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Abstract

Background: Monoclonal antibodies are increasingly being employed in oncology, toxicology, infectious diseases and rheuma-
tology owing to unmatched efficacy and safety; nevertheless, their usage in developing countries is restricted due to high cost to
the exchequer. The newer production line of monoclonal antibodies comes forth with improved efficacy and safety of the current
generation monoclonal antibodies and has led to a meteoric growth in their utility.

Methods: We performed a comparative analysis of consumption pattern of monoclonal antibodies in a sponsored tertiary-care
healthcare system during 2013 - 2017. The humanized anti-IgE monoclonal antibody, omalizumab, was compared with various
groups of drugs used for the treatment of bronchial asthma such as combination of long-acting S-agonists and inhaled corticos-
teroids, short-acting -agonists and anticholinergics, and inhaled corticosteroids and leukotriene receptor antagonists.

Results: The consumption pattern revealed a three-fold increase in the number of monoclonal antibodies during 2016 - 2017 com-
pared to the three-year period from 2013 to 2015. Omalizumab incurred the highest cost burden relative to other medicines used in
bronchial asthma. The comparative analysis of usage pattern of monoclonal antibodies, immunomodulators, anti-HIV drugs and
all insulin preparations demonstrates annually rising cost burden of monoclonal antibodies.

Conclusions: The study showed an increasing trend of healthcare costs and proportionately increasing use of monoclonal anti-
bodies, which add to the quality of care through increased efficacy and safety. We need to accept the fact that quality comes with an
additional cost burden, and costs can be optimized with economy of scale.
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1. Background

Monoclonal antibodies are relatively newer molecules
in the armamentarium of modern healthcare, which have
been used as diagnostic and therapeutic agents for ap-
proximately 30 years (1, 2). In 1986, muromonab CD3, the
first monoclonal antibody was approved for preventing
acute transplant graft rejections, and since then more than
60 monoclonal antibodies have been approved by United
States-Food and Drug Administration (US-FDA). More than
70 monoclonal antibodies are being employed in oncol-
ogy, toxicology, infectious diseases, and rheumatology.
Their astound utility and superiority over conventional

therapeutics has boosted their usage leading to an esti-
mated global market value of more than 75 billion USD,
which is expected to scale up to 120 billion USD in future
years (3).

The idea behind monoclonal antibodies began by Ki-
tasato and Behring, who were successful in curing infec-
tious diseases such as anthrax, diphtheria and tetanus
with serum of recovering infected patients referred to
as ‘Magic bullets’ (4, 5). Immunotherapy was success-
ful and promising although led to serum sickness in pa-
tients. This gave impetus to overcome this limitation and
in 1975, Kohler and Milstein developed a novel technique
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to isolate a single clone of antibodies known as mono-
clonal antibodies against a particular antigen by fusing B-
lymphocytes from the spleen of immunized mice and can-
cerous myeloma cells through hybridoma technique (6-
8). Inherent limitations of mouse models are attributable
to immunogenicity manifesting as hypersensitivity, acute
anaphylaxis and pseudoallergic reaction, which have been
addressed through recombinant technology leading to
development of less immunogenic monoclonal antibod-
ies, such as chimeric, humanized and fully human, com-
pared to the initial chimeric monoclonal antibodies. Low
yield of initial myeloma cell lines and short genetic stabil-
ity through hybridoma techniques have been addressed
through Escherichia coli expression systems, transgenic an-
imals, phage display technique and human hybridoma
technology (1, 5,7,9).

Half-life of polyethylene glycol amalgamation, better
known as PEGylation, has been considerably prolonged by
improved pharmacokinetics, and genetic engineering has
helped to considerably improve its specificity, cost, toxic-
ity and post-effector function (1, 10-13). The newer produc-
tion line of monoclonal antibodies comes forth with im-
proved efficacy and safety of the current generation mon-
oclonal antibodies and has led to a meteoric growth in
their utility (1, 3, 5). Despite clinical superiority of mon-
oclonal antibodies, high cost on the exchequer remains a
serious limitation in their deployment in frontline health-
care, especially in developing countries’ healthcare sys-
tems, which are under resource limitations and financial
austerity. The current ambispective study was undertaken
to study the consumption pattern of monoclonal antibod-
ies in a tertiary-care teaching and research facility under a
sponsored healthcare system in a developing country.

2. Methods

The study assessed the consumption pattern of mon-
oclonal antibodies in a tertiary-care teaching hospital un-
der an institutional sponsorship-based healthcare deliv-
ery model over a five-year period (from 2013 to 2017).
The proportional consumption of monoclonal antibod-
ies was studied for clinical and budgetary analyses utiliz-
ing suitable clinical comparators. The humanized anti-
IgE monoclonal antibody, omalizumab, was compared
with various groups of drugs used for the treatment of
bronchial asthma such as combination of long-acting
[-agonists and inhaled corticosteroids, short-acting -
agonists and anticholinergics, and inhaled corticosteroids
and leukotriene receptor antagonists (14, 15). Cost expan-
sions due to the development of newer drug-delivery mod-
ules such as inhalers, respules, rotacaps and tablets were
included. A comparative analysis was performed in the an-
nual consumption pattern of monoclonal antibodies, im-

munomodulators, anti-HIV drugs and all insulin prepara-
tions from 2013 to 2017.

3. Results

The consumption pattern revealed a three-fold in-
crease in the number of monoclonal antibodies dur-
ing 2016 - 2017 compared to the three-year period
from 2013 to 2015 (Figures 1 and 2). The comparative
analysis of omalizumab with other medicines used
in bronchial asthma such as salmeterol-fluticasone,
salbutamol/levosalbutamol-ipratropium bromide for-
mulations, budesonide formulations and montelukast
revealed that omalizumab incurred the highest cost bur-
den amongst them (Figure 3). The comparative analysis of
usage pattern of monoclonal antibodies, immunomodu-
lators, anti-HIV drugs and all insulin preparations demon-
strated an annually rising cost burden of monoclonal
antibodies (Figure 4).

No of Monoclonal
Antibodies Utilized in the
Hospital

2013 2014 2015 2016 2017
(Till June)

Number of Antibodies Used

Year

Figure 1. Use of monoclonal antibodies

4. Discussion

The current study was undertaken to assess the con-
sumption pattern of monoclonal antibodies as they are
evolving to become standardized therapeutic regimens
and they are one of the fastest growing segments of bio-
pharmaceutical industry (3). As brought out by this study,
the number of monoclonal antibodies used has increased
exponentially since 2015 (Figure 1). This clearly demon-
strates the fact that in recent years monoclonal antibod-
ies are increasingly being employed for the diagnosis and
therapy of various diseases like cancers, autoimmune dis-
orders and infectious diseases. Monoclonal antibodies
have relatively higher FDA approval rates owing to their
efficacy and safety (3). All these factors encourage the de-
velopment of newer monoclonal antibodies in diagnostics
and therapeutics, which furthers the cost-efficacy due to
economy of scale.
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Figure 3. Comparative analysis of omalizumab with other medicines used in bronchial asthma

In order to give a disease-based perspective, we se-  yearsof age and older. We found that monoclonal antibod-
lected asthmaasitisachronicinflammatorydisease of air-  ies were the costliest, although they are increasingly pre-
way affecting around 300 million people worldwide (16).  scribed owing to their efficacy and safety (17).Various stud-
Our study assessed the comparative expenditure of omal- ies demonstrate it to be cost-effective only when targeted
izumab, an anti-IgE monoclonal antibody approved foruse  atresponding patients or by reducing the cost of drug (18,
in moderate to severe persistent asthma in patients at six 19).
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Figure 4. A comparative analysis of usage patterns of monoclonal antibodies, immunomodulators, anti-HIV drugs and all insulin preparations

An immunomodulator may be defined as a substance,
biological or synthetic, that can stimulate, suppress or
modulate any of the components of the immune system
including both innate and adaptive arms of the immune
response (20). Various immunomodulators are used in
various aspects of therapeutics. National Aids Control Or-
ganization report in 2015 suggests that India has an esti-
mated 2.1 million people living with HIV and contains the
third largest epidemic in the world. Hence, anti-HIV drugs
would amount to a substantial burden on healthcare. Sim-
ilarly, diabetes being a major healthcare problem world-
wide has led to massive drain on healthcare budgets due
to high cost of insulin and newer antidiabetic medicines.
India, with an estimated 65 million diabetics, constitutes
one-fifth of all diabetic patients in the world and has been
termed as the “diabetic capital” (21).

Various monoclonal antibodies targeting a variety of
diseases are being tested in advanced stages of clinical tri-
als. The future of monoclonal antibodies appears promis-
ing as approximately four new products are getting ap-
proved every year wherein the results of the study can be
extrapolated. The list is expected to grow larger covering
a whole range of diseases leading to expansion in world-
wide consumption touching nearly 125 billion US dollars
by 2020 (3). The arrival of biosimilars is likely to cover the
gaps between expiry of patents of monoclonal antibodies.

Modern healthcare necessitates the use of therapeutic
diets, dietary supplements and components in order to de-
liver holistic healthcare to the community, leading to con-
siderable additional cost burden. Therapeutic diets are an
essential component of critical, cardiac, oncology, diabetic

and renal care and hence cannot be excluded from the um-
brella of therapeutics. Nevertheless, both therapeutic di-
etsand monoclonal antibodies increase costburden on the
exchequer as they are used frequently and for long dura-
tions.

Monoclonal antibodies are increasingly being em-
ployed in infectious diseases’ diagnostics and therapeu-
tics. Enzyme immunoassays and enzyme-linked im-
munospot tests (ELISPOT) employ monoclonal antibod-
ies for increased specificity. High-risk bacterial and vi-
ral pathogens can be combated by monoclonal antibod-
ies. Anthrax, categorized as category-A agent of bioterror-
ism, has been employed during 1979 and 2001 for offen-
sive attacks. Newer monoclonal antibodies such as obil-
toxaximab for inhalational anthrax and raxibacumab for
the treatment and prevention of anthrax have been ap-
proved for use. Bezlotoxumab has been approved for re-
current Clostridium difficile infections. Rafivirumab and
foravirumab are useful in viral infections such as rabies.
Monoclonal antibodies can be promising in emerging and
opportunistic infections without a specific antimicrobial
therapy or can be suitable in cases with contraindications
for drug-therapy. They can also form a highly potent
and specific passive immunity that can be safely admin-
istered in specific patient populations such as immuno-
compromised patients, transplant recipients and patients
on onco-radiation therapy who have lost the inherent
ability to generate adequate immune response towards
pathogens (22, 23). Emerging opportunistic pathogens
without having a specific treatment may also be targeted
through monoclonal antibodies (24). With the scourge of
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antimicrobial resistance looming large, monoclonal anti-
bodies form a useful research opportunity towards suc-
cessful therapy in the absence of conceivable solutions to
combat antimicrobial resistance (25-28).

4.1. Conclusion

The study sheds light on an increasing trend of health-
care costs and proportionately increasing use of mono-
clonal antibodies, which add to quality care through in-
creased efficacy and safety. A comparative analysis in con-
sumption pattern of monoclonal antibodies in a spon-
sored tertiary-care healthcare system revealed a three-fold
increase in usage during 2016 - 2017. We need to accept the
fact that quality comes with an additional cost burden, and
costs can be optimized with economy of scale.
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