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Therapeutic monoclonal antibodies in the US
between 1986 and 2001

Table 3. Therapeutic monoclonal antibodies approved by the US FDA

Generic name Trade name = Sponsor company  Type Approval date
Muromonab-CD3 Orthoclone Ortho Biotech Muring 1986
Abciximab ReoPro Centocor Chimeric 1994
Rituximab Rituxan Genentech Chimeric 1997
Daclizumab Zenapax Hoffman-La Roche Humanized 1997
Basiliximab Simulect MNowvartis Chimeric 1998
Falivizumab Synagis Medimmune Humanized 1998
Infliximab Remicade Centocor Chimeric 1998
Trastuzumab Herceptin Genentech Humanized 1998
Gemtuzumab ozogamicin - Mylotarg Whyeth-Ayerst Humanized 2000
Alemtuzumab Campath Millennium/ILEX Humanized 2001

2004: more than 400 under clinical trials in the US (including biosimilars)

2013: more than 2000 under clinical trials in US and EU (including
biosimilars)

2017-2020: more than 70 new products introduced in the market



Market Value (Billion)

Development of therapeutic monoclonal
antibodies for treatment of diseases
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300 Billion

Caplacizumab (Cablivi): anti-vWF for acquired aTTP
Romosozumab (Evenity): anti-Sclerostin for osteoporosis

in 2025

Rituximab (Rituxan):
anti-CD20 for Non-Hodgkin lymphoma
Daclizumab (Zinbryta):
anti-CD25 for multiple sclerosis

Burosumab (Crysvita): anti-FGF23 for XLH
Ibalizumab (Trogarzo): anti-CD4 for HIV infection !
Erenumab (Aimovig): anti-CGRPR for migraine prevention

Atezolizumab (Tecentriq): anti-PD-L1 for bladder cancer
Reslizumab (Cingaero, Cingair): anti-IL-5 for asthma

Abciximab (Reopro):
anti-GP llb/llla for

in angioplasty

prevention of blood clots

Muromonab-CD3
(Orthoclone OKT3):
anti-CD3 for kidney

transplantation
rejection treatment

First

Ramucirumab (Cyramza): anti-VEGFR2 for GC

Pembrolizumab (Keytruda): anti-PD-1 for melanoma
Nivolumab (Opdive): anti-PD-1 for melanoma & NSCLC

Ipilimumab (Yervoy): anti-CTLA-4 for metastatic melanoma
Brentuximab vedotin (Adcetris):

anti-CD30 for Hodgkin lymphoma, systemic ALCL

Ustekinumab (Stelara): anti-IL-12/23
for Psoriasis

75

Avelumab (Bavencio):
anti-PD-L1 for MCC
Durvalumab (Imfinzi):
anti-PD-L1 for bladder cancer
Brodalumab (Silig, Lumicef):
anti-IL-17R for plague psoriasis

Trastuzumab
Successful (Herceptin):
test of anti- anti-HER2 for BC
lymphoma Infliximab
Ab (Remicade):

anti-TNFo for
Crohn's disease

Panitumumab (Vectibix):
anti-EGFR for CRC

Necitumumab (Portrazza): anti-EGFR for NSCLC
Dinutuximab (Unituxin): anti-GD2 for neuroblastoma

Ranibizumab (Lucentis):
anti-VEGF-A for Macular

Pertuzumab (Perjeta): anti-HER2 for BC ‘

degeneration

mAb

Denosumab (Prolia): anti-RANKL for bone loss |

26

21

Ll Eculizumab (Soliris): anti-C5 for Paroxysmal nocturnal hemoglobinuria |

Bevacizumab (Avastin): anti-VEGF for CRC; Cetuximab (Erbitux): anti-EGFR for CRC |

‘ Omalizumab (Xolair): anti-IgE for asthma |

Adalimumab (Humira): anti-TNFa for RA




Global Monoclonal Antibodies Market Size During The Forecast
Period (2018 - 2027)
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Main fields of mab therapy

« Autoimmune and chronic inflammatory
diseases

« Cancer therapy

* Organ transplantation



Nomenclature of therapeutic
mononclonal antibodies
Prefix (variable) — Target — Origin — mab
(E.g. anti-CD20 Rl tu XI mab)

TARGET ORIGIN
b(a) bacterium a- rat
c(i) circulatory system -e- hamster
i
0
u

f(u)  fungus primat
k(i)  Interleukin mouse

(1) Immune system human

n(e) nervous system -XI-  chimeric

s(o) bone -ZU- humanized

tox(a) toxin -Xizu- chimeric/humanized
t(u) tumor hybrid

v(l)  virus -axo- rat/mouse hybrid



N

Chimaeric




Biological therapy of autoimmune and
chronic inflammatory diseases

* Blocking the antigen presentation
* Blocking/killing B or T lymphocytes

* Blocking inflammatory and cytotoxic
cytokines



Biotherapeutical agents for rheumatic diseases
and their targets
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Structural model of abatacept
(CTLA-4 - IgG Fc fusion protein)

CTLA4 region

Fe region

Disulfide Bonds
M-linked aligasaccharide

O-linked oligosaccharide




Co-stimulatory molecules in APCs and T cells
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T cell activation and bolcking

CD28 is expressed by both
resting and activated T cells

CTLA-1 is expressed
on activated T cells

CD152

APC

S5=5 =5
)

B7

Both BY molecules are
expressed on dendritic cells,
activated macrophages, and
activated B cells | CD80/86
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Abatacept inhibits full

Abatacept activation of T-cells

APC: Antigen Presenting Cells
TCR: T-Cell Recepior
MIFIC: Major Histocornpatibility Cornplex

Trade Name: Orencia Generic Name (USAN, INN, BAN and JAN): Abatacept
Synonyms: CTLA4-Ilg, Descriptive Name: 1-25-oncostatin M (human precursor) fusion
protein with CTLA-4 (antigen) (human) fusion protein with immunoglobulin G1 (human
heavy chain fragment) Laboratory Code: BMS-188667-01 (also referred to as BMS-
188667) CAS Registry Number: 332348-12-6 WHO Number: 8495



Mechanism of action of Rituximab In
autoimmune disease

A Complement-mediated 1 A. Antibody-dependent B. Direct cross linking of
c3
/

cytotoxicity cellular cytotoxicity (ADCC) CD20 by RTX on B cells

Complement
receptor

Ve .
&y

}-’-‘—
B FcyR/CR-mediated opsonic
phagocytosis or ADCC

APOPTOSIS

C. Complement dependent D. Phagocytosis by
cytotoxicy Membidrie Macrophages

FcyR




Therapeutic monoclonal antibodies against
T and B cells

BASILIXIMAB
DACLIZUMAB

Classical Alternative
Pathway Pathway
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Neutralizing antibody against human TNF-a
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Mechanism of action of Tocilizumab (anti-IL6
receptor) in (auto)inflammatory reactions

Soluble IL-6 receptor Tocilizumab
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Some biological therapeutics for the treatment

of autoimmune rheumatic diseases

Target Agent Structure Indications

Adalimumab e Fully human-TNFa mAb * RA, PsA, AS, PsO, JIA, CD, UC
Golimumab * Fully human-TNFa mAb * RA, PsA, PsO, AS, UC
Infliximab * Chimeric -TNFa mAb * RA, PsA, AS, PsO, UC, CD

Cytokines Etanercept » Soluble TNF receptor IgG Fc fusion |* RA, PsA, AS, PsO, JA

TNFa protein
Certolizumab * Humanized Fab’ Fragment linked to |* RA, PsA, AS, PsO, CD
Peg pegylated molecule

IL-1 receptor |Anakinra Recombinant IL-1 receptor antagonist |BA, CAPS

IL-6 receptor . Toc‘ilizumab Humanized anti IL-6 receptor mAb RA, JIA, TA

* Sarilumab

IL-12/1L-23 Ustekinumab Fully human anti IL-12/1L-23 mAb PsA, PsO

IL-17 Secukinumab Fully human anti-17A mAb PsA, AS, PsO

Lymhocyte

e T-cell * Abatacept CTLA-4 IgG Fc fusion protein RA, JIA

CcD28




Biological therapy for cancer

* Biological therapy for cancer is used in the

treatment of many types of cancer to
prevent or slow tumor growth and to prevent

the spread of cancer.
» Therapeutic monoclonal antibodies
- kill cancer cells directly

- Induce the iImmune system to recognize
and kill cancer cells.



Targeted antigens in tumor patients

Tumor tissue origin Type of antigen Antigen l Tumor type
Lymphoma/ Citlerentiabon CD5 T-cell lymphoma
leukemia anligen Icholype B<cell lymphoma
CAMPATH-1 (CDw52) T-and B-cell lymphoma
B-cell signang CD20 Non-Hodghn's
receplor B-cell lymphoma
Soid fumors Cell-surface anligens
Glycoprotein CEA, mucin-1 Epitheta fumors
{breast, colon, lung}
Carbchydrate Lewesy Epithelal tumors
CA-125 Ovarnan carcinoma
Growth factor Epidermal growth factor Lung, breast, head,
recepior receptor and nack jumors
p185hER2 Breas!, ovanan lumors
IL-2 recepltor T-and Bcdll lumors
Stromal extracellular FAP-o Epithesal Jumors
antigen Tanascin Ghoblastoma multiorme
Melalloproleinases Epithela fumors




(A) Signaling pathways (B) ADCC
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Immunostimulation
eg Anti-CTLA-4
mADb Iplimumab

Inhibition of growth factor
receptors dimerisation
e.2. pertuzumab

Inhibition of
angiogenesis by

anti-angiogenic
factor blocking
antibody e.g. Anti-
VEGF mADb Avastin

Effector

Angiogenic factor I
ce

A Growth

Growth factor factor “

receptor blocking
antibody [

e.g. Anti-EGFR
mAb cetuxinab

Induction of ADCC by

\ binding to F¢ receptor on
effector cell

¢.2. Herceptin, Riruximab

Drug, toxin :
OF radio-1SOOPe e

Conjugated antibody for Complement

the delivery of an enzyme or F Activation of
a lethal dose of drug. toxin or H
radio-isotope 1o the mmour

cell e.g. Zevalin, Immunostimulation
Brentuximab vedotin, e.2. anti-PD-L1 mAb
Trastuzumab-emtansine

(T-DM1)

complement
system and

Induction of
apoprosis
eg Anu-CD20
mADb rituximab,

mduction of CDC.
e.g2. Herceptin,
Rituximab




Applications of monoclonal antibodies for
cancer therapy
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Monoclonal antibodies in B cell malignant
lymphoma therapy

Rituximab
-
Epratuzumab

antibody-dependent

cellular cytotoxicity,

A afasitamab Y cytotoxicity, and cell

= 3 m w ‘um

! antigen cross-linking




Mechanism of action of monoclonal antibodies for
therapy of solid malignant tumors

a Direct tumour cell killing b Immune-mediated tumour cell killing

Receptor
Receptor antagonist
agonist

Complement

Phagocytosis

Macrophage

NK cell

-~ Antibody

Enzyme

~ Tumour

Conjugated
antibody

MHC and —

€ Vascular and stromal cell ablation peptide

CD3& or CD28
scFv

~ Genetically
modified T cell

Conjugated
antibodies

Cross-presentation
and T cell activation

l Dendritic
Blood vessel cell

Nature Reviews | Cancer



Immunotoxin therapy

Macrophage

.

' Monoclonal antibody-

Chimeric
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Immunotoxin therapy of ,Hairy Cell” leukaemia by
BL22

BL22 * Rare B-cell leukemia - b/
: ‘ PE38
immunotoxin @ * Characterized by very high b O 0
Anti-CD22 Fv CD22 expressionl@ s

* Often presents with o
pancytopenia and

splenomegaly!®!

* |dentifiable on peripheral C} O

blood smear due to
C h aracteristic a ppearance Hair-like projections of cytoplasmic

membrane characteristic of hairy cell
leukemialc]

Pseudomonas
exotoxin (pe38)
.~ _ conjugate to Ig
/ \»~/ | variable Hand L
I lIbl I chains

Cell death




Immune checkpoint inhibitor therapy

CTLA-4/B7 binding inhibits Blocking CTLA-4 allows
T cell activation T cell killing of tumor cell

" Anti-CTLA-4

—

Antigen-presenting (
cell :

B7-1/B7-2

Active T cell

ive T cell Tumor cell
Inactive T ce death

Tumor cell ' 4



PD-L1 binds to PD-1 and inhibits
T cell killing of tumor cell

Tumor cell

Blocking PD-L1 or PD-1 allows
T cell killing of tumor cell

Tumor cell
death




Biological therapies in organ transplantation

— T ——

Anti-CD25

mAb Cell membrane
D'm cell Anti-CD154 Sirolimas,
mAb Everotmus

Interleukin2

Interfeukin:15

JAX3
inhibitor

...,C,'D
MHC/peptides— :

Tacrolimus




Main category

Anti-
inflammatory

Anti-cancer

Other

Type

infliximab

adalimumab

basiliximab
daclizumab
omalizumab
gemtuzumab
alemtuzumab
rituximab

trastuzumab

nimotuzumab

cetuximab

bevacizumab
palivizumab

abciximab

Application
heumatoid arthritis
Crohn's disease
Ulcerative Colitis
rheumatoid arthritis
Crohn's disease
Ulcerative Colitis
Acute rejection of kidney
transplants
Acute rejection of kidney
transplants
moderate-to-severe allergic
asthma

relapsed acute myeloid leukemia
B cell leukemia

non-Hodgkin's lymphoma

breast cancer with HER2/neu
overexpression

Approved in squamous cell
carcinomas, Glioma

Clinical trials for other indications
underway

Approved in squamous cell
carcinomas, colorectal carcinoma
Anti-angiogenic cancer therapy
RSV infections in children
Prevent coagulation in coronary
angioplasty

Mechanism/Target

inhibits TNF-a

inhibits TNF-a

inhibits IL-2 on activated T cells
inhibits IL-2 on activated T cells

inhibits human immunoglobulin E (IgE)

targets myeloid cell surface antigen
CD33 on leukemia cells
targets an antigen CD52 on T- and B-

lymphocytes

targets phosphoprotein CD20 on B

lymphocytes

targets the HER2/neu (erbB2) receptor

EGFR inhibitor

EGFR inhibitor
inhibits VEGF

inhibits an RSV fusion (F) protein
inhibits the receptor Gpllb/llla on

platelets

Mode

chimeric

human

chimeric

humanized

humanized

humanized

humanized

chimeric

humanized

humanized

chimeric

humanized
humanized

chimeric



Over 500 mabs were used for human
therapeutic application in 2020

More than 2000 are under clinical trial
at the moment



The number of approved
therapeutic antibodies (cumulative)
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Risks of mab treatments

Allergic reactions

Intolerance

Declined and blocked activity
Banal infections
Tuberculosis (Quantiferon test)

Sever, non-specific immunological
side effects
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CD52

T cell

Induction phase

9
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T cell-
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endothelial
cell adhesion

CD28

T

CD3
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Potential differences between humans

and monkeys:

« CD28 structure: difference in three
transmembrane residues.

« CD28SA binding kinetics and calcium
response (sustained in humans).

» Immunological synapse (IS) formation
involving CD28 cross-linking.

« Greater T-cell adhesion to endothelial
cells through CD28SA/FcyR and
CD1b/ICAMI in humans

» Greater immunoregulation in animals
(through SIGLECs, T, and cytokines).

oozo‘;o & FoR ICAMI &4
Cytokines <= .O IO IO -O [O lO

Endothelial cells

End-organ damage

t C Surface of T cell

Cytokine storm Capillary leak
TNFa, IFNy - syndrome
IL-1B, IL-2, IL-4, IL-6, Endothelial
IL-8, IL-10, IL-12 damage

TCR-CD28
microcluster IS

Multiple organ failure
« Pulmonary infiltrates
« Lung injury

» Cardiovascular shock

« Renal failure

« Acute respiratory distress syndrome

» Disseminated intravascular coagulant

c-SMAC

Nature Reviews | Drug Discovery

formation

a | Surface receptors on T cells can cause a
cytokine storm when activated by therapeutic
mADbs (Alemtuzumab, Muromonab-CD3 and
TGN1412). b | TGN1412 can directly cause some
cytokine release, as CD28 is expressed on a
variety of cells in the normal immune system.
Cross-linking of human CD28 may contribute to
the formation of an activated immunological
synapse (IS) on the surface of T cells, and binding
of CD28SA to Fcy receptors (FcyRs) on
endothelial cells and other leukocytes could cause
further cytokine release. Activation of CD28 may
also cause upregulation of adhesion molecules
such as CD11b on the surface of T cells or other
cells of the innate immune system, which can then
bind to intracellular adhesion molecule 1 (ICAM1)
on endothelial cells. T cell-endothelial complexes
have the capacity to cause amplified cytokine
production and local endothelial damage.
Hence, the cytokine storm and neutrophil
infiltration could mediate the capillary leak
syndrome with resultant multiple organ failure.
c | The IS forms in a dynamic process on the T-cell
plasma membrane, in which the five components
of the TCR—-CD28 microcluster aggregate to form
a central supramolecular activation cluster (c-
SMAQC). The latter consists of a core of TCR and
CD3 molecules, surrounded by a ring of CD28
molecules with associated protein kinase C6,
which causes sustained T-cell activation.



