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Abstract:

Monoclonal antibodies (mAbs) have emerged as one of the most important tools in modern medicine,
combining scientific precision with lifesaving applications. This project explores their biology,
production techniques, and industrial as well as therapeutic uses. Beginning with an overview of
antibodies and the discovery of B lymphocytes are responsible for their production, the study
highlights how monoclonal antibody technology was developed through hybridoma methods and later
scaled in to industrial production.

The project further examines the therapeutic importance of monoclonal antibodies with a special
focus on cancer management, autoimmune disease and diagnostic tools. Real — world aspects such as
cost, accessibility in India and expanding global market are also discussed. A case study on breast
cancer has been included to illustrate how monoclonal antibodies are applied in practice, supported
by clinical outcomes and industry data.

Overall, this project emphasizes how a laboratory breakthrough transformed into a global healthcare
solution. By combining biological principles, industrial data, and real clinical insights, the work
provides a complete picture of how monoclonal antibodies are shaping the future of medicine.
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INTRODUCTION

Cancer remains one of the deadliest diseases worldwide. Although it is neither contagious nor caused by a
virus, it continues to be a major cause of death in India and across the globe. According to the WHO cancer
country profile 2020, India reported over 1.1 million new cancer cases and approximately 7,85,000 cancer
related deaths in 2018 alone. Cancer now accounts for nearly 19% of all premature deaths from non-
communicable diseases (NCDs) in India.

Some of the most common cancers in India includes breast, cervical, colorectal, lung and oral cancers.
Which together contribute to a large share of new cases and death each year, such as tobacco use (17.4%
cancer death) infections (21.7% of cases), alcohol consumptions and lifestyle changes have all increased the
risk of developing cancer in the population.
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Graph 1 : Most common cancer cases in India (2018). Source — World Health Organization. Cancer country
profile India. World Health Organization. . Graph created by Author.
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Graph 2 : Most common cancer cases in India (2018).
Source — World Health Organization. Cancer country
profile India. World Health Organization. . Graph

The data clearly shows that India faces a double challenge with cancer. On one side, cancers like breast, oral
and cervical remain the most common, while lung, stomach and esophageal cancers account for higher share
of deaths, reflecting serious issue of late detection. On the other hand, lifestyle related factors such as
Tobacco, alcohol and obesity continue to drive a large portion of cancer cases and deaths.

Together, these patterns highlight that India’s cancer burden is not just a medical concern but also
preventable one. By reducing tobacco and alcohol use, encouraging healthier lifestyle, and strengthening
early screening programs, the country can significantly cut down both incidence and mortality of cancer in
coming years.

Biotechnology, which combines biology with modern technology, has played a significant role in
transforming cancer treatment. Scientist have developed monoclonal antibodies (mAbs) laboratory made
molecules that can target cancer cells to improve treatment outcomes while minimizing them to healthy
cells. Unlike traditional chemotherapy, which affects entire body, monoclonal antibody therapy is more
precise and often results in fewer side effects.
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Despite these medical advances, India still faces major challenges like a shortage of cancer care
infrastructure, high treatment cost and unequal access for patients in rural and low income areas. According
to projections, breast and lung cancer cases are expected to rise sharply by 2040, highlighting the urgent
need for effective and affordable treatment options.

The future of cancer management lies in personalized medicine, improved early detection, cost effective
immunotherapies and wider adoption of biotechnological solutions like, monoclonal antibodies. Research is
underway to develop cheaper biosimilars and expand clinical trials, so that cutting edge therapies can
become more accessible to all sections of society.

Through this project, the aim is to understand what monoclonal antibodies are, how they are produced and
how they are used in modern cancer treatment. This study also explores their benefits, cost and access
challenges, current research and includes a real life case study to highlight their impact.

I chose this topic because it connects advanced scientific innovation with real world patient care and reflects
the urgent need for affordable solutions in India’s fight against cancer. | believe this research will help raise
awareness and inspire more ideas for better treatment in the future.

ANTIBODIES:

Antibodies also called Immunoglobins (Ig), are specialized proteins produced by the body in response to
foreign substances called antigens. Antigens can be bacteria, viruses, toxins or any substance that the body
recognizes as harmful.

Antibodies are Y-shaped molecules made up of four polypeptide chain, two light chains and two heavy
chains.

Each arm of the Y has a variable region at its tip, which blinds specifically to an antigen. This part is called
antigen binding site. The rest of the antibody structure remains constant and is responsible for interacting
with other parts of immune system.

The story of antibodies began in the 18" century, when Edward Jenner’s small pox vaccination in 1978,
should that the body could develop protection against diseases. In 1890, Emil Von Behring and Shibasaburo
Kitasato proved that a substance in blood could transfer immunity from one animal to another. This
discovery laid a foundation for understanding how our bodies fight against infections naturally.

In 1891, Paul Ehrlich introduced the idea that immune system could create specific molecules to target and
destroy harmful microbes - A concept that shaped the idea of targeted immunity. Over the years, scientists
learned that antibodies are produced by B-lymphocytes and play a major role in humoral immune response.
The fact that antibodies are produced by B-lymphocyte (B cells) was not always known. This important link
was discovered through a series of experiments carried out mainly between the 1940s and 1970s.

Early research showed that something in blood serum could protect against infections — but which cells
made this substance was unclear. Scientists began by studying birds, which have a special organ called
bursa of fabricius. When this organ was removed from young birds, the birds were unable to produce
antibodies, proving that the bursa was essential for antibody production. This is why these cells are called B
cells — the “B” stands for “Bursa”.

In mammals like humans and mice there is no Bursa Instead, B cells develop in the bone marrow.
Experiments on mice showed that when spleen or lymph node cells were isolated and fused with cancerous
myeloma cells, the resulting cells produced large amounts of single type of antibody. This was direct proof
that certain white blood cells from the spleen (B cells) are responsible for making antibodies.

Later, scientists confirmed this by using fluorescent tags and microscopes. By tagging antibodies with
special dyes, they could see which cells were producing and carrying antibodies on their surface. These
studies proved beyond doubt that B — lymphocytes are the main source of antibodies in human immune
system.

Following the discovery that B lymphocytes are the primary producers of antibodies, advances in molecular
biology and immunology have greatly expanded our understanding of their structure, functions and
applications. The late 20" century marked a turning point with development of techniques that allowed
scientists to study antibodies act molecular level, particularly through proteins crystallography and
molecular cloning.

One of the most significant break thoughts came in 1975, when Georges Kohler and Cesar Milstein
developed the hybridoma technique, enabling the production of monoclonal antibodies. This innovation not
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only provided a consistent supply of antibodies for research but also opened the door to targeted therapies
for cancer, autoimmune disease and infectious diseases.

Modern antibody research now focuses on engineering antibodies with enhanced specificity, stability and
reduced immunogenicity. Advances such as humanized antibodies, bispecific antibodies and antibody drug
conjugates (ADCs) are transforming therapeutic strategies. For example, monoclonal antibodies targeting
immune checkpoints, such as PD-1 or CTLA- 4 have revolutionized cancer treatment by enabling the
immune system to recognize and attack tumor cells.

The applications of antibodies extend beyond therapy into diagnostics and public health. Rapid antigen tests
for infectious diseases, such as COVID — 19, utilize antibody — antigen binding principles for quick and
accurate detection. Similarly, antibody based imaging agents are being developed for early cancer detection,
allowing clinicians to visualize tumor sites with high precision.

Looking ahead, antibody research is projected to play a central role in personalized medicine. By factoring
antibody based treatments to a patient’s unique genetic and immunological profile, physicians can improve
efficacy while minimizing side effects. Coupled with advances in biotechnology such as phage display and
synthetic antibody libraries, the future of antibody science promises faster drug developments improved
vaccines and moral therapies for currently untreatable diseases.

CLASSIFICATION

Antibodies or immunoglobulins can be classified using several criteria that reflect their structural, functional
and evolutionary diversity. Each system of classification provides unique insights — some are grounded in
biochemical features, while others stem from genetic origins, functional roles or clinical applications.
Together, they illustrate the complexity of the immune system and highlight why antibodies remain central
to both basic immunology and translational medicine.

1. BY HEAVY CHAIN

Antibodies are first classified on the basis of their heavy chains, which determine the isotype of the
molecule. The five heavy chain types - Y, a, u, € and © — give rise to the immunoglobulin classes 1gG,
IgA, IgM and IgD respectively. Each of these isotypes has specialized roles in immunity.

For instance, 1gG dominates in serum and provides long term Immunity after infection or vaccination. It is
also the only antibody capable of crossing the placenta, ensuring passive immunity to the fetus. IgM is the
first responder during infection, existing as a pentamer with high avidity for antigens. IgA, abundant in
mucosal secretions, forms the body’s frontline defense in the respiratory, gastrointestinal, and genitourinary
tracts. IgE, though present in trace amounts, is a potent mediator of allergic reactions and parasite defense.
IgD, though least understood, functions as a receptor on naive B — cells and plays a regulatory role.

From a therapeutic perspective, IgG is the preferred backbone for engineered monoclonal antibodies,
including blockbuster drugs such as rituximab, and pembrolizumab. This preference underscores the
translational value of heavy-chain classification.

2. BY LIGHT CHAIN

Every antibody carries two identical light chains, either kappa (k) or lambda (A). Although both types
perform similar antigen-binding functions, the k:A ratio in serum serves as an important diagnostic marker.
In healthy individuals, the ratio is about 2:1. Disturbances in this balance often indicate plasma cell disorder
such as multiple myeloma or light chain amyloidosis.

Clinically, assays measuring free light chains are widely used to track disease progression and treatment
response. The deposition of misfolded light chains in tissues can cause organ damage, emphasizing their
pathological relevance. In research, studying k and A chains provides clues to immune system diversity and
species specific preferences.

3. BY STRUCTURE / POLYMERIZATION

Antibodies also differ in their structural organization. IgM often exists as a pentamer, while IgA can be
monomeric in serum but dimeric in mucosal secretions. IgG, IgE and IgD typically exists as monomers.
Polymerization enhances functional efficiency. Pentameric IgM is particularly effective at agglutination and
complement activation, while dimeric IgA is ideally suited for mucosal defense, where its secretory
component differences observed in vivo.
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4. BY ORIGIN

Antibodies can be classified by their source of production: polyclonal, monoclonal, recombinant or
humanized. Polyclonal antibodies, produced naturally by multiple B-cell clones, recognize various epitopes
of an antigen. Monoclonal antibodies generated through the hybridoma technique are highly specific to a
single epitome. Recombinant antibodies are engineered using molecular techniques often incorporating
human sequences to reduce immunogenicity.

This classification is vital for medicine. While polyclonal antibodies are still used in antivenoms,
monoclonal and recombinant antibodies dominate cancer immunotherapy, autoimmune disease treatment,
and infectious disease management.

5. BY FUNCTION

Antibodies are specialized not only structurally but also functionally. They may act as neutralizing
antibodies, blocking toxins or viral entry; opsonizing antibodies, enhancing phagocytosis; or complement —
fixing antibodies, initiating lysis of pathogens. Others act as blocking antibodies, preventing inappropriate
immune responses.

Functional classification bridges immunology and clinical practice. For example, neutralizing
monoclonal antibodies such as palivizumab are used to prevent respiratory syncytial virus in infants, while
therapeutic antibodies in oncology exploit opsonization and complement activation to destroy cancer cells.
6. BY LOCATION
The site of antibody action is another important criterion. Systemic antibodies (like IgG and IgM) circulate
in blood and lymph, providing widespread production, while mucosal antibodies (mainly IgA) defend
localized barriers such as the gut, lungs, and reproductive tract. Location — specific classification has
practical implications. Oral vaccines, for instance aim to stimulate mucosal IgA production, while injectable
vaccines primarily induce systemic 1gG responses.

7. BY ANTIGEN SPECIFICITY

Antibodies may be categorized by the type of antigen they target. Natural antibodies often bind
carbohydrate antigens on bacterial surfaces, while therapeutic monoclonal antibodies are designed against
proteins like HER2 (in breast cancer) or PD — 1 (in immunotherapy). This specificity explains why antibody
based therapies have revolutionized oncology, infectious diseases and autoimmune disorders. Each
therapeutic antibody is engineered with exquisite precision to bind its intended antigen with minimal off
target effects.

8. BY GENETIC BASIS

At the genetic level, antibodies are classified according to the immunoglobulin gene segments encoding
them — variable (V), diversity (D), joining (J), and constant (C) regions. Genetic recombination, somatic
hyper mutation and class switching contribute to the vast antibody repertoire.

This classification is crucial for research in vaccine design, autoimmune diseases, and precision
immunotherapy, since it highlights how genetic diversity underlies immune adaptability. Advances in next-
generation sequencing now allow detailed mapping of antibody repertoires, providing new tools for
diagnostics and therapy.

9. BY CLONALITY

Antibodies may be monoclonal (from a single B — cell clone, recognizing one epitope) or polyclonal (from
multiple clones, recognizing many epitopes). Monoclonal antibodies are invaluable in diagnostics and
therapeutics due to their specificity, whereas polyclonal antibodies provide broader coverage in immune
responses.

In clinical settings, monoclonality is also a hallmark of certain diseases, such as multiple myeloma, where a
single clone of plasma cells produces large amounts of identical antibody.

10. BY SPECIES

Finally, antibodies can be classified by the species in which they are produced. Early monoclonal antibodies
were murine (mouse-derived), but these caused immune reactions in humans. This challenge gave rise to
chimeric, humanized, and fully human antibodies, which progressively reduce immunogenicity while
retaining therapeutic efficacy.
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Today, species — based classification is central in biotechnology. Fully human antibodies produced by phage
display libraries or transgenic mice have become the standard for modern therapeutics, ensuring both safety
and efficacy.

MONOCLONAL ANTIBODIES

A monoclonal antibody (MAP) is an immunoglobulin produced by a single B-cell clone (or its engineered
equivalent) that recognizes one specific epitope with uniform affinity and effector potential. This clonality
yields molecular homogeneity, every molecule has same antigen-binding site (paratope) and therefore offers
reproducible binding behavior across assays and clinical lots. The contrast with polyclonal sera (multi —
epitope, variable composition) is fundamental. Monoclonals enable standardization, precise mechanism
mapping and controlled effector design for downstream use in diagnostics and therapy.

The modern era of mAbs begins with Kohler and Milstein (1975), who demonstrated that antibody —
secreting spleen cells from an immunized mouse could be fused with immortal myeloma cells to create
hybridomas that continuously secrete a single, predefined antibody. This experiment established the
practical route to unlimited, uniform antibody production and reshaped experimental immunology. The
discovery was recognized by 1984 Nobel Prize in physiology or medicine (shared with N.K. Jerne for
foundational immunological theory).

Historical nuance: official accounts from the Nobel foundation and research
institutes emphasize that the breakthrough was both a concept (monoclonality)
and a platform (hybridoma) i.e. a generalizable method that could generate
antibodies with predefined specificity on demand.

Like all IgG, a typical therapeutic or analytical mAb comprises two identical heavy and two identical light
chains forming Fab (antigen — binding) and Fc (effector) regions. For monoclonals the variable domains
(VH/VL) are identical across all molecule in a batch, encoding the same complementarity determining
regions (CDRs) and thus and same epitope specificity. This identity underpins - Consistent affinity / avidity
towards the target epitope under defined conditions, Predictable cross — reactivity (if any) which can be
experimentally characterized and Reproducible effector recruitment through Fc (when desired).

These properties — clonality, definable specificity and separable effector function are what made
monoclonals the workhorse molecules of modern biomedicine. Although antigen recognition sits in Fab, the
Fc region governs interactions with neonatal fc receptor (FcRn) and FcY receptors — hence half-life and
effector recruitment can be tuned by sequence and glycan modifications.

. FcRn — mediated recycling and half-life :

FcRn binds IgG in endosomes at acidic PH and rescues it from lysosomal degradation, extending serum
persistence. Rational Fc engineering (Eg; YTE, LS and other variants) can strengthen or modulate this
interaction to prolong or adjust half-life an essential conceptual lever you will connect to dose interval
choice later.

. Glyco-engineering and ADCC:

Removing core flucose from Fc glycans heightens affinity to FcY Rilla on NK cells, thereby increasing
antibody — dependent cellular cytotoxicity (ADCC) — a property validated in afucosylated anti — CD20
designs and related mechanistic studies. Contemporary molecules extend the monoclonal principle beyond a
simple 1gG while retaining clonal uniformity.

. By specific antibodies:

Single molecular entities with two distinct binding specificities (eg., one arm to an immune cell receptor, the
other to a target antigen). Despite dual specificity, each product is still produced from one engineered clone,
fulfilling monoclonality at the manufacturing level.

1IJIRMPS2505232762 Website: www.ijirmps.org Email: editor@ijirmps.org 6



https://www.ijirmps.org/

Volume 13 Issue 5 @ Sep - Oct 2025 IJIRMPS | ISSN: 2349-7300

. Antibody fragments / Nanobodies:

Engineered single — domain binding units derived from heavy chain. Only antibodies (camelids). Their
compact size improves tissue penetration and offers new geometry for target engagement, yet each clinical
product is still clonally uniform.

The world health organization’s INN expert group and the USAN council (2021) revised naming rules: the
long used stem “-mab” was discontinued for new applications and replaced by four stems that better encode
structure / mode of action categories.

This chapter has defined monoclonal antibodies as clonally ‘uniform, precisely targeted immunoglobulin,
traced the historical basis of their emergence, clarified architectural and binding principles and outlined how
sequence and glycan engineering can shape pharmacology without entering production steps or clinical use.

HYBRIDOMA TECHNOLOGY

Hybridoma technology is a landmark achievement in biotechnology that allowed for the continuous
and large — scale production of monoclonal antibodies (mAbs) developed in 1975 by George Kohler and
César Milstein, this method was revolutionary because it provided a way to produce antibodies that are
identical, specific and reproducible. Their contribution was so significant that they were awarded the Nobel
Prize in physiology or medicine in 1984.

PRINCIPLE OF HYBRIDOMA TECHNOLOGY:
The central idea of hybridoma technology is based on fusion of two types of cells:

1. B — Lymphocytes (B-cells): These immune cells produce antibodies specific to an antigen but have
a limited lifespan in culture.
2. Myeloma cells: Immortal tumor cells derived from plasma cells that can divide indefinitely but lack

the ability to produce functional antibodies.

When fused the resulting hybridoma inherits, two key properties are, the immortality of myeloma cells and
the antibody secreting capacity of B — lymphocytes. This combination makes it possible to obtain unlimited
monoclonal antibodies of a single specificity.

PROCESS OF HYBRIDOMA TECHNOLOGY:
1. IMMUNIZATION OF MOUSE:
The process begins by immunizing a mouse with a specific antigen, often with an adjuvant to increase
immune response. Overtime, the animal develops activated B — cells capable of secreting antibodies against
the antigen.
2. ISOLATION OF B - CELLS:
The spleen rich in B — lymphocytes, is surgically removed and processed. These B — cells carry the genetic
instructions for producing the desired antibody.
3. FUSION WITH MYELOMA CELLS:

The spleen cells are fused with immortal myeloma cells using polyethylene glycol (PEG) or electric
field methods. This generates a mixture of unfused B — cells, unfused myeloma cells and hybridomas.
4. SELECTION IN HAT MEDIUM:
Cultures are grown in HAT medium (Hypoxanthine — Aminopterin — Thymidine). Myeloma cells die due to
HGPRT deficiency and B — cells die naturally after a few days. Only hybridomas survive, as the combine
immortality and HGPRT activity.
5. SCREENING FOR DESIRED ANTIBODY:
The surviving hybridomas are screened using ECISA or radio immunoassays to detect those producing
antibodies against the target antigen.
6. CLONING OF HYBRIDOMA CELLS:
Selected hybridomas are cloned by limiting dilution ensuring each clone produces a single type of antibody.
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7. LARGE SCALE PRODUCTION:
Stable hybridomas are cultured indefinitely in bioreactors or introduced in to mice to produce ascetic fluid
rich in monoclonal antibodies.

APPLICATIONS OF HYBRIDOMA TECHNOLOGY:

The production of therapeutic monoclonal antibodies, like Rituximab for lymphomas and Trastuzumab for
breast cancer, has made a significant impact on treatment options. Diagnostics are also important; for
instance, they are used in pregnancy tests, viral infection tests, and blood group typing. In research,
scientists work on identifying cell surface markers, signaling molecules, and immune pathways to better
understand how our bodies function. On the industrial side, there's a focus on creating bio-specific reagents,
immobilizing enzymes, and ensuring quality testing.

SIGNIFICANCE IN BIOTECHNOLOGY:

Hybridoma technology marked the beginning of the modern era of antibody engineering. It provided a
reliable platform for producing uniform, high affinity antibodies, unlike polyclonal sera which were
variable. This innovation also led to advancements in genetic engineering enabling the development of
chimeric, humanized and fully human antibodies. Today nearly all therapeutic antibodies used in oncology,
autoimmune disease and chronic inflammatory disorders trace their roots back to hybridoma technology.

MONOCLONAL ANTOBODIES PRODUCTION

Once a stable monoclonal antibody clone is obtained, the next step is to manufacture it in sufficient quantity
and purity for research or therapeutic use. Production is generally divided in to upstream processing (cell
culture and expression) and downstream processing (purification, formulation and testing). The entire
workflow ensures not just high yield but also a product that is safe, effective and consistent.

UPSTREAM PROCESSING

Most monoclonal antibodies today are expressed in Chinese hamster ovary (CHO) cells, as they provide
stable growth and human like glycosylation. After selecting a high producing clone, scientists prepare a
master cell bank and working cell bank under strict conditions. These banks act as permanent source for
production runs.

Cells are grown in bioreactors using fed — batch or perfusion cultures. Where nutrients and oxygen are
carefully controlled even small changes in PH, Temperature or media composition can affect the antibodies
glycosylation and stability, so upstream design directly influences product quality. The harvest stage
includes removing centrifugation or filtration to obtain clarified culture field.

DOWNSTREAM PROCESSING:

The clarified harvest undergoes several purification steps. Protein A chromatography is the first capture
step, which isolates antibodies by binding to their Fc region. A low pH and a virus filter ensure viral
inactivation and safety. lon—-exchange and size exclusion chromatography are used to remove most cell
proteins, DNA, aggregates, and charge variants. Ultrafiltration and diafiltration then concentrate the
antibody and exchange the buffer for a stable final formulation. Finally, the product is sterile filtered and
filled into vials or syringes under aseptic conditions.

QUALITY CONTROL TESTING:

Each batch undergoes extensive quality control (QC) to confirm safety and consistency. Critical quality
attributes (CQAS).

Includes Identity — confirmed by SDS — PAGE or mass spectrometry. Purity and aggregates — measured by
size—exclusion chromatography. Glycosylation profile — analyzed by LC — MS or HILIC. Potency — tested
with ELISA or cell-based assays, depending on the mechanism of action. Impurities — host cell proteins,
DNA, and endotoxins tested by ELISA, QPCR, or LAL assay. Sterility and stability — confirmed by culture-
based sterility test and stress studio.
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These QC steps are required by regulatory bodies such as the WHO, EMA and FDA to ensure antibodies
meet strict release specifications. Monoclonal antibody production is a stepwise process that starts with
stable cell line generation moves through bioreactor culture and purification and ends with strongest quality
control. Each stage is carefully designed to balance yield with safety and product quality providing the
foundation for later use in therapy and clinical trials.

INDUSTRIAL APPLICATIONS

Monoclonal antibodies are no longer confined to research labs; they are now a huge part of the global
healthcare industry. Their role is not limited to treating patients but also extends to diagnostic Kits,
biosimilars and large scale bio manufacturing. What began as a scientific breakthrough in the 1970s has
become one of the most powerful tools in modern industry.

MARKET GROWTH AND SCALE:

Getting access to important cancer treatments depends on various factors — how health care is organized,
patent rules, and whether the medicine can be made locally. These things can make a difference in who can
afford the medicine. The graph below shows how these factors play out in the cost of trastuzumab across
difference regions.
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Graph 3: estimated trastuzumab cost per treatment cycle by country (USD). Data from CNBC, health Econ
journal, Biocon, Chinese hospital surveys and global pricing studies. Graph created by Author

All costs shown in 1000s of USD

DIAGNOSTIC KITS AND TESTING:

One of the earliest and most reliable industrial uses has been diagnostics. Monoclonal antibodies are the
backbone of ELISA Kits, pregnancy tests, HIV testing and more recently COVID — 19 antigen kits. Here,
the focus is not on very large production batches but on consistent and specific antibodies that can give
accurate results quickly. For example diagnostic production batches usually range from 0.1 to 10 grams
small compared to therapeutics but extremely important in public health.

BIOSIMILARS AND GLOBAL ACCESS:

With patient’s expiring on blockbuster drugs like humira, industrial focus has shifted to biosimilars. These
are cost effective versions of monoclonal antibodies produced under strict industrial standards. India, South
Korea and China are now big players in this market, making treatments more affordable and showing how
the industry has become global not just western dominated.
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INDUSTRIAL PRODUCTION IN BIOREACTORS

On the industrial side therapeutic antibody production requires enormous facilities. Verified cell clones are
expanded in Chinese Hamster ovary (CHO) or NSO cells, and then grown in bioreactors under good
manufacturing practices (GPM). Unlike diagnostics here the production scale is massive with lampaigns
producing hundreds of grams or more per run. Quality control purification and regulatory checks are
essential, which is why industrial monoclonal antibody plants are some of the most expensive biopharma
infrastructures in the world.

WHY INDUSTRIAL APPLICATION MATTER:

The true strength of monoclonal antibodies lies in their versatility. They move seamlessly from a Rapid
diagnostic strip in rural clinics to multibillion dollar cancer therapies in urban hospitals. Their industrial
success shows how a laboratory discovery has been transformed into a global health care economy, one that
continues to expand rapidly and touch millions of lives every day.

THERAPEUTIC APPLICATIONS

Imagine a world where you can treat cancer without hitting the patient with severe side effects all by using a
molecule designed to find and bind only cancer cells. That world is here, thanks to monoclonal antibodies
(mAbs). Once ground breaking lab tools, mAbs now have widespread therapeutic use across cancer,
autoimmune diseases, and diagnostics driven treatment decisions. This chapter dives in to those key areas,
unpacking how mAbs changed the game and why they still define cutting edge medicine today.

1. CANCER

Cancer care has always balanced two competing goals: hurt the tumor and spare the person. Traditional
chemotherapy achieved the first by poisoning fast dividing cells and tolerated the second by careful dosing
and supportive care. Radiotherapy did something similar with energy instead of chemicals. Monoclonal
antibodies changed the equation by adding a third approach — recognition. If a tumor displays a marker that
normal tissues do not (or display in excess) an antibody can be built to find that marker and either block its
signal flag the cell for immune attack or carry a lethal payload right to its surface. It sounds almost obvious
today: when it first worked in patients it felt like a new language for treating disease.

The earliest clear win in B — cell lymphomas- Many malignant B cells carry a protein called CD20.
Rituximab, an antibody designed to bind CD20, does not “kill” cells directly like chemotherapy. Instead it
coats them and invites the patient’s immune system to do the rest. Natural killer cells engage through their
Fc receptors complement is activated and the labeled B cell becomes a target. Clinically, the quiet result is
that adding rituximab to a standard chemotherapy backbone turns partial responses in to complete ones in
more patients and keeps those responses for longer. Doctors noticed something else practical but important:
because rituximab is narrowly focused, many patients tolerated it better than the drugs they had received for
years.

Solid tumors soon followed but with a different logic. Certain breast cancers amplify the HER2 receptor
turning a growth signal in to a stuck accelerator pedal. Trastuzumab binds HER2 and dampens that signal;
in practical terms, women with HER2 positive disease who receive trastuzumab with chemotherapy relapse
less often and live longer. What makes this example powerful is not only that a molecular abnormality is
targeted by a molecule designs for it, but else that the antibody’s success depends on good diagnosis. If a
tumor is misclassified as HER 2 positive, trastuzumab adds toxicity without benefit. If true positivity is
missed a patient loses a major advantage. The therapy and the test grew up together.

Other antibodies worked not by interrupting growth signaling on the tumor but by changing on the tumor
but by changing the neighborhood around it. Tumors cannot expand beyond a few millimeters unless they
recruit new blood vessels. Vascular endothelial growth factor (VEGF) is a key signal in that recruitment.
Bevacizumab blinds VEGF and in combination with existing regimens, improves control in several cancers
by starving the tumors blood supply. Eye specialist noticed the same principle, at work in macular
degeneration, a disease of abnormal retinal vessels responded to an anti — VEGF antibody with improved
vision. This “cross talk” between oncology and ophthalmology had the feeling of a concept proving itself
across organs.

Then came the genuinely radical shift — checkpoint inhibition. For years, immunologist had mapped the
brakes and accelerators that keep T cells from attacking our own tissues. Tumors exploit those brakes
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especially the CTLA — 4 and PD-1 / PD-L1 pathways to hide in plain sight. Antibodies against these
checkpoints do not go after the T cell from restraint. Clinicians saw first in melanoma and then across many
cancers, something that chemotherapy almost never produced. Long, durable remissions in a subset of
patients, with tails on survival curves stretching out for years. It is hard to overstate how strange and
thrilling this looked at first patients with widely metastatic disease who simply did not progress for long
intervals after an immune brake was lifted. Of course, the cost of releasing brakes is that sometimes the
immune system turns on healthy tissue: Colitis, hepatitis, pneumonitis, and endocrine inflammation.
Oncologists learned a new vocabulary of “immune — related adverse events” and a new reflex to treat the
inflammation quickly with steroids before it becomes dangerous. The tradeoff risk of autoimmunity for a
chance at durable control felt acceptable to many patients, especially where prior options were limited.
Antibody drug conjugates (ADCs) married the old and new worlds with elegant pragmatism. A naked
antibody can block a receptor or recruit immune effectors; a cytotoxic drug can kill dividing cells but harms
many by standers. An ADC links them so that the toxic payload arrives at tumor’s surface and is pulled
inside upon binding. Ado- trastuzumab emtansine and newer agents in breast, lymphoid and urothelial
cancers showed that patients who had “seen” several lines therapy could still benefit from precision
delivered chemotherapy. The pharmacy and nursing implications were non trivial dosing schedules, infusion
reactions and organ monitoring differ from classic regimens but the conceptual gain was obvious: bring
bomb to target not the whole city.

Each successful antibody depends on a difference — CD20 on malignant B cells. HER 2 on certain breast
cancers, VEGF in angiogenesis and PD — L1 on tumor. The more clearly that difference maps to disease
behavior the more convincing the clinical benefit. For example, not all lung cancer responds to PD —
1blockade expression of PD — L1 and tumor mutational burden help predict benefit but do not guarantee it.
Indian clinics experience the same science filtered through access and logistics. Large centers offer
rituximab, trastuzumab, checkpoint inhibitors and several ADCs as routine options, but costs shape choices.
Biosimilar antibodies legally and clinically approved version of originators matter here. They can lower
price points enough to bring mADs in to public hospital formularies or state programs, though affordability
is still uneven. It is helpful to think of the cancer mAb as three linked ladders-Laboratory mechanism,
clinical evidence and real world data. The first two rungs can be climbed by research. The third depends on
policy and economics which | discuss later in the “Real World Data”.

Finally, a brief note on limits. Tumors evolve under pressure. After months of a targeted antibody, some
cells may lose the antigen or reroute the signaling cascade, resistance appears in scans before it appears in
symptoms. This is why modern regimens use combinations, an antibody plus chemotherapy or dual
antibodies against two related epitopes or an antibody followed by an ADC when the disease returns. The
idea is not to bet everything on one lock and key, but to make life progressively harder for a shape shifting
opponent. In that sense therapeutic antibodies have not replaced older treatments, they have reorganized
them into more thoughtful, biology guided plans.

2. AUTOIMMUNE DISEASES:

If cancer therapy with antibodies is about recognizing “other”, autoimmune therapy is about teaching the
immune system to stop mistaking “self” for “other”, many autoimmune disease are powered by a handful of
inflammatory signals, cytokines like TNF-a and IC-6 or by B cells that manufacture pathogenic auto
antibodies. The point of treatment used to broad suppression: steroids, methotrexate and other agents that
dial down immunity at multiple levels. Effective, yes, but often at a cost of side effects and incomplete
control. Monoclonal antibodies allowed clinicians to turn the volume down on specific channels of
inflammation instead of cutting the power to the whole house.

The clearest example is the family of TNF inhibitors, monoclonals that bind TNF—a in the blood stream
and neutralize its ability to amplify inflammation. In rheumatoid, arthritis, crohn’s disease and psoriasis,
patients who cycled through steroids and conventional disease — modifying drugs began to report to
something that sounded almost radical. Stiffness easing within days, objective measures of joint swelling
falling within weeks and sustained remission that allowed them to return to ordinary routines.
Rheumatology clinics changed their visit patterns from managing flares to maintaining remission and
preventing joint damage. Dermatology clinics saw plaques flatten and itch fade where topical regimens had
failed. Gastroenterologists documented mucosal healing in inflammatory bowel disease rather than simply
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symptomatic relief. The lived experience matters here. When the target is well chosen and the antibody is
well tolerated, “feeling normal” becomes a realistic phrase not a promise.

A second approach works not by soaking up cytokines but by reducing the number of B cells that can
generate disease driving antibodies. Rituximab again appears, this time repurposed from oncology to
autoimmunity.

In conditions like pemphigus vulgaris, where auto antibodies attack skin desmosomes, depleting CD20 —
positive B cells interrupts the production line patients who were once bound to high dose steroids (with their
moon face, glucose swings, blood pleasure spikes and bone thinning) began to taper and sometimes stop
steroids altogether while remaining in control. Nephrologists used a similar strategy in vasulitides
neurologists adopted it for neuromyelitis optica spectrum disorder and certain cases of myasthenia gravis.
One learns quickly that immune biology is shared across organs. An antibody that made sense in one
specialty often makes sense in another.

The third stream in autoimmune care aims at specific pathways upstream or downstream of TNF.
Tocilizumab, by blocking the IL-6 receptor, tempers fevers, reduce acute phase reactants and improves joint
scores in rheumatoid arthritis. It later found a role in dampening the cytokine storm that sometimes follows
certain cancer. Immunotherapies or sever viral infections. Ustekinumab, which targets the p40 subunit
common to IL-12 and IL-23, re-shapes t-cell polarization and psoriatic arthritis. More recently, antibodies
narrowly directed at IL-ITA or IL-23 alone refined this approach further, improving skin clearance while
preserving immune defenses elsewhere. In allergic asthma and eosinophillic disorders, anti-IL-5
monoclonals lower eosinophil counts and reduce exacerbations, the list reads long but unifying theme is
simple. Identify the dominant inflammatory driver in a given disease and build a monoclonal that interrupts
it.

Patients and clinicians both care about side effects and monoclonal have their own signature. Infusion
reactions are most visible in clinic like fevers, chills, rashes, blood pressure changes which teams mitigate
with premedication and careful monitoring during the first doses. Because many of these therapies dampen
immunity in specific ways, infections can appear in predictable patterns: reactivation of latent tuberculosis
with TNF blockade. For example, reactivation of hepatitis B with B- cell depleting therapy. This is why
screening for TB and hepatitis is routine before the first infusion and why vaccination planning matters.
When the guardrails are respected the risk benefit balance has felt favorable enough to reorder guidelines
across specialties.

Access issue in autoimmune disease mirrors those in cancer but fall across a wider geography because the
diseases are more common and chronic. For some families the idea of a fortnightly or monthly infusion at a
steady cost competes with school fees or rent. For others a subcutaneous formulation taken at home opens
the door that an infusion center kept closed. Biosimilars have again made an obvious difference. As patents
expire new manufacturers produce equivalent antibodies under stringent comparability rules and prices drift
down. Within India large tertiary centers lead adoption, smaller hospitals follow and government schemes
fill some of the gaps. From a student’s perspective the contrast with steroids is instructive. A cheap tablet
that harms long term versus a costliest injection that can prevent long term harm. The math is not only
medical.

If there is a lesson that bridges my cancer and autoimmune sections, it is that monoclonal antibodies work
best when the disease process is well understood. Where cytokines, receptors or cell populations are clearly
responsible. For symptoms an antibody can make a clean dent, where mechanisms are mixed or not yet
mapped, responses are mixed too. Many research papers describe these as “heterogeneous diseases”, but at
the bedside it feels simpler. The rise of biomarkers in autoimmunity, autoantibody, panels, cytokine profiles,
imaging correlates echoes oncology’s precision movement for the same reason. Good targets are discovered.
They are not guessed.

3. DIAGNOSTICS

A monoclonal antibody can only help the patient who actually needs it and the person who needs it can only
be identified by testing. Diagnostics built from the same antibody logic high affinity landing to a specific
antigen decide who gets what.

The best way to see this is to return to HER2. Before transtuzumab, HER2 testing was academically
interesting after trastuzumab, it became a clinical necessity. Pathology labs validated immunohistochemistry
assays and in situ hybridization methods, learned to classify “2+” borderline cases and built reflex testing
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algorithms. In practice this meant that a woman’s treatment plan could be rewritten by a brown stain on a
slide. The same is now true across tumor types: PD-L1 expression influences whether an oncologist reaches
first for chemotherapy alone or for a chemo-immunotherapy combination. Mismatch repair deficiency or
high microsatellite instability shifts patients toward checkpoint Inhibitors even in cancers that historically
did not respond well. In lung cancer the diagnostic cascade runs deeper. An EGFR mutation suggests a
small molecule inhibitor, an ALK rearrangement suggests another and high PD-L1 expression suggests
immunotherapy. The antibody tests and the therapies do not compete; they compose a single decision tree.
Diagnostic cut across autoimmunity too, although the link between test and therapy may be less binary. In
rheumatoid arthritis, anti — CCP antibodies support the diagnosis: in pemphigus, immunofluorescence
patterns point toward the disease and help track response to rituximab. In neurology, cells based assays for
aquaporin — 4 antibodies separate neuromyelitis optica from multiple sclerosis and justify B — cell targeting
in the former. Even beyond direct therapy selection, antibody based assays shape safety screening for
hepatitis B surface antigen a core antibody before rituximab prevents dangerous reactivation. Quantifying
latent TB infections avoids tragedies on TNF inhibitors. It is easy to dismiss testing as administrative. In
reality, it is a normal technology ensuring scarce expensive interventions land where they confer the most
benefit and least harm.

These applications not only provide accuracy but also enable large scale screening in a cost effective
manner. The importance of such tools becomes especially clear during COVID-19 pandemic. When
monoclonal antibody based diagnostics were deployed worldwide for mass testing. This demonstrated how
the same molecular principle could serve not just in hospital settings but also in community health ensuring
early detection, timely intervention and better outcomes for entire population.

MONOCLONAL ANTIBODIES IN CANCER MANAGEMENT

Monoclonal antibodies (mAbs) have moved beyond being laboratory tools to becoming one of the most
important therapeutic strategies in oncology. Their role in cancer management is not only about destroying
malignant cells but also about transforming how physicians design treatment plans, monitor patient
responses and even predict disease outcomes.

The effectiveness of mADbs is best understood when looking at specific cancers. For example, in breast
cancer, trastuzumab significantly changed the survival landscape for patients with HER2 — positive tumors.
Large scale trials such as HERA study reported that adding trastuzumab to standard chemotherapy reduced
the risk of recurrence by nearly 50%. Similarity, rituximab in non-Hodgkin’s lymphoma was the first
antibody therapy to show improved survival when combined with chemotherapy, creating a new standard of
care. In colorectal cancer, cetuximab and panitumab have helped patients with KRAS wild type tumors
offering benefits that were not possible with chemotherapy alone.

What makes monoclonal antibodies stand out in cancer management is not just their ability to shrink tumors
but also to improve patient’s quality of life. Compared to highly toxic chemotherapies, many antibody-
based regimens are more tolerable allowing patients to remain active and continue with their daily routines.
This shift is often described by oncologists as moving from “just adding years to life” towards “adding life
to years”.

Despite their successes, antibodies are not free from challenges. Resistance often develops when tumor cells
mutate, lose the targeted receptor, or activate alternative survival pathways. For instance patients initially
responsive to transtuzumab may later progress due to resistance mechanisms, necessitating newer
generations of antibodies or combination therapies. Immune related adverse events, such as infusion
reactions or autoimmune like effects, also require careful monitoring. These limitations remind us that while
antibodies are powerful, they are not universal cures.

One of the strongest trends in oncology is combining monoclonal antibodies with other therapies. Immune
checkpoint inhibitors like pembrolizumab or nivolumab, when combined with chemotherapy or targeted
small molecules have shown remarkable outcomes in cancer such as head and neck cancers, This multi —
pronged approach reflects the reality that cancer is highly adaptable and single agent therapies often fall
short. A major concern in cancer management is the affordability of antibody treatments. While they have
revolutionized therapy in high income countries, their cost often restricts access in low and middle income
nations, including India. The development of biosimilars such as trastuzumab — dttb and rituximab — abbs,
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has begun to bridge this gap. Reports from Indian oncology centers show that biosimilars have made
treatments like trastuzumab more widely available, improving equity in cancer care.
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Graph 4: Data compiled from American cancer society (202), WHO Global cancer obseriatory (2019-
2023), and PMC studies on cancer survival and monoclonal antiboby therapy Graph created by
Author.
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The graph shows that patients receiving monoclonal antibody therapy consistently have higher survival rates
across all regions. High income countries like USA and EU shows the largest advantage due to wider
access, while middle and low income countries such as India and China show smaller gains.

The future of monoclonal antibodies in cancer management is likely to be increasingly personalized.
Antibodies are new being designed to deliver cytotoxic drugs (antibody drug conjugates), activate patients
own immune system or even adapt dynamically using bispecific format’s. Researchers emphasize that the
next decade will see antibodies functioning not as single “magic bullets” but as precision tools integrated
with genomic and artificial intelligence to optimize treatment for each patient.

REAL WORLD DATA

1. COST AND ACCESS IN INDIA:

Monoclonal antibodies (mAbs) have transformed treatment for cancers, autoimmune disease and even
infections. But in India, the story is not just about science, it is about who can actually afford these
therapies. The average cost of a single cycle of trastuzumab (HER2-targeted therapy for breast cancer) in
branded form used to range between 275,000 - 1,20,000. Considering patients often require 12-18 cycles,
the overall cost could easily exceed X10-15 lakhs. For many Indian households this is far beyond reach, as
the average per capita income is only around 1.7 lakhs per year (2022-2023).

The arrival of biosimilar trastuzumab in India around 2014 was a turning point with domestic companies
like Biocon and Dr. Reddy’s launching biosimilars, costs dropped by 320,000- 330,000. This meant that
instead of only a small elite affording treatment, middle class families could at least attempt therapy.

Real world hospital studies confirm this shift. A 2021 analysis from Tata memorial hospital reported that
HER2+ breast cancer patients accessing trastuzumab rose from 8.6% in 2010 to nearly 51% in 2019, mainly
due to biosimilars and government assistance schemes. Similarly, charitable programs and NGOs like the
Maitri initiative and RAN India trust negotiated with pharmacy companies, giving discounted or free doses
to hundreds of women each year.

Yet the struggle remains. Rural patients often face geographical inaccessibility — tertiary cancer centers are
concentrated in urban metros. Even when drugs are cheaper, travel costs, time away from work and lack of
insurance coverage make continuous therapy difficult. Out of pocket expenditure still accounts for nearly
70% of health spending in India, one of the highest in the world. So while biosimilars have opened the
doors, many patients still stand outside the clinic because of systemic in equalities.

2. GLOBAL MARKET DATA:

Globally, monoclonal antibodies are not just medicines; they are economic power houses driving the
biopharmaceutical industry. In 2023, the global monoclonal antibody market was valued at US $235 billion
and it is projected to cross US $600 billion by 2034. This makes mAbs the largest class of biologics
worldwide. The United States is the single biggest market, with monoclonal antibodies contributing nearly
50% of all biologic drug sales. Drugs like keytruda (pembrolizumab) and Humira (adalimumab) have
crossed annual revenues of US $20 billion each, showing how central they are to modern therapeutics.
Europe, while smaller in revenue, plays a big role in biosimilar adoption. Countries like Germany and the
UK enforce price negotiations and automatic substitution policies, meaning biosimilar penetration is faster
and more cost saving than in the US. Asia, on the other hand represents the fastest growing region. India,
South Korea and China are expanding Industrial antibody manufacturing. China alone accounts for 20% of
new clinical trials in monoclonal antibodies, with heavy state investment. India, while smaller in market
size, is emerging as a hub for affordable biosimilars, exporting to Africa and Southeast Asia.

What makes the global market interesting is the contrast: in high income countries, debate is about
innovation vs. cost — sustainability; in middle and low income counties, the debate is about basis access vs.
affordability. Real — world data teaches us that science alone is not enough. A drug may be revolutionary in
the lab, but unless patients in both New York and Nagpur can access it, the promise remains incomplete.
India shows how biosimilars and public — private efforts can change access dramatically, while global
numbers prove that monoclonal antibodies are no longer niche drugs, they are the backbone of modern
medicine.
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REGION / | APRROX. ANNUAL | ACCESS / | NOTES

COUNTRY COST (PER | INSURANCE
PATIENT) COVERAGE

INDIA %6-15 lakh Limited insurance, many | Biosimilars improved access
( generic / biosimilar at | pay out of pocket but rural region still struggle.
%1.5-4 lakh)

UNITED STATES $40,000-$1,50,000+ Private insurance bur | High R&D drives costs strong

copay is high insurance helps middle class

patients.

EUROPE (EU) €30,000-€90,000 National health systems | Access better than India / US
cover the most. due to government

negotiations.
CHINA ¥1,00,000-3,00,000 Expanding insurance & | Domestic production lowered

local biosimilars.

prices in last 5 years.

GLOBAL MARKET
SIZE

$235 billion (2023) —
projected $600+ billion

Cancer mAbs dominate but
autoimmune and diagnostics

(2032) expanding.

This table shows clear gaps in access while high income countries manage costs through insurance patients
in India & other low income regions often struggle to afford treatment. Biosimilars are improving
affordability but global inequality still exists.

CASE STUDY

TRASTUZUMAB IN BREAST CANCER

Breast cancer is one of the most common cancers in the worldwide, and in India it has become the leading
cancer among women. Around 15-20% of breast cancer patients are found to have a tumor type called
HER2+. Which is known to grow faster and spread more aggressively, for a long time, doctors had very
limited options for these patients.

That changed with the introduction of Trastuzumab (Herceptin), a monoclonal antibody that specifically
targets the HER2 receptor. When it was first introduced in the late 1990s, it was described by oncologist as
a “game changer”. One of the senior oncologists at Tata memorial hospital in Mumbai had even remarked
that “for the first time, we were not just giving chemotherapy and hoping, we had a drug that directly went
after the cancer cells”. Studies across the world showed clear benefits. Patients who received Trastuzumab
along with chemotherapy had a much lower risk of their cancer returning. Survival rates improved
significantly and many women were able to live longer, healthier lives. In fact, some large trials showed
nearly a 50% reduction in relapse rates compared to chemotherapy alone. For patients and their families,
this was not just a statistic, it meant more years with loved ones.

However, this breakthrough also brought challenges, in countries like US. The cost of one year of treatment
was more than $70,000 and in India, even after biosimilar versions were launched, the price often ran in to
several lakhs. Many Indian oncologists have openly admitted in interviews that “most of our patients cannot
afford it, even if we want to give it”. Some patients have to stop treatment halfway simply because their
families cannot continue to bear the financial strain.

In high income countries, Trastuzumab quickly became part of the standard protocol for HER2 + breast
cancer and survival rates steady improved. In India, however access has remained uneven. Urban cancer
centers like AIIMS Delhi or Tata memorial do provide the drug under schemes, but rural patients or those
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outside insurance coverage often miss out. A doctor once said, “It is painful when you know a medicine can
save a life, but you cannot offer it because of cost”.

The story of Trastuzumab highlights both the strength and the weakness of monoclonal antibodies. On one
side, they represent cutting edge science and have transformed cancer care. On the other they reveal how
cast of access remain big barriers, especially in developing countries like India. This case shows why
industrial production of biosimilars and government support are so important if these life - saving treatment
are to reach everyone.

CONCLUSION

The journey of monoclonal antibodies reflects how a discovery in basic immunology transformed in to one
of the strongest pillars of modern medicine. From the earliest identification of antibodies as protective
agents, to the hybridoma technology that allowed their precise production, each step represents both
scientific persistence and human persistence. Over time, monoclonal antibodies moved beyond laboratory
research and became powerful therapeutic tools saving lives in cancer, autoimmune disorders and infectious
diseases.

For cancer management in particular their success is striking. Treatments such as Trastuzumab for HER2+
breast cancer have shown that targeted therapies can improve survival while reducing unnecessary toxicity.
This shifts from “one size fits all”. Chemotherapy to more precise biological drugs makes a defining change
in how medicine approaches complex diseases. At the same time, the use of monoclonal antibodies in
autoimmune conditions and diagnostics underlines their versatility and global importance.

Industrial production has allowed these therapies to reach millions, but it has also highlighted challenges of
cost and accessibility, especially in low and middle income countries like India. While global markets
continue to expand rapidly, equitable distribution remains a question that requires urgent attention.
Biosimilars and government initiatives are beginning to address this gap, offering hope that the benefits of
monoclonal antibodies will not remain restricted to a privileged few.

Looking at real world data, one lesson is clear: monoclonal antibodies are not just scientific products, but
social ones too. They are technologies that shape health systems, patient experiences and even national
policies. Progress in science is not only about discovery but also about how innovations are applied, tested
and made available to people everywhere.

In conclusion, monoclonal antibodies represent both the past & future of medicine. The future promises
even more bispecific antibodies, antibody drug conjugates and the foundation built by monoclonal
antibodies will always remain central.
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