low absolute number of cells) and were ignored
in all following measurements. Results of CD 107a expression on effector cells

from 10 individuals are reported.
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Taken together, data demonstrate that activation of NK cells by different target
cell populations causes CD 107a degranulation which can be reliably measured

by the assay implemented.

3.2.1.3 ADCC measured by the CD 107a degranulation assay with lymphoma

cell lines

To compare the cytotoxic effects of different antibodies in vitro, GCB-type
lymphoma cell lines (SU-DHL-4, Ramos, and Karpas 422) and ABC-type lymphoma
cell lines (OClI-Ly 10 and OCI-Ly3) were used as target cells. Effector cells were
incubated with rituximab-, obinutuzumab-, Bl 836826- or ofatumumab- (10pg/ml
each) labeled target cells at a 10 to 1 ratio over 6 hours. Data obtained with
different lymphoma cell lines are shown in Figures 21 and 22. Results of the CD
107a degranulation assay using different lymphoma cell lines are from 10

experiments using healthy donor effector cells.

With GCB-type lymphoma cell lines, CD 107a expression on the surface of CD3-
/CD56+ NK cells incubated with target cells labeled with rituximab was
significantly higher than with unlabeled target cells (Figure 21). In contrast to
rituximab, target cells labeled with ofatumumab did not elicit CD 107a
expression of NK cells different from baseline. Target cells labeled with
obinutuzumab increased CD 107a expression by at least 2-fold [4.85- (25.7+2.7%
vs. 5.3+1.5%), 2.57- (20.3+1.9% vs. 8.9+1.2%), and 8.58-fold (20.6+1.8% vs.
2.4+0.9%), respectively] on CD56+/CD3- NK cells compared to unlabeled target
cells. Using Bl 836826 as labeling antibody gave results comparable to those
obtained with obinutuzumab [3.87- (20.5+2.8% vs. 5.3%1.5%), 2.51- (22.3+3.1%
vs. 8.911.2%), and 5.28-fold (13.242.1% vs. 2.4+0.9%), respectively] when SU-

DHL 4, Ramos or Karpas 422 cell lines were targeted.
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Results of ADCC as measured by CD107a degranulation assay using GCB-type

lymphoma cell lines as target and healthy donor CD56+ cells as effector cells.

Effector cells were incubated with rituximab-, obinutuzumab-, Bl 836826- or

ofatumumab- (10 pg/mL each) labeled target cells at a 10 to 1 ratio over 6

hours.
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For ABC-type lymphoma cell lines, target cells labeled with ofatumumab showed
no difference in CD 107a expression compared to stimulation without mAb. OCI-
Ly 10 labeled with rituximab, obinutuzumab, and Bl 836826 resulted in at least 2-
fold [2.18- (8.311.5% vs. 3.8+1.3%), 5.32- (20.2+1.4% vs. 3.8£1.3%), and 4.16-fold
(15.840.8% vs. 3.8+1.3%), respectively] increase of CD 107a expression on the
surface of CD56+/CD3- NK cells compared to stimulation without mAb. OCI-Ly 10
labeled with obinutuzumab or Bl 836826 elicited significantly higher killing
efficacy as compared to rituximab (20.2+1.4% and 15.8+0.8% vs. 8.3+1.5%,
p=0.018, n=10). With OCI-Ly 3 only Bl 836826 resulted in a significantly higher
killing efficacy compared to rituximab (13.6+£0.6% vs. 8.9+0.8%, p=0.03, n=10)
(Figure 22).
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Fig. 22  Results of ADCC as measured by CD107a degranulation assay using ABC-type
lymphoma cell lines as target and healthy donor CD56+ cells as effector cells.
Effector cells were incubated with rituximab-, obinutuzumab-, Bl 836826- or
ofatumumab- (10 pg/mL each) labeled target cells at a 10 to 1 ratio over 6

hours.
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3.2.1.4 ADCC with patient cells by CD 107a degranulation assay

3.2.1.4.1 Obinutuzumab and Bl 836826 enhance degranulation of NK cells
obtained from healthy donors or patients with follicular lymphoma

Fresh CD56+ NK cells were isolated from peripheral blood of healthy donors. CD
107a expression of healthy donor NK cells incubated with follicular lymphoma
cells and labeled with rituximab was significantly higher than CD 107a expression
of NK cells not labeled with rituximab (13.8+1.7% vs. 6.7£0.7%, p<0.01, n=3).
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Fig. 23 Results of ADCC as measured by CD107a degranulation assay using patient
follicular lymphoma cells as target cells and healthy donor CD 56+ NK cells (A)
or patient CD56+ NK cells (B) as effector cells. Effector cells were incubated
with rituximab-, obinutuzumab-, or Bl 836826- (10 pug/mL each) labeled target

cells at a 10 to 1 ratio over 6 hours.
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When follicular lymphoma cells were labeled with obinutuzumab and Bl 836826,
CD 107a expression of healthy donor CD3-/CD56+ NK cells increased at least 2-
fold [4.45- (29.845.2% vs. 6.7£0.7%) and 2.59- (17.4+1.6% vs. 6.7+0.7%),
respectively] compared to stimulation without antibody. Obinutuzumab showed
significantly better cytotoxicity compared to rituximab and Bl 836826 (Figure
23A). (29.8+5.2% vs. 13.8+1.7% and 17.35%1.6%, p=0.04, n=3)

CD 107a expression on the surface of autologous NK cells incubated with FL cells
and labeled with rituximab showed no significant difference to CD 107a
expression of NK cells incubated with unlabeled target cells (4.5£1.43% vs.
3.7+£0.8%, p>0.05, n=3). In contrast to rituximab, follicular lymphoma cells
labeled with obinutuzumab and Bl 836826 increased CD 107a expression at least
4-fold [4.92- (18.2+0.8% vs. 3.7+0.8%) and 4.73- (17.5£1.1% vs. 3.7+0.8%),

respectively] compared to stimulation without antibody (Figure 23B).

3.2.1.4.2 Only Bl 836826 enhances degranulation of patient NK cells in the
presence of cells from patients with mantle cell ymphoma

Following stimulation by mantle lymphoma cells labeled with rituximab,
obinutuzumab or Bl 836826, both healthy donor and autologous NK cells showed
low expression of CD 107a when compared to NK cells stimulated by labeled
lymphoma cell lines tested. As shown in Figure 24(A), mantle cell lymphoma cells
labeled with obinutuzumab showed 2.78-fold (3.240.2% vs. 1.2+0.3%, p=0.02,
n=4) killing efficacy compared to rituximab; target cells labeled with Bl 836826
elicited significantly superior expression of CD 107a on healthy donor NK cells
compared to target cells labeled with rituximab or obinutuzumab (5.440.3% vs.
3.240.2% vs. 1.2+0.3%, p<0.01, n=4).

In contrast to the results with healthy donor NK cells, patient NK cells
significantly increased killing of MCL only when Bl 836826 was used as labeling
antibody (3.7+0.6%, n=4). Rituximab, obinutuzumab like no antibody had no
significant effect on killing efficacy (1.0£0.1%, 0.5+0.1% and 0.1+0.1%, p>0.05,
n=4)(Figure 24B).
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Fig. 24 Results of ADCC as measured by CD107a degranulation assay using patient
mantle cells as target cells and healthy donor CD 56+ cell (A) or patient CD56+
cells (B) as effector cells. Effector cells were incubated with rituximab,
obinutuzumab, or Bl 836826 (10 pug/mL each) labeled target cells at a 10 to 1

ratio over 6 hours.

3.2.1.4.3 Diffuse large B-cell ymphoma cells labeled with obinutuzumab and BI
836826 enhance degranulation of healthy donor and patient NK cells

Following stimulation with diffuse large B-cell lymphoma cells labeled with
rituximab, obinutuzumab or Bl 836826, CD107a expression of healthy donor NK
cells showed a higher killing efficacy compared to stimulation without antibody,
with 5.7£0.6%, 13.7+2.7%, and 12.5+1.3% of NK cells being CD 107a positive,
respectively (Figure 25A).
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CD 107a expression on the surface of autologous NK cells incubated with diffuse
large B-cell lymphoma cells labeled with rituximab showed no difference to CD
107a expression when target cells were unlabeled. In contrast to rituximab,
diffuse large B-cell lymphoma cells labeled with obinutuzumab and Bl 836826
increased CD 107a expression on the surface of CD3-/CD56+ NK cells more than
9-fold (9.27- and 9.79-fold respectively) [9.27- (8.9£1.9% vs. 0.9+0.8%) and 9.79-
(9.443.1% vs. 0.9+0.8%), respectively] compared to stimulation without antibody
(Figure 25B).
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Fig. 25 Results of ADCC as measured by CD107a degranulation assay using DLBCL
cells as target cells and healthy donor CD 56+ NK cell (A) or patient CD56+ NK
cells (B) as effector cells. Effector cells were incubated with rituximab-,
obinutuzumab-, or Bl 836826- (10ug/mL each) labeled target cells ata 10 to 1

ratio over 6 hours.
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3.2.2 Europium release assay
3.2.2.1 Europium release assay with various lymphoma cell lines

To compare the cytotoxic effects of different antibodies in vitro, GCB-type
lymphoma cell lines (SU-DHL-4, Ramos, and Karpas 422) and ABC-type lymphoma
cell lines (OCI-Ly 10 and OCI-Ly 3) were used as target cells. Effector cells were
incubated separately with rituximab-, obinutuzumab-, Bl 836826- or
ofatumumab- (10pg/mL each 10°cells) labeled target cells at a 10 to 1 ratio over
4 hours. Representative data using different lymphoma cell lines are shown in
Figures 26 and 27. All lymphoma cell lines showed spontaneous release in the
range of 12.94+3.91% to 15.33+4.79%, respectively (n=12) (Table 5) except for
Ramos and OCI-Ly 3, both of which showed a higher spontaneous release
(21.53%4.51% and 21.06+4.59%, respectively).

Table5  Spontaneous release of Eu** from GCB-type or ABC-type lymphoma cell lines

in a 4-h cytotoxicity assay®.

Cell lines % release of Eu’*
SU-DHL-4 14.14 £+ 1.75%
GCB- type Ramos 21.53+4.51%
Karpas 422 12.94 +3.91%
OCl- Ly 10 15.33+4.79%
ABC-type
OCl-Ly 3 21.06 £ 4.59%

® Target cells were labeled with Eu3+, as described in Materials and Methods. The data are mean
percentages + SD of spontaneous release. Data obtained from 12 cytotoxicity assays performed with normal

controls.

For GCB-type lymphoma cell lines, target cells labeled with rituximab showed
higher specific lysis than after labeling with ofatumumab or no antibody.
Obinutuzumab and Bl 836826 showed superior killing efficacy compared to
rituximab, reaching specific lysis of 82.38+7.16% and 83.03+13.46% with SU-DHL-
4, 59.46+21.30% and 52.81+21.20% with Ramos, and 72.78+7.38% and
87.12+9.12% with Karpas 422 (n=12).
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Fig. 26 Results of ADCC as measured by Europium release assay using GCB-type
lymphoma cell lines as target cells and healthy donor lymphocytes as
effector cells. Effector cells were incubated with rituximab-,
obinutuzumab-, Bl 836826- or ofatumumab- (10 ug/mL each) labeled
target cells at a 10 to 1 ratio over 4 hours.
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Comparing the killing of different ABC-type lymphoma cell lines, OCI-Ly 10
labeled with obinutuzumab or BI 836826 induced specific lysis of more than 80%
(88.54+12.81% vs. 82.10+14.04%) compared to rituximab where specific lysis was
only 58.36110.35%. All antibodies except ofatumumab elicited higher
cytotoxicity than stimulation without antibody. With OCI-Ly 3, lysis induced by

any of the tested antibodies was in the range of 52.49+17.89% (ofatumumab) to

67.30+19.66% (rituximab) with no significant difference between antibodies

(n=12).
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Results of ADCC as measured by Europium release assay using ABC-type
lymphoma cell lines as target cells and healthy donor lymphocytes as
effector cells. Effector cells were incubated with rituximab-,
obinutuzumab-, Bl 836826- or ofatumumab- (10 ug/mL each) labeled
target cells at a 10 to 1 ratio over 4 hours.
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3.2.2.2 ADCC with patient cells by Europium release assay

Spontaneous release of primary lymphoma cells was measured 2 hours after
thawing. Primary lymphoma cells showed relatively higher spontaneous release
compared with lymphoma cell lines (in the range of 24.35+3.67% to 29.23+3.91%
vs. 12.94+3.91% to 15.33+4.79%,) (Table 6).

Table 6  Spontaneous release of Eu®* from follicular lymphoma cells (FL), mantle cell
lymphoma cells (MCL) and diffuse large B-cell lymphoma cells (DLBCL) in
4-h cytotoxicity assay®.

Lymphoma cells % release of Eu**
FL 24.35 +3.67
MCL 27.64 £3.07
DLBCL 29.23 +3.19

® Target cells were labeled with Eu3+, as described in Materials and Methods. The data are mean
percentages + SD of spontaneous release. Data obtained from at least 6 independent experiments

performed with normal controls.

3.2.2.2.1 Obinutuzumab and Bl 836826 enhance specific lysis of FL cells by NK
cells obtained from healthy donors or patients

Overall, follicular lymphoma cells showed higher spontaneous release
(24.35%3.67%, n=3) (Table 6) than GCB- or ABC-type lymphoma cell lines, except
for Ramos and OCI-Ly 3. Follicular lymphoma cells labeled with rituximab showed
significantly higher specific lysis in the presence of healthy donor NK cells
(53.66+3.01% vs. 31.06+£5.03%, p=0.01, n=3) or autologous NK cells (33.89+6.05%
vs. 20.58+2.11%, p<0.05, n=3) compared to stimulation without antibody. In
contrast to rituximab, labeling with ofatumumab showed no difference
compared to stimulation without antibody. Both, obinutuzumab and Bl 836826,
showed superior specific lysis in the presence of healthy donor NK cells
(93.4617.03%, and 89.12+8.06%, vs. 53.66%3.01%, p=0.01, n=3) or autologous NK
cells (73.8919.02% and 68.36+8.17% vs. 33.89+6.05%, p=0.01, n=3) compared to

follicular lymphoma cells labeled with rituximab.
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Fig. 28 Results of ADCC as measured by Europium release assay using follicular
lymphoma cells as target cells and healthy donor CD 56+ cells (A) or patient
CD56+ cells (B) as effector cells. Effector cells were incubated with
rituximab-, obinutuzumab-, Bl 836826- or ofatumumab- (10 pug/mL each)

labeled target cells at a 10 to 1 ratio over 4 hours.

3.2.2.2.2 Obinutuzumab and Bl 836826 enhance specific lysis of patient MCL by

NK cells obtained from healthy donors or patients

Mantle cell lymphoma cells from patients showed higher spontaneous release
than GCB-type or ABC-type lymphoma cell lines reaching a mean percentage of
27.64+3.07%. Mantle cell lymphoma cells labeled with rituximab showed

significant higher specific lysis in presence of healthy donor NK cells
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(49.4449.12%, vs. 28.6714.01%, p=0.03, n=4) or autologous NK cells (5.79+0.09%
vs. 1.13+1.97%, p=0.01, n=4) compared to stimulation without antibody. In
contrast to rituximab, ofatumumab made no difference compared to stimulation

without antibody.

Both, obinutuzumab and BI 836826, showed superior specific lysis in the
presence of healthy donor NK cells (80.05+9.89% and 81.77+20.01% vs.
49.4448.86%, p<0.02, n=4) or autologous NK cells (11.22+2.79% and
12.94+3.15% vs. 5.79+0.93%, p=0.02, n=4) compared to mantle cell lymphoma
cells labeled with rituximab.
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Fig. 29  Results of ADCC as measured by Europium release assay using mantle cell
lymphoma cells as target cells and healthy donor CD 56+ cells (A) or patient
CD56+ cells (B) as effector cells. Effector cells were incubated with
rituximab-, obinutuzumab-, Bl 836826- or ofatumumab- (10 pg/mL each)

labeled target cells at a 10 to 1 ratio over 4 hours.
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3.2.2.2.3 Obinutuzumab and Bl 836826 enhance specific lysis of patient DLBCL
by NK cells from healthy donors or patients

Diffuse large B-cell lymphoma cells from patients showed higher spontaneous
release than GCB-type or ABC-type lymphoma cell lines with a mean percentage
of 29.23+3.19%.
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Fig. 30  Results of ADCC as measured by Europium release assay using diffuse large
B-cell lymphoma cells as target cells and healthy donor CD 56+ cells (A) or
patient CD56+ cells (B) as effector cells. Effector cells were incubated with
rituximab-, obinutuzumab-, Bl 836826- or ofatumumab- (10 pg/mL each)
labeled target cells at a 10 to 1 ratio over 4 hours.
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Diffuse large B-cell lymphoma cells labeled with rituximab showed significant
higher specific lysis in the presence of healthy donor NK cells (46.80+12.10% vs.
29.89+4.99%, p<0.05, n=5) or autologous NK cells (12.92+5.05% vs. 1.08+2.07%,
p=0.02, n=5) compared to stimulation without antibody. In contrast to rituximab,

ofatumumab made no difference compared to stimulation without antibody.

Both, obinutuzumab and Bl 836826 showed superior specific lysis in the presence
of healthy donor NK cells (76.93+8.23% and 81.16+19.17% vs. 46.80+£12.10%,
p=0.01 and p=0.03, respectively, n=5) compared to diffuse large B-cell ymphoma
cells labeled with rituximab. With autologous NK cells, only obinutuzumab
showed superior specific lysis (24.46+3.89% vs. 12.92+5.05%, p=0.02, n=5)
compared to DLBCL labeled with rituximab.
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3.3 Complement-dependent cytotoxicity (CDC)

Complement-dependent cytotoxicity (CDC) is thought to be another important
mechanism of action of the anti-CD 20 antibodies. In order to evaluate CDC,
measurement of cell viability is necessary. Several methods to measure cell
viability have been described: the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay determines mitochondrial activity, the
lactate dehydrogenase assay evaluates the extent to which live cells are
damaged. Assays using fluorescent dyes like 7-AAD (7-aminoactinomycin D) or PI
(Propidium lodide) use the property of living cells to actively excrete these dyes
while dead or damaged cells are penetrated and labeled. Fluorescence-based
assays are not only compatible with a wide range of cytological labeling
techniques but also more sensitive and convenient. To evaluate CDC induced by
various monoclonal antibodies, a flow cytometry-based cytotoxicity assay,

namely the Pl staining cell death assay, was used.

3.3.1 Establishment of the PI staining cell death assay

Pl (propidium iodide) is a fluorescent DNA-intercalating agent that can be used to
stain living cells. Pl binds to nucleic acids by intercalating DNA bases with little or
no sequence preference and with a stoichiometry of one molecule per 4-5 DNA

1% To investigate complement-dependent cytotoxicity evoked by

base pairs.
different antibodies, we applied the Pl staining cell death assay to various
lymphoma cell lines and patient cells varying the concentration of healthy donor

or patient serum.

Pl

Dead cells

Viable cells

FITC-A
Fig. 31  Gating strategy to exclude viable target cells during Pl staining cell death assay.
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3.3.2 CDC with lymphoma cell lines

We found that target cells labeled with different mAbs induce CDC to different
extents (Figure 32). The viability of lymphoma cell lines used in these
experiments was in the range of 80.5+2.2% to 84.8+3.1%. For OCI-Ly 3 cells, the

viability was 74.5%+3.3% after 4 hours incubation.
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Fig. 32  Results of CDC as measured by Pl assay using GCB type lymphoma cell lines

incubated with healthy donor serum and rituximab, obinutuzumab, Bl 836826

or ofatumumab (10 pg/mL each) over 4 hours.
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By increasing the volume of serum from healthy donors, all mAbs used showed
increasing CDC although with different intensity. In general, ofatumumab
showed the highest CDC in all GCB-type lymphoma cell lines while obinutuzumab
and Bl 836826 showed low or no cytotoxicity. The induction of CDC in Su-DHL-4
was as follows: ofatumumab or rituximab >> obinutuzumab > Bl 836826. With
Ramos cells, obinutuzumab and Bl 836826 induced very low CDC compared to

ofatumumab and rituximab.

For ABC-type lymphoma cell lines, ofatumumab again showed higher CDC than
rituximab and obinutuzumab but no significant difference between ofatumumab
and Bl 836826 was detected. Induction of CDC with OCI-Ly 3 cells was as follows:
ofatumumab or Bl 836826 > rituximab >> obinutuzumab. When OCI-Ly 10 was
labeled with ofatumumab, 2ul serum of a healthy donor could kill 70% of target
cells. Lymphoma cells labeled with rituximab and Bl 836826 showed the same

degree of CDC while obinutuzumab showed almost no CDC (Figure 33).
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Fig. 33  Results of CDC as measured by Pl assay using ABC type lymphoma cell lines
incubated with healthy donor serum and rituximab, obinutuzumab, Bl 836826

or ofatumumab (10 pg/mL each) over 4 hours.
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3.3.3 CDC with patient cells by Pl staining cell death assay

3.3.3.1 Ofatumumab induces strong CDC with follicular lymphoma cells with

serum from healthy donors or patients

The viability of follicular lymphoma target cells was 81.7+£3.4% after 4 hours of
incubation. Three independent experiments were done. Figure 34(A) shows that
target cells labeled with ofatumumab and incubated with serum from healthy
donors induces strong CDC. Between 50.218.2% and 71.8+6.8% of target cells
were killed after incubation with serum at volumes of 2 uL and 10 pL. In contrast
to ofatumumab, obinutuzumab did not induce high levels of CDC. Target cells
labeled with obinutuzumab and incubated with serum from healthy donors
induced weak CDC only. Between 16.9£2.7% and 30.0+4.3% of target cells were
killed after incubation with serum at volumes of 2 pyL and 10 pL. Rituximab
induced intermediate cytotoxicity (33.0+5.7% and 61.2+4.9% of dead cells with
serum at volumes of 2 pL and 10 pl). Bl 836826 performed similar to
obinutuzumab at serum volumes of 2 pL (18.5+1.2% dead cells); however, CDC
elicited by Bl 836826 increased to 45.4+7.1% when serum at a volume of 10 pL

was used.

Figure 34(B) demonstrates CDC induced by autologous serum in follicular
lymphoma cells labeled with different antibodies. Ofatumumab again showed
high levels of CDC induction. The viability of follicular lymphoma cells decreased
from 79.945.7% to 30.9+2.9% when the target cells were labeled by ofatumumab
and incubated with 2 pL of autologous serum, and further dropped to 4.1+3.5%
when incubated with 10 pL of serum. Obinutuzumab showed the lowest level of
CDC. The viability of target cells decreased from 59.8+4.5% to 49.8+2.5% with 2
pL autologous serum and remained relatively high at 39.3+1.8% when 10 uL
serum were used. Rituximab and Bl 836826 induced similar levels of CDC. The
viability of target cells labeled with these two antibodies decreased from
69.4+1.9% and 62.613.4% to 44.0+5.6% and 36.9+6.2%, respectively, when
incubated with 2 pL serum and decreased to 29.5+1.6% and 22.9£3.0% when
incubated with 10 pL serum. The strength of CDC induction in follicular
lymphoma cells was as follows: ofatumumab > rituximab or Bl 836826 >

obinutuzumab.
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Fig. 34  Results of CDC as measured by Pl staining cell death assay using follicular
lymphoma cells as target cells labeled with rituximab, obinutuzumab, BI

836826 or ofatumumab (10 pg/mL each) and incubated with healthy donor

serum (A) or patient serum (B) over 4 hours.

3.3.3.2 Serum from patients with MCL failed to induce CDC

The viability of mantle lymphoma cells was 65.9+4.3% after 4 hours of incubation.

MCL cells labeled with ofatumumab and incubated with serum from healthy
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donors showed induction of CDC at high levels (Figure 35A). The viability of MCL
cells decreased from 64.0£5.2% to 29.1+6.1% when target cells were labeled
with ofatumumab and incubated with 2 yL serum from healthy donors, and
further dropped to 16.45+£1.5% when incubated with 10 puL serum. There was no
significant CDC induction when MCL cells were labeled with rituximab,
obinutuzumab and Bl 836826.

Figure 35(B) demonstrates CDC induced by autologous serum when MCL target
cells were labeled with different antibodies. There was no significantly different
CDC induction when MCL cells were labeled with rituximab, obinutuzumab, BI
836826 or ofatumumab.
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Fig. 35  Results of CDC as measured by PI staining cell death assay using MCL cells as
target cells labeled with rituximab, obinutuzumab, Bl 836826 or ofatumumab
(10 pg/mL each) and incubated with healthy donor serum (A) or patient

serum (B) over 4 hours.
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3.3.3.3 Both rituximab and ofatumumab induce strong CDC with diffuse large
B-cell lymphoma cells with serum from healthy donors or patients

The viability of diffuse large B-cell lymphoma cells was 74.414.1% after 4 hours
incubation. DLBCL cells labeled with ofatumumab, Bl 836826 or rituximab and
incubated with serum from healthy donors showed high induction of CDC (Figure
36A). The viabilities of DLBCL cells labeled with these antibodies decreased from
74.3+2.0%, 59.31£3.1% and 61.5+2.7% to 22.5£1.9%, 30.4+3.7% and 32.3+£2.9%,
respectively, when incubated with 2 pL serum and further decreased to 3.6+0.8%,
6.6+1.0% and 11.41+2.1% when incubated with 10 pL serum. Obinutuzumab did
not induce CDC when DLBCL cells were incubated with serum from healthy

donors.
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Fig. 36 Results of CDC as measured by PI staining cell death assay using DLBCL cells as
target cells labeled with rituximab, obinutuzumab, Bl 836826 or ofatumumab
(10 pg/mL each) and incubated with healthy donor serum (A) or patient

serum (B) over 4 hours.




Results 75

Figure 36(B) demonstrates CDC induced by autologous serum when incubated
with DLBCL cells labeled with different antibodies. Ofatumumab and rituximab
showed high levels of CDC induction. The viability of DLBCL cells decreased from
71.0+5.4% and 64.316.1% to 31.7+3.9% and 39.5+4.8%, respectively, when
target cells were labeled with ofatumumab or rituximab and incubated with 2 pL
autologous serum and further dropped to 9.6£2.2% and 16.4+1.7%, respectively,
when incubated with 10 pL serum. Obinutuzumab and Bl 836826 showed lower
levels of CDC. The viability of target cells decreased from 71.35.9% and
64.6+4.7% to 64.6+3.6% and 51.3+2.6%, respectively, when incubated with 2 pL
autologous serum and dropped to 49.6+£3.4% and 44.412.6% when incubated
with 10 pL serum.
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3.4 Programmed cell death (PCD)

To evaluate PCD induced by various monoclonal antibodies, a flow cytometry-
based cytotoxicity assay, namely the Annexin V / Pl staining programmed cell

death assay, was used.

3.4.1 Establishment of the Annexin V / Pl staining PCD assay

To investigate programmed cell death evoked by different antibodies, we applied
the Annexin V and Pl staining cell death assay to various lymphoma cell lines to
differentiate early stage of apoptosis and late stage of apoptosis or necrosis
(Figure 37).
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Fig. 37  Gating strategy to differentiate early stage of apoptosis from late stage of
apoptosis or necrosis as reflected by the Annexin V / Pl staining cell death

assay.
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3.4.2 PCD with lymphoma cell lines

Different stages of PCD (total PCD, early stage apoptosis, late stage apoptosis)

were analyzed separately.

3.4.2.1 Total PCD with lymphoma cell lines

To compare PCD using different antibodies in vitro, GCB-type lymphoma cell lines
(SU-DHL-4, Ramos, and Karpas 422) and ABC-type lymphoma cell lines (OCI-Ly 10
and OCI-Ly 3) served as target cells. Target cells at a concentration of 1x10°
cells/mL were labeled separately with rituximab, obinutuzumab, ofatumumab or
Bl 836826 (10 ug/mL each) and incubated over 4 hours. The cells were stained

with Pl and Annexin V in Annexin V binding buffer before measurement.

Target cells labeled with different mAbs all induce PCD but to different extents
(Figure 38 and 39). Annexin V - positive cells measured by FACS represent the
total percentage of PCD (early and late stage of apoptosis or necrosis). The
percentage of Annexin V - positive cells from lymphoma cell lines without
labeling antibody was in the range of 16.8+3.01% to 25.9+5.98%, except for OCI-
Ly 3 cells which showed higher spontaneous labeling (33.4+5.39%). In general,
obinutuzumab and Bl 836826 led to higher PCD in all GCB-type lymphoma cell
lines while ofatumumab showed low or no PCD. PCD in GCB-type lymphoma cell
lines can be described as follows: obinutuzumab or Bl 836826 > rituximab >

ofatumumab.
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Fig. 38  Results of PCD as measured by Annexin V / Pl assay using GCB-type lymphoma
cell lines incubated with rituximab, obinutuzumab, Bl 836826 or ofatumumab

(10 pug/mL each) over 4 hours.
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For ABC-type lymphoma cell lines, again obinutuzumab showed strong PCD; no
significant difference between ofatumumab and baseline was detected. Total
PCD with OCI-Ly 3 cells was as follows: obinutuzumab > rituximab or Bl 836826
>> Ofatumumab. When OCI-Ly 10 was labeled with obinutuzumab or Bl 836826
both showed similar degrees of PCD and could kill 80.8+4.12% or 82.5+3.34% of

target cells after 4 hours incubation.
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Fig. 39  Results of PCD as measured by Annexin V / Pl assay using ABC-type lymphoma
cell lines incubated with rituximab, obinutuzumab, Bl 836826 or ofatumumab
(10 pg/mL each) over 4 hours.
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3.4.2.2 Early stage apoptosis with lymphoma cell lines

Figure 40 and Figure 41 show early stage apoptosis induced in lymphoma cell
lines by different antibodies. Cells undergoing early stage apoptosis are stained
by Annexin V but not Pl. Lymphoma cell lines not labeled with antibody were
Annexin V-positive (0.4t£0.1% to 7.9+4.99% positive cells) and Pl - negative. No

significant difference between ofatumumab and baseline was detected.
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Fig. 40  Results of early stage apoptosis as measured by Annexin V / Pl assay using
GCB-type lymphoma cell lines incubated with rituximab, obinutuzumab, BI

836826 or ofatumumab (10 pg/mL each) over 4 hours.
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For Su-DHL-4 and Ramos, Bl 836826 induced stronger early stage apoptosis
(44.0+3.87% and 23.9+2.21% of Annexin V+/PI-) than rituximab (25.0%+2.75%and
15.1+1.75%) or obinutuzumab (32.842.97% and 11.3+1.68%). Obinutuzumab
showed the same degree of early stage apoptosis compared with Bl 836826
(27.943.89% vs. 27.0+4.76%) in Karpas 422 lymphoma cell line.

For ABC-type lymphoma cell lines, again obinutuzumab showed the strongest
early stage apoptosis. Apoptosis of OCI-Ly 3 cells was as follows: obinutuzumab
(35.4+£5.53%) > rituximab or Bl 836826 (20.1+5.88% or 22.3%3.12%) >>
ofatumumab (8.615.20%). When OCI-Ly 10 was labeled with obinutuzumab or Bl
836826 (40.6%+2.25% or 45.1+1.97%) both showed very similar degrees of early

apoptosis.
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Fig. 41  Results of early stage apoptosis as measured by Annexin V / Pl assay using
ABC-type lymphoma cell lines incubated with rituximab, obinutuzumab, BI

836826 or ofatumumab (10 pg/mL each) over 4 hours.
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3.4.2.3 Late stage apoptosis or necrosis with lymphoma cell lines

Cells at late stage of apoptosis or necrosis are detected as Annexin V - positive
and PI - positive (Annexin V + / Pl +) (Figure 42 and 43). Fifteen to 20 % of cells of
lymphoma cell lines not labeled with antibody were Annexin V +/ Pl + except for
OCl-Ly 3 cells (25.4945.13% Annexin V +/ Pl +).
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Fig. 42  Results of late stage apoptosis as measured by Annexin V / Pl assay using GCB-
type lymphoma cell lines incubated with rituximab, obinutuzumab, Bl 836826

or ofatumumab (10 pug/mL each) over 4 hours.
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Obinutuzumab and Bl 836826 showed stronger apoptosis at late stage or
necrosis in all GCB-type lymphoma cell lines while rituximab or ofatumumab
showed low or no apoptosis. The strength of late stage apoptosis or necrosis in
GCB-type lymphoma cell lines was as follows: obinutuzumab or Bl 836826 >

rituximab or ofatumumab (Figure 42).

When OCI-Ly 10 representing ABC-type lymphoma was labeled with
obinutuzumab or Bl 836826 late stage apoptosis or necrosis was higher than with
other antibodies (40.2+2.25% or 37.4+2.12%); no significant difference between
ofatumumab, rituximab or no antibody for late stage apoptosis / necrosis was
detected. Apoptosis or necrosis with OCI-Ly 10 cells was as follows:
obinutuzumab or Bl 836826 > rituximab or ofatumumab. For OCI-Ly 3, there was
no significant difference among all different antibodies and baseline after 4

hours of incubation (Figure 43).
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Fig. 43  Results of late stage of apoptosis as measured by Annexin V / Pl assay using
ABC-type lymphoma cell lines incubated with rituximab, obinutuzumab, BI

836826 or ofatumumab (10 pg/mL each) over 4 hours.
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3.4.3 PCD with patient cells by Annexin V/PI assay

3.4.3.1 Obinutuzumab and Bl 836826 induce stronger PCD than rituximab in

follicular lymphoma cells

We found that follicular lymphoma cells labeled with different antibodies induce
PCD to different extents (Figure 44). Follicular lymphoma cells labeled with
obinutuzumab and Bl 836826 showed the strongest total PCD (78.5+7.50% and
87.416.25% of Annexin-positive cells) while ofatumumab showed no difference
compared with baseline. PCD in follicular lymphoma cells was as follows:
obinutuzumab or Bl 836826 > rituximab > ofatumumab. However, Bl 836826

induced stronger early stage apoptosis than obinutuzumab and rituximab.

3.4.3.2 Obinutuzumab and Bl 836826 induce stronger PCD than rituximab in
mantle cell lymphoma cells

MCL cells labeled with obinutuzumab and Bl 836826 also showed strong PCD
(78.2£7.47% and 83.5t7.66% Annexin V-positive cells) while ofatumumab
showed no difference compared with baseline (Figure 45). There was no
significant difference among different antibodies, even when compared with
baseline for late stage apoptosis. However, Bl 836826 showed superior PCD

induction at early stage of apoptosis.

3.4.3.3 Obinutuzumab and Bl 836826 induce stronger PCD than rituximab in
diffuse large B-cell ymphoma cells

Figure 46 shows that DLBCL cells labeled with obinutuzumab and Bl 836826
showed strong PCD (72.1+4.89% and 81.1+7.38% of Annexin V — positive cells)
while ofatumumab showed no difference compared with baseline. At late stage
of apoptosis, obinutuzumab showed superior PCD induction while Bl 836826

showed superior PCD induction at early stage of apoptosis.
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rituximab obinutuzumab Bl 836826 ofatumumab

Results of PCD as measured by Annexin V / Pl assay using FL cells incubated
with rituximab, obinutuzumab, Bl 836826 or ofatumumab (10 pg/mL each)
over 4 hours. (A) total PCD (Annexin V +), (B) early stage apoptosis (Annexin V
+/PI-), and (C) late stage apoptosis or necrosis (Annexin V + / Pl +).




Results

86

Fig. 45
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Results of PCD as measured by Annexin V / Pl assay using MCL cells incubated
with rituximab, obinutuzumab, Bl 836826 or ofatumumab (10 pg/mL each)
over 4 hours. (A) total PCD (Annexin V +), (B) early stage apoptosis (Annexin V
+/Pl-), and (C) late stage apoptosis or necrosis (Annexin V + / Pl +).
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Fig. 46
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pg/mL each) over 4 hours. (A) total PCD (Annexin V +), (B) early stage

apoptosis (Annexin V + / Pl -), and (C) late stage apoptosis or necrosis
(Annexin V + / Pl +).
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3.4.4 Obinutuzumab and Bl 836826 evoke strong homotypic aggregation with
lymphoma cell lines and primary lymphoma cells

To investigate homotypic aggregation with different lymphoma cells, wide field
live imaging microscopy was used. Lymphoma cells were randomly settled in a p-
slide glass bottom well at concentration of 1x10°cells/ml and incubated with
rituximab, obinutuzumab, ofatumumab or Bl 836826 (10 pug/mL each) over 24
hours. Figure 47 shows the homotypic aggregation of SU-DHL-4 incubated with
different antibodies. After injection of antibody into the wells, obinutuzumab
and Bl 836826 induced strong adhesion. Within one hour, several colonies were
observed. After 24 hours of incubation, lymphoma cells incubated with
obinutuzumab or Bl 836826 showed stronger homotypic aggregation than cells
incubated with rituximab. The homotypic aggregation of lymphoma cells was as

follows: Obinutuzumab > Bl 836826 > rituximab > ofatumumab.
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Fig. 47 Obinutuzumab and Bl 836826 induce rapid and pronounced homotypic
aggregation of SU-DHL-4 and OCI-Ly 10, as well as FL cells, MCL cells and
DLBCL cells, whereas rituximab and ofatumumab induce only weak
aggregation.
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3.5 Additional results on treatment of T- and B-cell lymphoma

3.5.1 Allogeneic transplantation in relapsed and refractory T-cell lymphoma %

The first report on alloSCT for relapsed and refractory T-cell lymphoma was
published almost ten years ago. Corradini et al. described 17 patients with PTCL,
AITL or ALK-negative ALCL who had undergone alloSCT from an HLA-identical
family donor (one unrelated donor) after reduced-intensity conditioning (RIC)
with thiotepa, cyclophosphamide, and fludarabine. Prophylaxis of graft-vs.-host
disease (GvHD) consisted of cyclosporine A (CyA) and short-course methotrexate
(MTX). The estimated 3-year overall and progression-free survival rates (OS, PFS)
were reported at 81 % and 64 %, respectively. More recently, the same group of
investigators gave another report on 52 patients with all major T-cell subtypes,
some of whom had been included in the previous report already. In the new
publication the majority of patients still had an HLA-identical family donor (n=33);
only13 donors were matched but unrelated and six donors were haplo-identical.
The T-cell lymphoma subtypes were PTCL (n=23), AITL (n=9), ALCL, ALK-negative
(n=11) and other histologies (n=9). The median age of the patients was rather
young (47 years), the same conditioning regimen as before was used but anti-
thymocyte globulin (ATG) was added for patients having an unrelated donor. The
5-year OS and PFS was reported at 50 % and 40 %, respectively, with no
significant differences between the various histological subtypes. Of note, 51 %
of patients with chemo-sensitive disease but only 8 % with chemo-refractory

disease were alive at the time of publication.

Older age (>45 years) was another factor negatively influencing OS. Relapse rates
after RIC were high (49 % at 5 years) but TRM was rather low (12 %). Donor
lymphocyte infusions (DLIs) were given to 12 patients for disease progression
and 8 of these (66%) had a response (5 CR and 3 PR). The 5 CR patients were
reported to be alive after a median observation time of 5 years (2-8 years) while

the PR patients all progressed and died.

Recently, the Center for International Blood and Marrow Transplant Research

(CIBMTR) published an overview on their experience with autologous and
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allogeneic transplantation in patients with T-cell lymphoma. Covering the time
period from 1996 to 2006 the analysis reported clinical results of 51 patients
with ALCL (ALK-status unknown), 63 patients with PTCL NOS and 12 patients with
AITL. The median age of the recipients at the time of transplantation was 38
years (range 5-60 years) and the median number of previous regimens was three.
Sixty percent of recipients had an HLA-identical sibling donor, 24 patients had a
matched unrelated donor and 16 patients had a mismatched unrelated donor.
For all 126 patients who had been allografted PFS and OS at 3 vyears
posttransplant was 36 % and 39 % after myeloablative conditioning and 33 % and
52 % after RIC. Results did not significantly differ for patients transplanted
following myeloablative conditioning or RIC. Non-relapse mortality was 32 %
after myeloablative conditioning and 27 % after RIC, relapse rates were 32 %
after myeloablative conditioning and 40 % after RIC. There was no difference in
outcomes between patients transplanted from HLA-identical siblings or MUDs.
Neither acute nor chronic GvHD affected relapse or survival. Chemorefractory
disease and higher number of chemotherapy lines before alloSCT negatively

impacted on outcome.

Le Gouill et al. summarized the experience of the SFGM (Sociéte Francaise de
Greffe de Moelle et Thérapie Cellulaire). Seventy-seven patients with a median
age of only 38 years and various T-cell histologies [PTCL, n=27; ALCL (5 patients
ALK- negative; 8 patients ALK-positive; 13 patients with unknown ALK-status)
AITL, n=11; and other histologies, n=12] were transplanted from mostly HLA-
identical family donors (n=60) or unrelated donors (n=10). Seven patients
received transplants from mismatched unrelated donors. The conditioning
regimen was myeloablative in 57 of 77 patients (74 %). With a median follow up
of 43 months, the 5-year - OS and - EFS was 57 % and 53 %, respectively.
Interestingly, 2 patients had received donor lymphocyte infusions (DLI) and
achieved durable remissions afterwards. The 5-year transplant-related mortality
was 34 %. Factors negatively influencing OS in multivariate analyses were grade 3
to 4 acute GvHD and chemoresistant disease at time of alloSCT. The only factor

negatively influencing EFS was the disease status.

Kyriakou et al. reported the experience of the European Group for Blood and

Marrow Transplantation (EBMT) in patients with AITL. Forty-five patients were
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transplanted between 1998 and 2005 from HLA-identical siblings (n=26),
matched unrelated donors (n=16) or mismatched donors (n=3). The median age
of this group of patients was 48 years (range 23-68); 33 % of patients had failed a
previous autograft. The conditioning regimen was total-body irradiation (TBI) and
cyclophosphamide or etoposide in 16 patients, busulfan and cyclophosphamide
or other chemotherapyin 8 patients; RIC regimens like fludarabine plus an
alkylating agent or low-dose TBI (2 Gy) were used in 21 patients. GvHD
prophylaxis was heterogeneous but mostly consisted of CyA alone, CyA plus
methotrexate, or CyA plus Mycophenolate Mofetil (MMF). The non-relapse
mortality (NRM) was 25 % at 1 year after transplantation, the relapse rate was
estimated at 20 % at 3 years, PFS was 54 % and OS was 64 % at 3 years after
transplantation. Again, patients with chemosensitive disease had a significantly
better OS than patients with refractory disease (81 % vs. 37 % at 3 years).
Interestingly, none of the 19 patients developing chronic GvHD relapsed after
transplantation, whereas 57 % of patients (n=15) not developing chronic GvHD
relapsed. Two of four patients experiencing relapse after alloSCT responded to
DLls.

Glass et al. reported on 63 patients with PTCL (n=25), AITL (n=12), ALCL, ALK-
negative (n=11), T-lymphoblastic lymphoma (n=6) and T-PLL (n=5), who received
an alloSCT from an HLA-identical sibling (n=22), a matched unrelated donor (at
least HLA 8/8 loci compatible, n=41), after conditioning with fludarabine (125
mg/m?), busulfan (12 mg/ kg) and cyclophosphamide (120 mg/ kg body weight).
GVHD prophylaxis consisted of MMF and Tacrolimus. In contrast to other reports,
53 % of patients had active disease immediately prior to transplantation. OS at 3
years was 42 % and PFS was 43 %. TRM was 32.1 % and the relapse rate was 35
% for the whole group of patients. No significant differences in outcome for the
different histologies were seen, only the International Prognostic Index (IPIl)
before transplantation significantly influenced treatment results. Patients with
CR, PR or SD prior to alloSCT had very similar outcome, patients with progressive
disease fared less well. Patients with acute GvHD > grade 2 showed better results
than patients with no GvHD or GvHD grade 1.

Wulf et al. (manuscript submitted) recently updated the German results in a

larger cohort of 97 patients and confirmed the aforementioned results.
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Obviously, conditioning with fludarabine, busulfan and cyclophospamide
followed by transplantation of matched (10/10) related or unrelated grafts can
overcome chemo-resistance in a sizeable fraction of patients. GvHD prophylaxis
without ATG led to frequent and severe acute GvHD and high TRM. Consequently,

our next study will include ATG into the conditioning regimen for all patients.

Jacobsen et al. examined 52 adult patients who underwent allogeneic
transplantation at the Dana-Faber Cancer Institute between 1997 and 2009. The
T-cell histologies varied broadly but most patients suffered from PTCL (38 %),
mycosis fungoides / Sezary syndrome (13 %), ALCL (12 %) or AITL (10 %). The
median age of the patients was 46 years, only 21 % of patients had failed a
previous autograft. TRM at 3 years was 27 % (36 % for patients after
myeloablative conditioning and 14 % after RIC). The cumulative incidence of
relapse at 3 years was 43 % [33 % with myeloablative and 57 % with RIC
(p=0.049)]. OS at 3 years was 41 %, PFS was 30 %. In multivariable competing
risks regression analysis of NRM and relapse, RIC was a significant factor for
relapse (p=0.00005), conditioning intensity was not associated with NRM.
Interestingly, nine patients received DLI after relapse. Five of these nine patients
were still alive at the time of this report and the median OS had not been

reached.

Delioukina et al. reported on 27 patients treated with alloSCT after RIC with
fludarabine and melphalan. Median age of patients was 50 years and 56 % of
patients had an HLA-identical sibling donor. Eleven of these patients (41 %)
suffered from a cutaneous T-cell lymphoma. The 2-year-probability of OS was 55
%; PFS was 47 %. The cumulative incidence of relapse / progression was 30 %,

NRM was 22 %, respectively.

Czajczynska et al. recently reported the single center experience of the University
of Kiel, Germany. Twenty-four patients with a median age of 53 years and all
subtypes of T-cell ymphomas received standardized salvage therapy followed by
BEAM chemotherapy together with alemtuzumab for conditioning. The donors

were matched and unrelated in the majority of cases. Six patients (25 %) died of
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NRM, and six patients relapsed. Twenty of 22 evaluable patients reached CR
after alloSCT, 50 % of patients were alive and in CR at last follow up. The OS at 3
years was reported at 42 %. (Table 7)

Table 7 Results of allogeneic transplantation in relapsed / refractory T-cell

Author Patients Conditioning NRM  REL PFS 0s

Dodero 52 (33) TT/Cy/Flu 12% 49% 40% 50%

(2011)
Le Gouill 77 (60) Myeloablative 34% N.E. N.E. 57%
(2008)
Kyriakon 45 (26) Various 25% 20% 20% 64% AITL only
(2009)
Glass 63 Flu/Bu/Cy 32% 43% 42% 29 refractory
(2011) pts
Jacobsen 52 (24) TBi/Cy (31) 36% 33% 30% 41% Myeloablative
(2011) Bu/Flu(21)  14% 57% RIC
Delioukina 27 (15) Flu/Mel 22% 30% 47% 55% CTCLin 11 pts
(2012)
Czajczynska 24 (5) BEAM/ALEMT 25% 25% N.E. 42%
(2013)
Smith 74 MAC 32%  32% 36% 39%
(2013) 45 RIC 27% 40% 33% 42%

lymphomas. NRM= non-relapse mortality, REL= relapse, PFS= progression-free survival, OS= overall survival,
MAC=myeloablative conditioning, RIC=reduced intensity conditioning.

3.5.2 Hematopoietic Stem Cell Transplantation in Patients with Lymphomatoid

Granulomatosis'*®

The major patient characteristics, lines of treatment, and outcomes are
summarized in Table 7. The patient cohort finally consisted of five females and
five males aged between 19 and 53 years at the time of transplantation. Eight of
ten patients had been diagnosed with stage IV disease, the lungs were the most
frequently involved extranodal site (eight of ten patients) but involvement of

liver, CNS, kidneys, adrenals and bone marrow was also described. All patients
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had received at least two lines of therapy before transplantation including
Rituximab in 7 patients the median time interval from diagnosis to SCT being 9.5
(range 5-52) months. All patients had active disease at the time of SCT: six
patients were in partial remission (PR) immediately prior to their first transplant,
two had stable disease (SD) and two presented with progressive disease (PD).
Eight patients received HDT / ASCT as a first transplant; one of these patients
(patient 1) received a second autologous transplant after HDT including
ibritumomab tiuxetan (Zevalin®), another patient (patient 6) had a planned
double transplant procedure: BEAM / ASCT was followed by reduced-intensity
conditioning (RIC) and alloSCT from a matched unrelated donor (MUD). Three
more patients (patients 3, 5, 7) received allografts after RIC, one of them because
of relapse after HDT / ASCT (patient 3). The stem cell donor was an HLA matched
sibling in one and a MUD in the remaining two. Five of the eight ASCT patients
were transplanted after BEAM, the other patients received other HDT including
thiotepa, melphalan and carboplatinum; fludarabine, busulfan and
cyclophosphamide; or total body irradiation in combination with thiotepa and
cyclophoshamide. All conditioning regimens prior to allogeneic transplantation

were of reduced intensity (see table 8).

With a median follow up of 5.1 (range 1.4-6.3) years for surviving patients six of
ten patients are alive with no evidence of disease. Notably, only two patients
relapsed after transplantation; one of these patients is in continuous complete
remission (CCR) for almost 4 years after a second ASCT, the other patient died
three months after allogeneic transplantation from severe GvHD of the gut; at

this time, histology was diffuse large B-cell lymphoma rather than LG.

Two ASCT patients died of septicemia on days +8 or +9 after transplantation,
respectively; no evidence of LG was found at the autopsy in one of these patients,
the other patient had evidence of PD after ASCT. Unfortunately, patient 8

committed suicide 19 months post ASCT while being in remission from LG.
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Table 8 Patients Characteristics.

Patient Age’/ Stage'/Grade Sites of Disease''Yr Lines of Therapy  Preparatory Regimen Transplant/Time from Disease Best Response  Relapse Qutcome
Gender of Diagnosis Diagnosis to Status’  after
Transplantation (mao.) Transplantation
1 38/F IV A3 Lung/2005 R-CHOP BEAM Autof7 PR PR Yes Received second auto
R-I, MTX, E
Z-BEAM Auto Relapse CR No A&W, d +1456
2 48/M I BJ1 Lung/2007 Pred BEAM Auto/16 sb Autopsy: no No Died, d +8: septicemia, VOD
R evidence of LG
R-CHOP
3 37/F IV/not known  Lung, liver, lymph nodes/2004 CHOP BEAM Autof7 PR CR Yes NA
DHAP
ICE FM Allo NE NA No Died, d +1567: GvHD
4 53/F IV BJ2 Lung, liver, lymph nodes/2007 Cy-Dex FBC!? Auto/o sD CR No ASW, d +1864
R-CHOP
DHAP
a-IFN
HD-Cy
5 31/F 11 A/not known Lymph nodes/2002 V-CAMP FBC Allo/52 PR CR No A&W, d +1554
R-ICE
6 19/M IV Af3 Bone marrow, lymph nodes/2001 COPADM-COPAD BEAM Autof52
R
DHAP-VIM-
DHAP
FM'® Allo PR CR No ARW, d +2119
7 34/M IV BJ2 Lung, CNS/2004 R EM'® Allo/13 PD not known No ARW, d <2314
HD-MTX
AraC'®
8 31M IV AJ2/3 Lung/2000 Pred BEAM® Autof10 PR CR No Died, d +576: suicide
Cy
CHOP
9 53/M IV B2/3 Lung/2005 R-CHOP T™C Auto/5 PD PD not known Died, d -9:
ASHAP PD, sepsis
10 49/F IV B/1 Lung, liver, CNS, adrenals, kidney/2011 R-CHOP TC/TBI Autof5 PR PR No ARW, d +502
MTX
R-IE, AraC

R indicates rituximab; CHOP, cyclophosphamide, doxorubicin, vincristine, prednisone; I, ifosfamide; MTX, methotrexate; E, etoposide; BEAM, BCNU, etoposide, cytosine-arabinoside, melphalan; Z-BEAM, Zevalin+BEAM; Pred,
prednisone; DHAP, dexamethasone, cytosine-arabinoside, adriamycin, methotrexate, prednisone; ICE, ifosfamide, cyclophosphamide, etoposide; Cy, cyclophosphamide; IFN, interferon; FBC, fludarabine, busulphan, cyclo-
phosphamide; V-CAMP, vincristine, cyclophosphamide, adriamycin, methotrexate, prednisone; COPADM-COPAD, cyclophosphamide, vincristine, prednisone, doxorubicin, dexamethasone, methotrexate; VIM, VP-16, ifosfa-
mide, methotrexate; AraC, cytosine-arabinoside; ASHAP, adriamycin, solumedrol, cytosine-arabinoside, platinum; FM, fludarabine, melphalan; TMC, thiotepa, melphalan, carboplatinum; TC/TBI, thiotepa, cyclophosphamide,
total body irradiation; A&W, alive and well; PR, partial remission; PD, progressive disease; d, day; GvHD, graft-versus-host disease; VOD, veno-occlusive disease,

= At time of transplantation.

" At diagnosis.
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3.5.3 Risk of CNS Recurrence and Role of Prophylaxis in Diffuse Large B-Cell
Lymphoma'**

3.5.3.1 Risk of CNS disease™*

Table 9 summarizes findings of larger studies (> 200 patients) in patients with
aggressive B-cell lymphoma. Some of these studies randomized patients to R-
CHOP or CHOP; for these studies Table 9 reports the number of patients on R-
CHOP only; the risk factors mentioned are those found by multi-variate analyses
in patients treated with R-CHOP. Altogether, the data demonstrate that
secondary CNS involvement is a relatively rare complication of DLBCL occurring
in 2.3 — 8.4 % of patients analyzed. The variation in frequencies of CNS disease
reported by different authors most probably reflect the different patient
characteristics, especially the differences in age and distribution of IPI factors. It
remains controversial if the addition of Rituximab to CHOP decreased the
incidence of CNS disease. If any, the effect of Rituximab is moderate and the
problem of CNS disease is by no means solved. Risk factor analyses presented in
Table 9 as well as those from other smaller or less well documented studies of
the Rituximab- and pre-Rituximab era show that individual factors of the
International Prognostic Index (IP1) (age>60, high LDH, poor performance status,
advanced stage and more than 1 extranodal site) as well as various combinations
thereof significantly impact on the risk of CNS disease. In addition, involvement
of testis, kidney, adrenals, breast, bone marrow, and bone have been reported
to increase the risk of CNS disease. In the largest study done so far including
2164 patients treated with R-CHOP or R-CHOE(etoposide)P on prospective trials
conducted by the German High-Grade Lymphoma Study Group (DSHNHL) we
found evidence that presence of any of the 5 IPI factors and involvement of
kidneys/ adrenals increased the risk of CNS disease. However, even the roughly
6 % of patients with 4 to 6 risk factors had a 2-year-rate of CNS disease of no
more than 10 %. This model has recently been validated on an independent data

set from British Columbia.

Biological risk factors like MYC translocation, double-hit lymphomas, or the

presence of certain adhesion molecules on lymphoma cells have recently been
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associated with an increased risk for CNS disease. These hypotheses have been
derived from retrospective analyses of small cohorts of patients. Therefore,
findings need to be validated and it seems premature to use any of these

biological factors to change diagnostic procedures or treatment.

3.5.3.2 Prophylaxis of CNS disease"*

Typically, prophylaxis of CNS disease in DLBCL consists of intrathecal (i.th.)
injections of methotrexate (MTX), cytosine-arabinoside (Ara-C), predniso(lo)ne
(PRED) or combinations of these drugs. This practice is based on the positive
experience gained in patients with ALL where CNS involvement was frequent but
almost always is restricted to the CSF. In contrast, the percentage of patients
with DLBCL developing CNS disease is much lower and about 50 % of patients
present with isolated or combined involvement of the brain parenchyma.
Because i.th. chemotherapy does not reach measurable concentrations in the
brain parenchyma except for areas directly adjacent to the brain the concept of
i.th. prophylaxis in patients with DLBCL must generally be questioned. In practical
terms, and particularly for patients treated with R-CHOP there is increasing
evidence from almost all recent studies summarized in Table 10 that i.th.
prophylaxis is not effective. Table 2 also shows that in some studies CNS
relapses seem to have occured more frequently in patients with than in patients
without i.th. prophylaxis. This, however, must be considered an artifact because
the patient cohorts who received prophylaxis were enriched for patients deemed
at high risk for CNS disease. Given the major toxicities (leucopenia, infections,
mucositis) seen with i.th. injections of cytotoxic drugs especially in older and frail
patients this practice should be restricted to very high-risk patients or completely
be abandoned. The only exception should be patients with involvement of the
testes where i.th. prophylaxis should strictly be administered in conjunction with
specific systemic treatment and local radiotherapy. For all other organs (bone
marrow, bone, paranasal sinuses, breast, skin) and risk groups defined by early
clinical studies to indicate high-risk the evidence supporting the use of i.th.
prophylaxis is very scarce particularly in patients treated with R-CHOP and

omission of CNS prophylaxis should be strongly considered.
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If alternative strategies like administration of systemic therapy with high-dose
MTX (>1.5g/m?) or liposomal Ara-C i.th. is more effective, in preventing CNS
progression or relapse is currently under study. The results of the French studies
with (R)-ACVBP and currently available phase Il studies using 1 or 2 courses of
high-dose MTX in patients treated with R-CHOP suggest that this treatment is
more effective than i.th. prophylaxis and high-dose MTX should be the
prophylaxis of choice in high-risk patients who are fit enough to tolerate the

toxicities which undoubtedly accompany this treatment.




100

Results

Table 9 Risk factors for CNS disease in patients with DLBCL" using (R)-CHOP and variants.

Study Patients ® IPI LDH' >1 ENS Advanced Stage Extranodal site Other
breast 10.5
Tomita 82/1221 (6.7%) NS NS NS NS adrenal 4.6 age>60 2.1
bone 2.0
R 0.3, not in high-risk
Schmitz 14/620 (2.3%) Not Applicable 3.8 NS 5.4 NS
patients
Boehme 22/608 (3.6%) NR 5 S NS NR ECOG>1
kidney 20.1
, ECOG>12.0
Tai 19/320 (6.0%) NS NS NS NS testis 6.7
non-CR 3.3
breast 6.1
villa 19/309 (6.1%) NS NS NS stage IV 8.0 kidney 33
Shimazu 20/238 (8.4%) NR 24 2.0 NS marrow 21 age>60 2.5
Guirguis 8/214 (3.7%) NS NS NS NS testis 335 None
Yamamoto 81/203 (3.9%) NS NS NS NS NS
Bulk>7.5cm 3.34
Chih 9/203 (4.49 NS N A N29 NS NS
ihara /203 (4.4%) S ny E ALC<10x10°/L 2.38
Feugier 11/202 (5.4%) 5 S NS NS NS ECOG>1

¥ studies by Schmitz et al and by Boehme et al contain about 15 % of patients with other aggressive B-cell lymphomas (blastoid mantle cell lymphoma, follicular lymphoma grade 3);
® patients with CNS disease / patients on study;

+==3_zw-m in columns LDH, > 1 ENS, advanced stage, extranodal site, and other are hazard ratios reported from multivariate analyses.

CNS, central nervous system; R, rituximab; CHOP, cyclophosphamide, doxorubicin, vincristine, prednisone; IP1, International Prognostic Index; LDH, lactate dehydrogenase; ENS, extranodal site; NS, not significant; 5,

significant; ECOG, Eastern Cooperative Oncology Group performance status; CR, complete response; NR, not reported; ALC, absolute lymphocyte count,
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Results

Table 10 Prophylaxis of CNS relapses in studies using (R)-CHOP and variants for treatment of DLBCL.

tudy umber of Patients ystemic / i.th, treatment prophylaxis relapses value
Stud Number of Pati 3 ic /i.th CNS hylaxi CNS rel (%) P val
2106 (R)-CHO(E)P* BM, testis, head, sinuses,
Schmitz (1576 w/o R, 620 w/ R) i th. MTX orbits, oral cavity, tongue and 2.6% (all pts) p=0.386
' o salivary glands
1222 (R)-CHOP m._<__ W :wmu. n— 2.5% (w/o prophylaxis)
Boehme : orbits, oral cavity, tongue and - NS
(612 w/o R, 610 w/ R) i.th. MTX 4 4.4% (w/ prophylaxis)
salivary glands
st 989 R-CHOP at the discretion of 2.1% (w/o prophylaxis) = 0.0067
(all w/ R) i.th. MTX £ Ara-C, i.v. MTX investigator 10.9% (w/ prophylaxis) i
Tal 499 (R)-CHOP >1 ENS, orhits, sinuses, breast, 5% (w/o prophylaxis) NR
(179 w/o R, 320 w/ R) i.th. MTX testis, bone, BM 11% (w/ prophylaxis)
T LDH, bulk >10, PS = 2, BM, X
Tomita e gl nasal, bone, breast, skin %% twio prophyiads) =0.14
(all w/R) i.th. MTX ' e B 7.5% (w/ prophylaxis) gt
testis
(R)-CHOP > o : 1.1% (C1 0-2.5%)
259 e BM, testis, sinuses, orbits, X
Arkenau (177 w/o R, 62 W/ R) (R)-PmitCEBO B Kot 2 pts w/o prophylaxis NR
x i.th. MTX £ Ara-C : 1 pt w/ prophylaxis
ek 214 R-CHOP T LDH, > 1 ENS, testis, 2% (w/o prophylaxis) it
re (all w/ R) i.th. MTX (25 pts), i.v. MTX (17 pts) epidural, sinuses or skull 1.9% (w/ prophylaxis)

i.th., intrathecal; R-PMitCEBO, rituximab, prednisolone, mitoxantrone cyclophosphamide, etoposide, bleomycin, vincristine; E, etoposide; MTX, methotrexate; Ara-c, cytarabine; BM, bone marrow; NR, not reported; i.v.: intravenous.

*1includes patients treated with higher doses of cyclopheosphamide, adriamycin, and etoposide and patients treated with dose-escalated sequential high-dose therapy and Rituximab.
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4 Discussion

4.1 Anti-B-cell antibodies

Monoclonal antibodies directed against antigens present on the surface of
malignant and normal B-cells have revolutionized the treatment of virtually all
types of B-cell lymphoma. Rituximab, a chimeric IgG1 anti-CD 20 antibody, was
first described in 1994'® and after extensive pre-clinical testing entered the
clinic approximately 16 years ago.”* Mostly in combination with classical
chemotherapy, this antibody improved survival of patients with many subtypes
of B-cell lymphoma by 10 — 20 % when compared to the effects of chemotherapy

only (shown in Figure 4) 3%

Rituximab displays several unique properties which may explain the clinical
success of this antibody. First of all, it binds to the CD 20 antigen, a non-
glycosylated protein of 33 to 35 kDa, which is highly expressed through all stages
of B-cell development from the early pre-B-cell stage to mature B-cells. It is lost
448 furthermore, the CD 20

antigen is unique as it is not shed from the cell surface into the circulation

during final B-cell maturation to plasma cells.

probably because it is deeply anchored in the cell membrane with a very short
extracellular segment (43 residues between 3" and 4" transmembrane region).
It is also not internalized into the B-cell after antigen-antibody binding and
therefore appears an ideal target for the recruitment of effector cells expressing

Fc gamma receptors.”®>?

Following the clinical success of rituximab as part of treatment of all B-cell
lymphomas at all stages, other anti-CD 20 antibodies were developed. After
understanding the most important mechanisms of action of rituximab and other
first-generation antibodies Fc-engineered variations of anti-B-cell antibodies
were constructed in order to improve binding to human Fc gamma receptors.
New antibodies were designed but only few were finally approved for clinical use:

until now ofatumumab, obinutuzumab and Ibritumomab tiuxetan, a
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radiolabelled antibody, remain the only anti-CD 20 antibodies which were
licensed in the US and Europe for treatment of lymphoma (Table 2).
Tositumomab was withdrawn from the market in February 2014 due to a rapid
decline in usage after pivotal studies had shown negative results and hence

business deteriorated significantly.

4.2 Mechanisms of action

Comparative research looking into the mechanisms of action of various anti-CD
20 antibodies, elucidated that three types of function largely can explain the
clinical efficacy of anti-B-cell antibodies: signaling in target cells on CD 20 binding
leading to growth inhibition and (nonclassic) apoptosis (referred to as “direct cell
death”), complement-dependent cytotoxicity (CDC), and antibody-dependent
cellular cytotoxicity (ADCC) mediated by cells displaying Fc gamma receptors
such as NK cells and macrophages. The epitope and / or binding mode have been
shown to dictate 2 major types of anti-CD 20 antibody effector function profiles,
termed type | or type Il. Although both types of antibodies bind bivalently to CD
20, they form distinct complexes with CD 20. Type | antibodies stabilize CD 20 on
lipid rafts, leading to stronger Clq binding and potent induction of CDC. This
binding mode triggers only low levels of direct cell death. In contrast, type Il
antibodies do not stabilize CD 20 in lipid rafts thus exhibiting reduced binding to
Clq and lower levels of CDC, but they potently induce direct cell death.® The
majority of anti-CD 20 antibodies, including the commercially available anti-CD
20 antibodies rituximab and ofatumumab are of type |, whereas the murine
antibody B1 (tositumomab) and the humanized IgG1 antibody obinutuzumab are
thought to represent type Il antibodies. Obinutuzumab, previously known as GA
101, was under clinical development while the experimental studies reported

111
and

here were performed. First data from early clinical studies in lymphoma
comparative studies in chronic lymphocytic leukemia became available in
2014.1*% After publication of a phase Il study comparing obinutuzumab with
rituximab, obinutuzumab was recently licensed for treatment of CLL; it continues
to be tested in large phase Il trials comparing it to the standard anti-CD 20
antibody rituximab in major lymphoma subtypes (follicular lymphoma and

DLBCL).
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Simultaneously, other monoclonal antibodies have been described which are
directed against alternative epitopes on immature and mature B-cells. Among
others, the surface antigens CD 19, CD 22, CD 23, CD 37, CD 40 and CD 80 which
are all present on normal B-cells at distinct stages of development and their
malignant counterparts have been investigated.>***® While most antibodies
raised against alternative B-cell antigens, lacked significant advantages over the
antibodies already licensed and therefore were not further developed towards
clinical application, the anti-CD 37 antibody (Bl 836826) showed promising in
vitro activity and is currently in phase | clinical studies in order to evaluate its
safety profile and optimal dosing in man. We set out to investigate the effects of
Bl 836826 on a broader spectrum of cell lines and patient cells than originally
reported®™ and compared its properties with licensed anti-CD 20 antibodies

including the recently marketed antibody obinutuzumab.

The tetraspanin CD 37 is predominantly expressed on mature B-cells, with
highest expression levels on peripheral blood B-cells. Low level expression has
been reported on plasma cells, T-cells, granulocytes, and monocytes. Strong and
homogeneous CD 37 expression has been demonstrated on the surface of B-cell

>7%2%5 |n our experiments we used a chimerized high-

lymphomas and leukemias.
affinity mouse antibody to CD 37 which has been engineered at the CH2 domain

to improve binding to human Fc gamma receptors.®

The work presented here aimed at answering the following important questions

which arise when anti-B-cell antibodies are investigated and compared:

a. How many and which B-cell lymphoma cell lines should be tested in
order to produce results which reliably predict the performance of new

antibodies ?

b. Can cell lines - which are much more readily available than patient
material - grown from various types of lymphoma act as antibody target
cells and substitute for true lymphoma cells which need to be obtained

fresh from individual patients?
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c. Which of the commercially available anti-CD 20 antibodies performs
best in vitro? Do the experimental data correlate with results obtained

in clinical trials?

d. How does Bl 836826, a new antibody not targeting the CD 20 antigen
but the CD 37 antigen on B — cells, perform in tests established to
compare anti-CD 20 antibodies? Do the results of in vitro testing look

promising enough to support further clinical development of Bl 8368267

4.3 Evaluation of cell lines

The first question was approached by using various B-cell lymphoma cell lines as
target cells for the assays described in the Methods section. The selection of the
cell lines investigated was based on their cells of originm'ns; in particular we
sought for cell lines representing the most common form of B-cell lymphoma
(DLBCL) and its variants recently defined by gene expression profiling (GEP): the
GCB- and the ABC-type DLBCL. Using five different cell lines (SU-DHL-4, Ramos,
Karpas 422, OCl-Ly 3 and OCI-Ly 10) a broad spectrum of lymphoma was

ultimately covered.

Under strictly identical culture conditions and experimental design (effector to
target cell ratio, incubation periods, antibodies concentration, etc.) comparison
of the killing efficacy showed unexpectedly homogenous patterns of antibody
activity with all methods established to investigate the major mechanisms of
action described for anti-B-cell antibodies. Thus, although absolute percentages
of cell kill by ADCC measured by the CD 107a degranulation assay and the
Europium release assay, by programmed cell death, early and late apoptosis
measured by Annexin V / Pl assay, or the strength of ISF varied from cell line to
cell line, the patterns of antibody activity were similar for all cell lines tested. For
example, obinutuzumab and Bl 836826 performed better than rituximab or
ofatumumab with ADCC, PCD, early and late apoptosis regardless of which cell
line was used to represent the lymphoma target cell. Probably because of the

limited number of experiments which could be done due to the complex
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experimental design some of the results obtained with different cell lines
differed significantly while others did not. The comparative patterns obtained
with various cell lines, however, were similar suggesting that the use of one or
two cell lines may suffice if testing of a broader variety of cell lines is not

considered practical.

Not unexpected, the results of CDC were different from those obtained with the
other assays (summarized as non-CDC assays) because ofatumumab and
rituximab are considered type | antibodies while obinutuzumab is considered a

type Il antibody.

In line with previous reports on rituximab and ofatumumab, these antibodies
gave best results for CDC while Bl 836826 performed intermediate. CDC of
obinutuzumab varied but overall was only 20 to 30% because without addition of
serum as a source of complement, already 20 — 30 % of cells were found dead.
This might be explained by PCD induced without complement. Nevertheless,
variations in CDC depending on the cell lines used and the origin of lymphoma
cells occurred. The finding demonstrates that exceptions to the general patterns
do exist and testing of more cell lines may give more precise information than

one or two cell lines can provide.

In practical terms, because of constraints in time and financial resources
restricting in vitro testing to 1 or 2 cell lines instead of 5 or more is highly
desirable. Therefore, our recommendation would be to in first place use SU-DHL-
4 representing GBC-type DLBCL and OCI-Ly 10 representing ABC-type DLBCL
because these two cell lines are relatively easy to grow and to keep healthy; both
cell lines also turned out to be robust with regard of the reproducibility of the
experimental results. If results with these 2 cell lines look promising it may be
useful to expand experiments with other cell lines thought to represent other

lymphoma subtypes.
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4.4 Evaluation of patient lymphoma cells

In order to obtain information if cell lines, e.g. SU-DHL-4 or OCl-Ly 10, can be
used to obtain reliable information on the performance of different anti-B-cell
antibodies with patients’ lymphoma cells we compared the results of all
established assays (ADCC, PCD, CDC) using all cell lines or cells from patients with
different lymphoma subtypes (DLBCL, FL and MCL). We also wanted to
investigate if results might differ if individual antibodies were used to treat

different lymphoma subtypes like DLBCL cells, FL cells, or MCL cells.

Generally speaking, results obtained with rituximab, ofatumumab,
obinutuzumab and Bl 836826 when DLBCL, FL and MCL cells were used as target
cells matched the results seen with different cell lines, and with SU-DHL-4 and
OCl-Ly 10 in particular. Obinutuzumab and Bl 836826 gave best results with
ADCC (CD 107a and Europium assay) and early as well as late apoptosis while
ofatumumab and to a lesser extent rituximab performed well in CDC. These
diverging results were expected because obinutuzumab is considered a type |l
antibody, rituximab and ofatumumab are type | antibodies. Results obtained
with fresh patient lymphoma cells were consistent with results obtained with
different cell lines. It needs to be mentioned that the activity of all antibodies
tested for CDC and non-CDC assays was significantly weaker with patient serum
or cells as compared to healthy donor serum or cells. Because serum and
effector cells with very few exceptions were obtained from patients with
relapsed disease, this finding may indicate that previous therapy led to
exhaustion of cytotoxic effector systems including complement."*® Among the
different lymphoma subtypes tested, MCL seemed to be the subtype which was
most difficult to attack. Especially the results of ADCC and CDC using optimal
experimental conditions were less impressive than for FL and DLBCL cells.
Interestingly, these results correlate with clinical experience that treatment
results of MCL with rituximab (and chemotherapy) are less favorable than in

other lymphoma subtypes (Figure 48)."*°
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Fig. 48  Overall survival after start of therapy for patients with FL and MCL randomized
for FCM" or R-FCM ™.}

*FCM: fludarabine, cyclophosphamide, mitoxantroneon; R:rituximab

In conclusion, testing of new anti-B-cell antibodies against fresh patient
lymphoma cells resulted in patterns of activity which resemble those obtained in
cell lines. Therefore, testing new anti-B-cell antibodies against SU-DHL-4 (and
other cell lines if early results are favorable) is a reasonable first step.
Importantly, our results do not support the notion that early testing against fresh
lymphoma cells is absolutely required. Relative activities of established and new
antibodies against SU-DHL-4 and lymphoma cells were generally comparable. For
MCL results of most assays (CDC and non-CDC) were significantly worse with
fresh patient cells compared to any of the cell lines investigated. Therefore it

might be worthwhile to investigate MCL cells separately.

4.5 Evaluation of tests required for in vitro testing of anti-B-cell
antibodies

Another important question is if all tests performed here must be done in order
to correctly judge the potency of different antibodies. Referring to the respective

literature, almost all publications dealing with in vitro investigations on anti-B-
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cell antibodies used one test for CDC, one for apoptosis, and one for ADCC.%>7%74

Because it remains to be settled which of the three major mechanisms of action
(ADCC, PCD or CDC) described for anti-B-cell antibodies are clinically most
relevant, it seems logical to do at least one in vitro assay reflecting each

postulated mechanism.

Before investigating ADCC, PCD, and CDC, we first looked at ISF, a very early
event deemed necessary when NK- and T-cells are to attack lymphoma target
cells. ISF gives a visional impression how effector and target cells get into
contact and how intense the contact is. We saw clear differences in strength and
velocity of ISF between different antibodies. Because no other reports on ISF for
any of the antibodies tested here and the functional consequences have been
published, it is not possible to compare our findings to those of other
investigators. We found that obinutuzumab induces weak ISF (no cytoskeleton
polarization was observed) compared to other antibodies but cannot comment
on the functional consequences of this observation. However, obinutuzumab
tends to induce homotypic aggregation (Figure 47). When target cells were
incubated with antibody only, obinutuzumab induced strong polarization of the
cytoskeleton (data not shown). This result is in line with the data published by
Alduaij et al’® Obviously, this antibody has clinical effects without ISF being
absolutely necessary. Regarding ADCC, we established the Europium release
assay and the CD107a degranulation assay to specifically investigate the efficacy
of Fc-engineered antibodies. While the CD 107a assay measures the activation of
effector cells, namely NK-cells, by labeled target cells, the Europium release
assay reflects the death of target cells as a result of ADCC. Thus, both assays are
complementary if the major components of ADCC namely effector cell activation
and the resulting cell death need to measured. If information on the decisive
final step of ADCC (death of the target cell) is deemed most important, doing the
Europium assay may suffice. Third generation antibodies have been manipulated
in order to improve the binding affinity between the Fc receptor portion of
antibody and the effector cell. We indeed found that Fc-engineered antibodies,
such as obinutuzumab and Bl 836826, resulted in high expression of CD 107a
implying that NK cells were more activated and actively released lytic proteins,

like perforin and granzymes. Third generation antibodies also induced death of
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the target cells in higher percentages implicating that stronger activation of

effector cells resulted in killing of more lymphoma cells.

Apoptosis was investigated by the Annexin V / Pl assay. Using different gating
strategies early stage apoptosis and late stage apoptosis can be described. Most
investigators interested in apoptosis use the same assay with minor
modifications. This assay is crucial in judging the efficacy of anti-CD 20 antibodies

and must be performed in order to compare efficacy.

The CDC test performed here with few modifications matches the tests used by
other investigators. Because a completely different and potentially very
important mechanism of action of anti-CD 20 antibodies is monitored by this
assay, CDC testing cannot be deleted from the test panel for anti-CD 20

antibodies.

4.6 Evaluation of anti-CD 20 antibodies

Rituximab has demonstrated clinical efficacy in thousands of patients worldwide
and a wide range of ex vivo data were accumulated over time. Therefore, it
seems adequate to use rituximab as a reference antibody and compare results

obtained with other anti-CD 20 (and anti-B-cell) antibodies to those of rituximab.

When comparing the other anti-CD 20 antibodies which are clinically available,
namely ofatumumab and obinutuzumab, to rituximab, ISF was significantly less
strong than with rituximab. Similar results were obtained with cell lines and

patient lymphoma cells (Figures 15 — 18).
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ADCC measured by the CD 107a degranulation assay favored obinutuzumab
when cell lines representing GCB- and ABC-type lymphoma cell lines or patient
lymphoma cells were used as target cells. The only exception was that
obinutuzumab seemed less effective when labeled MCL cells were lysed with
patient effector cells. The Europium assay measuring ADCC in a different way
gave comparable results: obinutuzumab performed best with cell lines and

patient lymphoma cells.

Comparing the type | antibodies rituximab and ofatumumab with the type Il
antibody obinutuzumab, obinutuzumab showed less CDC compared with the
type | antibodies. Interestingly, in CDC experiments (especially with SU-DHL-4,
Ramos, OCI-Ly 10 and also with FL cells), 20 - 30 % more target cells were killed
as compared to other antibodies before serum was added. This may be a
consequence of the stronger PCD exerted by type Il antibodies. Looking at CDC
results with patient lymphoma cells ofatumumab and rituximab performed best
(no significant difference between these two antibodies) while obinutuzumab
showed inferior results in FL and DLBCL cells. In patients” MCL cells no difference

between any of the antibodies tested was detected.

Overall, obinutuzumab performed best in all non-CDC assays while CDC results
were inferior to those of type | antibodies. CDC with MCL cells was low but did
not show any difference between the anti-CD 20 antibodies tested while with FL
and DLBCL cells results with obinutuzumab were significantly worse than with

type | antibodies.

Comparing the results of anti-CD 20 antibodies obtained with all in vitro tests,
obinutuzumab seems preferable because of its strong performance in all non-

CDC tests while showing at least some activity in CDC.

A review of the literature comparing rituximab with obinutuzumab gave results
which are in line with our findings as far as cell lines are concerned.”® Data with
live lymphoma cells have not been reported by others. Therefore, a comparison
of our data obtained with MCL, FL and DLBCL cells is not possible.
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4.7 Evaluation of Anti-CD 37 antibody Bl 836826

Bl 836826 is a novel mouse-human chimeric 1gG1 Fc-engineered monoclonal
antibody which in contrast to the other antibodies tested binds to the CD 37
antigen which is highly expressed on B cells during pre-B to peripheral mature B-
cell stage. Because extensive pre-clinical testing has shown favorable results;*
Bl 836826 is currently being evaluated in phase | clinical trials for patients with

chronic lymphocytic leukemia and relapsed B-cell lymphomas.

Heider et al. investigated the binding of Bl 836826 to the CD 37 antigen and to Fc
gamma receptors. Apoptosis induction and ADCC was assessed on Ramos Burkitt
lymphoma cells and cells derived from patients with CLL. While our results
obtained with Ramos cells for apoptosis and ADCC were comparable to the
results of Heider et al. we expanded apoptosis and ADCC testing using other
methodologies (the CD 107a degranulation assay and the Europium release assay)
and more cell lines (SU-DHL-4, Karpas 422). Furthermore, we also investigated
ISF and CDC. ISF using SU-DHL-4 and OCI-Ly 10 labeled with Bl 836826 was quick
and strong; no other antibody tested showed comparable ISF (p<0.05). ADCC
measured by the CD 107a degranulation assay and the Europium release assay
gave results that were similar to obinutuzumab and significantly better than
rituximab and ofatumumab. This pattern was observed with all cell lines tested.
The CD 107a degranulation assay and the Europium release assay gave similar

patterns of efficacy.

Also the Annexin V / Pl assay (programmed cell death) showed best results for Bl
836826 and obinutuzumab while all other antibodies performed significantly
worse. CDC with SU-DHL-4, Ramos, and Karpas showed best results for the type |
antibodies, ofatumumab and rituximab. However, CDC with Bl 836826 was not
significantly lower than CDC achieved with ofatumumab and rituximab using OCI-
Ly 3, OCI-Ly 10, Ramos and Karpas cell lines. Only SU-DHL-4 cells were not
effectively lysed in the presence of Bl 836826. Using DLBCL cells, FL cells or MCL

cells, ADCC and apoptosis was comparable to the type Il antibody, obinutuzumab;
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all other antibodies performed significantly less as well. CDC with MCL, FL, and
DLBCL cells resulted in cell killing comparable to obinutuzumab in all
combinations tested. Only with MCL using healthy donor serum as a source of

complement Bl 836826 performed less well.

Taken together, experimental results with Bl 836826 compared favorably to
those obtained with ofatumumab and rituximab. Bl 836826 performed
comparable to obinutuzumab in all non-CDC assays. For CDC, results varied from
cell line to cell line and from lymphoma subtype to subtype. Therefore, BI
836826 is a promising new antibody for treatment of B-cell lymphoma. Because
another antigen (CD 37) on malignant B-cells is targeted also a combination with

an anti-CD 20 antibody might be an attractive possibility.
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4.8 Additional discussions on treatment of T- and B-cell lymphoma

4.8.1 Allogeneic transplantation in relapsed and refractory T-cell lymphoma %
An overview of treatment strategies for T-cell lymphoma has been recently
published. ***

4.8.1.1 Allogeneic transplantation as part of first-line therapy in T-cell

lymphoma

The poor prognosis of most patients with T-cell lymphoma after conventional
chemotherapy and the favorable results of alloSCT in patients with relapsed and
refractory T-cell lymphoma raised interest in using alloSCT earlier in the course of
disease. Recently, Corradini et al. reported the first results of a prospective study
following such an approach. The authors enrolled 64 patients mostly with PTCL-
NOS (n=38) on a study which commenced treatment with 2 courses of CHOP-21
preceded by alemtuzumab (30 mg total dose). Treatment continued with 2
courses of Hyper-C-Hidam (high-dose methotrexate, hyperfractionated
cyclophosphamide, and high-dose cytosine- arabinoside). Responding patients
were to receive an autologous or an allogeneic graft based on donor availability

(genetic randomization).

Disappointingly, only 62% of patients finally received a transplant; the other
patients had either died of toxicity (5 patients) or suffered an early relapse (18
patients) before proceeding to transplantation. The conditioning regimen
consisted of thiotepa, cyclophosphamide and fludarabine. Sixteen patients (70%)
who received an alloSCT were alive in CR at the time of the report, 4 patients had
died of disease and 3 died of toxicity. The authors conclude that the use of
alemtuzumab and pre-transplant high-dose chemotherapy was unable to
increase the number of patients proceeding to transplantation. Because of low
patients numbers a statistically sound comparison of alloSCT and HDT / ASCT was
not possible; however, no obvious differences in OS of patients receiving

autologous or allogeneic transplantation was noted.
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4.8.1.2 Allogeneic transplantation for patients with mycosis fungoides and
sezary syndrome

After a number of case reports had documented the feasibility and had reported
promising results the EBMT published the largest series of patients with Mycosis
fungoides (MF) or Sezary syndrome (SS) who had received an allogeneic
transplant for relapsed or refractory disease. A total of sixty patients with MF
(n=36) or SS (n=24) received a first allogeneic transplant from matched related
(n=45) or unrelated (n=15) donors. The median patient age was 46.5 years, 40
patients presented with advanced stage at the time of transplantation. Forty-
four patients had been prepared with RIC and 16 patients with myeloablative
conditioning. Twenty-five patients underwent T-cell depletion, 20 of them using
alemtuzumab. The estimated OS and PFS at 3 years was 54 % and 34 %.
Advanced disease and the use of an unrelated donor negatively influenced
treatment results. NRM was 22 % at 2 years, myeloablative conditioning and
poor performance status had independent adverse effects on NRM. The
cumulative incidence of relapse was 47 % at 3 years. T-cell depletion was the
strongest adverse factor influencing relapse rates. Chemosensitivity was not
associated with the risk of relapse. These results have recently been updated.?
With a median follow up of now 5 years, OS and PFS are reported at 48 % and 33
%, respectively. Disease progression remains the major problem with 26 patients
having relapsed or progressed at a median of 3.8 months. Advanced disease,
having an unrelated donor, and the use of myeloablative conditioning negatively

impacted on survival.

4.8.1.3 Allogeneic transplantation in patients with NK / T-cell lymphoma

NK / T-cell lymphoma is a very rare disease with a highly skewed geographical
distribution. Most cases are reported from Asia and South America; cases from
other areas are very rare. Except for patients with localized disease restricted to

the nasal cavity and non-nasal NK / T-cell ymphoma carry a very poor prognosis.
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The recent use of MTX- and 1-Asparaginase containing regimens, have improved

outcome.

A report from Japan summarized their experience on 28 patients with NK-cell
neoplasms (22 extranodal NK / T-cell lymphoma, 3 blastic NK-cell lymphomas
and 3 aggressive NK-cell leukemias). Twenty-two patients had matched related
donors; conditioning was myeloablative in 23 patients. At 2 years, PFS and OS

were 34% and 40% respectively.

4.8.1.4 Allogeneic transplantation in patients with adult T-cell leukemia

Almost all reports on alloSCT for adult T-cell leukemia/ lymphoma (ATLL) come
from Asian countries and reflect the geographical distribution of this disease. By
far the largest study on patients with adult T-cell leukemia, including patients
with the lymphomatous subtype, was published by investigators from Japan. 386
patients received HLA-matched, related bone marrow or peripheral blood stem
cells (n=154), mismatched related BMSC or PBSC (n=43) or unrelated bone

marrow stem cells (n=99). Ninety patients received cord blood.

3-years-0OS for the entire cohort was 33%. Multivariable analysis revealed 4
factors associated with lower survival: age >50 years, male sex, response status
other than CR and use of cord blood compared with HLA-matched related grafts.
TRM was rather high (37% at 3 years). Patients with an HTLV 1-seropositive
donor had a higher risk of relapse after transplantation: 18 of 48 patients (38%)
who had an HTLV 1- positive donor relapsed after transplantation in contrast to
16 of 65 patients (25%) with an HTLV 1-negative donor. The authors concluded
that alloSCT is an effective treatment in selected patients with ATLL in particular
if the extremely poor prognosis of such patients with any other treatment

modality is considered.
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4.8.1.5 Allogeeic transplantation in hepatosplenic T-cell ymphoma

So far only case reports of patients transplanted for alpha/ beta or gamma/ delta
hepatosplenic T-cell lymphoma exist. These reports do not allow conveying a
clear picture of how successful alloSCT in patients with hepatosplenic T-cell
lymphoma might be. Clearly, one major problem for many patients is that the
rapid progression of the underlying disorder does not allow finding a suitable
donor and proceeding to transplantation on time. An EBMT project which at this
time is ongoing identified not more than 20-25 patients who had been
allografted for hepatosplenic T-cell lymphoma confirming the rarity of the

disease and confirming the difficulty to bring such patients to transplant.

4.8.2 Hematopoietic Stem Cell Transplantation in Patients with Lymphomatoid

Granulomatosis'*®

Six patients remain alive and well 5.1 (1.4-6.3) years after HDT / ASCT or RIC /
alloSCT (three patients each). One patient committed suicide with no evidence of
LG at that time and two patients died of transplant-related complications
(septicemia) early after HDT / ASCT. One of these patients was reported as being
refractory to salvage therapy prior to HDT / ASCT. Given the number and the
nature of prior therapies (including Rituximab in seven patients) and the status of
disease prior to transplantation we consider the results achieved with HDT /
ASCT and/or RIC / alloSCT very promising in a disease believed to carry a poor

prognosis at diagnosis but certainly in multiply relapsed or refractory patients.

This study represents the first albeit small series of patients transplanted for LG,
a disease so exceedingly rare that until now only case reports for first-line and

certainly for treatment of relapsed cases have been published.
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With only ten patients reported here our series may be biased by overreporting
of successful cases although we explicitly asked EBMT members to report all
cases from their institutions. It also is not possible to decide if autologous or
allogeneic transplants should be preferred or to comment on details of the
transplant procedure like best choice of the preparatory regimen, donor
selection, or GvHD prophylaxis for allografted patients. Nonetheless, HDT / ASCT
and RIC / alloSCT showed excellent results in this small series of far advanced LG
patients and should strongly be considered for relapsed and otherwise refractory

patients fit enough to undergo any of these procedures.

4.8.3 Risk of CNS Recurrence and Role of Prophylaxis in Diffuse Large B-Cell

Lymphoma'!

Secondary involvement of the CNS is an early (median 8 months) and mostly
fatal complication for patients with DLBCL. Accordingly, the interest in defining
risk factors and prophylactic measures in order to spare patients this devastating
experience continues to be high. With an overall incidence of about 5 %, CNS
recurrence, however, is not frequent enough to justify specific diagnostic and
prophylactic measures in every single patient. Recent efforts to better define the
risk profile of individual patients has been met with limited success. While it
seems possible to identify patients with a low risk of CNS disease (patients with
IPI 0 and 1, and possibly 2), the question remains what to do with patients of IPIs
3 -5 who run a risk of CNS relapse or progression between 5 and 10 %. Rigorous
application of modern diagnostic tools like MRI of the brain and FACS analysis of
the CSF will help to substantially improve diagnostic precision at the time of
diagnosis. Patients with positive findings in imaging and/ or FACS analysis-
although it is still undecided if every patient with single lymphoma cells in CSF
has CNS disease- should be treated on protocols using drugs which cross the
blood / brain barrier and possibly include high-dose therapy and autologous
transplantation. For the remaining patients, the risk of CNS disease will be lower
than previously reported because an undefined percentage of patients with
“occult disease” will be shown to harbor lymphoma in the CNS at diagnosis
leaving the treating physician with the “truly” CNS-negative patients verified by

MRI-imaging and FACS analysis. As i.th. prophylaxis seems ineffective, these
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patients would be candidates for systemic treatment with V. MTX or
combinations of MTX with other drugs achieving cytotoxic concentrations in the
brain. Such protocols are not without side effects and severe, sometimes lethal
complications have been reported. Therefore, systemic therapy should be
recommended only to patients who are highly likely to benefit from these
procedures. Unfortunately, none of the risk models published so far achieved to
unambiguously define a very high-risk group for CNS disease. With the exception
of testicular involvement, there is few scientific evidence that any risk factor or
combination of risk factors put patients at risk high enough to justify
administration of 1.V. MTX or other systemic therapy in order to prevent CNS
disease. Rather than sticking to expert opinions generated 30 years ago and data
coming from retrospective analyses of rather ill-defined patient populations we
should treat patients on prospective trials strictly defining inclusion and
exclusion criteria as well as diagnostic and prophylactic measures. Only these
studies will identify science-based strategies in order to reduce or eliminate CNS
disease. Before such data become available a proposal how to approach the

problem is made.!™*

In line with a recent analysis of the German High-Grade
Lymphoma Study Group (DSHNHL) which has been validated on a large
independent data set patients with 3 — 5 IPI factors and negative findings in MRI
and FACS analysis of the CSF should be candidates for systemic MTX if an
elevated LDH and involvement of more than one extranodal site is detected. In
addition to testicular involvement where data supporting CNS prophylaxis are
strongest involvement of the kidney and possibly the breast should trigger CNS
prophylaxis. This or very similar algorithms have also been proposed by recent
reviews but must be considered GRADE 2 C. Alternatively, also in high-risk
patients adequately diagnosed with MRI and FACS analysis a “watch and wait
policy” may be justified but data to support such a radical change of paradigm

are not existing today.
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Conclusion

We were able to show that the efficacy of various anti-B-cell antibodies can
reliably and reproducibly be compared by using only 2 cell lines representing
different B-cell lymphoma subtypes as target and healthy donor cells as effector
cells. The early investigation of more cell lines or even patient lymphoma cells
seems not really necessary. A state-of-the-art ADCC and a CDC assay may suffice
to compare the potency of different antibodies. More cell lines or patient
lymphoma cells and further assays can be used at a later stage of evaluation.
Using this strategy — in combination with animal experiments necessary to
retrieve pharmacokinetic and pharmakodynamic data as well as early
information on safety — will allow to select which anti-B-cell antibody should go
to clinical investigation. Obinutuzumab, which gave superior results in PCD and
apoptosis tests, meanwhile has been licensed for treatment of B-cell lymphoma;
Bl 836826, an Fc-engineered anti-CD 37 antibody which also performed better
than the licensed antibodies Rituximab and Ofatumumab in ADCC and apoptosis
with moderate efficacy in CDC currently is being investigated in early clinical

trials (phase ).
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Gefahrstoffe und Sicherheitshinweise

Folgende verwendete Reagenzien und Losungsmittel waren mit Gefahrenhinweisen und
Sicherheitsratschlagen gemaR §6 der Gefahrstoffverordnung versehen. Krebserzeugen-
de, erbgutverdandernde und fortpflanzungsgefahrdende Stoffe (KMR-Stoffe) der Kate-

gorie | und Il sind fett dargestellt:

Verbindung Gefahrensymbol R-Sitze S-Satze
ABTS Xi 36/37/38 26-36
. 45-46-20/21-25-36/38-43-

Acrylamid T 48/23/24/25-62 53-45
Ammoniumpersulfat 0, Xn 8-22-36/37/38-42/43 22-24-26-37
Ampicillin Xn 36/37/38-42/43 22-26-36/37
Calciumchlorid Dihydrat ~ Xi 36 22-24
Chloroform Xn 22-38-40-48/20/22 36/37
Diethylpyrocarbonat Xn 20/22-36/37/38 26-36
Dimethylformamid T 61-20/21-36 53-45
Dimethylsulfoxid Xi 36/38 26
Dithiothreitol Xi 36/37/38 36/37/39-22
EDTA-Dinatriumsalz-
Dihydrat Xn 22 )
Ethanol F 11 7-16
Ethidiumbromid T+ 22-26-36/37/38-40 23'28'2'36/ 37-
Glutardialdehyd, 25 % T, N 22-23-34-42/43-50 ig:é?/ 37/39-

. 22-26-
Imidazol C 22-34 36/37/39-45
Kanamycin Sulfat T 61 22_36/37_39-
Methanol F, T 11-23/24/25-39/23/24/25 7-16-36/37-45
NaOH C 35 26-37/39-45
NBT Xn 20/21-33 22-45
Phenol (Tris-gesattigt) T 24/25-34 28.6-45
2-Propanol F, Xi 11-36-67 7-16-24/25-26
Salzsdure, konz. C 34-37 22_36/37/39-
SDS Xn 22-36/38 22-24/25

16-26-

TEMED C F 11-20/22-34 36/37/39-45

. . 3-16-26-29-
Triethylamin F,C 11-20/21/22-35 36/37/39-45
Tris Xi 36/38 -
Wasserstoffperoxid 30 % C 34 3-28-36/39-45

Zitronensaure Xi 36 24/25
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