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From the Editor's Desk . . . . £0

Dear Readers,

With a great a Jﬂ[easure we present to you the third issue gf this year. In the
coming year we are working towards esca[ating this academic activity to a

new height.

In this issue we have incm:pomtecf review articles on adverse gffect due to
monoclonal antibodies and biosimilars. 1 ﬁqpe both these articfesyrovide the

readers an interesting academic ir_tformation.

The case report on zidovudine induced cardiomyopathy discusses in details the
risk factors, treatment and _preventive strategies for the ADR. We also have a
short update on newly approved monoclonal antibodies and safety alerts
generated worldwide for these drugs.

Fina[[y, I would like to thank all the clinical c[goartmentsfrom our institute
for their valued contribution to Pﬁarmucovigi[ance and to the autﬁorsfor
contriﬁuting.

With immense_privfe andyrivi[ege, I would also like to thank all the members
of the Department of Pharmacology for their efforts in bringing out the current
issue of this publication.

Thank you,

Dr. Sudhir Pawar
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ADVERSE DRUG REACTIONSASSOCIATEDWITH MONOCLONALANTIBODIES

Dr. Dhananjay K okate
Soeciality Medical Officer
Department of Pharmacology, LTMMC & GH, Son, Mumbai

Abstract

Recently, due to advancements in the research regarding monoclonal antibodies and transition from
mouse to fully humanised monoclonal antibodies have transformed the medical care and have provided
a safer and targeted treatment modality to tackle some of the toughest disorders known to mankind.
However, experience with TeGenero showed the possibility of catastrophic outcomes and need for
radical changesin methods of how monoclonal antibodies are assessed for safety and selection of first
in human dose. Thisreview discusses the safety aspect of various commonly used monoclonal antibodies
under the heading's immune reactions, infections, autoimmune disorders, cancers etc. and how our
experience with monoclonal antibodies till now have shaped the regulations.

Keywords:

Biological agents, Immunogenicity, Safety, Therapeutic antibodies.

I ntroduction

Kohler and Milstein published their semina manuscript on hybridomatechnology in 1975, enabling mouse
monoclonal antibodiesto begenerated. [1,2] Sincethen, technologica advanceshaveenabled thetrangtion
from mouseto fully human monoclona antibodiesthrough chimeric and humanized components, reducing
the potentia for immunogenic componentsof themouse. [3,4] Initidly, the perception towards monoclona
antibodieswasthat - in comparison to small moleculedrugs- they could exert their pharmacol ogic effect
with only minor safety concerns, an advantage particularly in oncology. Oneargument wasthe structural
smilarity to naturally occurringimmunoglobulins. [5] However, experiencewith TGN1412 hasclearly
shown that even life-threatening adverse effects can very well be associ ated with monoclonal antibodies.
ThisReview discussesarange of adverse effectsencountered with monoclona antibody therapy, some of
which havebeenfatal.

| mmuner eactions

Despite containing €l ementsthat may berecognized asforeign by the recipient, monoclona antibodiesare
generaly well tolerated in humans and can therefore induce activation of immune and innate reactions.
Acutereactionsfollowing infusion of monocdond antibodiescan be caused by variousmechanisms, including
acute anaphylactic [ gE-mediated] and anaphylactoid reactions against the monoclonal antibody, serum
sickness, tumour lysissyndrome[ TLS] and cytokinerelease syndrome[CRS]. Theclinical manifestation
canrangefromlocal skinreactionsat theinjection site, pyrexiaand aninfluenza:like syndrome, to acute
anaphylaxisand systemic inflammatory response syndrome, which could befatal. Infusion reactions
commonly occur after initial dosing, but these can be managed by recognition of risk factors, appropriate
monitoring and prompt intervention. First-doseinfusion reactionsto some monoclona antibodiesmay
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combine TLS, CRSand systemicinflammatory responsesyndromefor examplerituximabwhichisachimeric
CD20-specific monoclonal antibody. Theseinitial reactions can be minimized by ensuring appropriate
hydration and diuress, premedi cation and cautiousincrementa increasesin therate of infusion. [6,7]

Acuteanaphylactic and angphylactoid reactionsare commonly described for certain monoclona antibodies
such asthechimeric epidermal growth factor receptor [EGFR]-specific monoclona antibody Cetuximab,
which has been attributed to the devel opment of I1gE antibodies against galactose-?-1,3- galactose.
Omalizumab whichisdirected against human IgE and isused inthetreatment of severedlergic asthma, but
it has been found to cause anaphylaxisin approximately 0.1-0.2% of patientsthisincludes caseswith
delayed onset of symptoms. [8,9] The mechanismsunderlying these acutereactionswith Omaizumab are
still poorly understood.

Theimmunogenicity of theforeign protein, resulting in adverseeffectsand loss of effectiveness, isasignificant
restrictionin mouse monoclond antibody therapy. Muromonab-CD3[a so referred to as Orthoclone oK T3]
isahuman CD3 mouse monoclonal antibody that has been used to suppressre ection of rend alograft, but
caninduce CRS. An acute and often extreme influenza-like syndrome may al so be caused, which may be
partly duetointeractionswith human anti-mouse antibodies. [ 10,11]

It has been noted that immunogeni city of amonoclonal antibody isnot s mply amatter of the percentage
homol ogy with human antibody, asaterationsin particular amino acidsat certain positionscan asoinfluence
immunogenicity. Natalizumab whichisahumanized monoclona antibody against the adheson molecule 24
integrin, which, when used asaT-cdl| directed therapy for multiple scleros's, causes severehypersensitivity
reactionsinupto 1% of subjects. It can also cause mild-to-moderateinfusion reactionssuch asurticariaor
rashin about 4% of patients. Thesereactionsgeneraly, occur inthefirst 2 hoursafter infuson and aremore
common after the second or third infusion but usually less severe. Immunogenicity to Natalizumab, with
persistent neutralizing antibodies, isassociated with both reduced efficacy and infusion reactionsin patients
withmultiplesclerosis. [12,13]

Serum sicknessiswell described in case of antiserahowever, monoclona antibody therapy cana so cause
both anaphylaxisand serum sickness; thishasbeen particul arly noted for chimeric monoclona antibodies.
Therearenow methodsto minimizetheimmunogenicity of monocdond antibodies, aswel| asfor theassessment
of their immunogenicity, with TNF-specific monoclonal antibodiesbeing an areaof particular focus. The
European MedicinesAgency [EMA] hasissued guidelinesfor the assessment of immunogenicity of biologics.
[14,15] Tumour lysissyndromeisapotentialy life-threatening complication that can occur early with
monoclona antibody therapy for neoplastic conditions, dthough thislysisisrelated to the desired effect of
theagent. The condition has been noted with Rituximab for chronic lymphocytic leukaemiaand different
lymphomas. Although guidelines have been issued for the management of paediatric and adult TLS, these
haveattracted criticism for not being sufficiently evidence-based and theinitia focusshould beon preventing
TLS.[16]
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I nfections

I nfectiousdiseasesareawd |-described sideeffect of certain monoclona antibodies, andthey areareflection
of anacquiredimmunodeficiency, generdly duetoremova of thetarget ligand for that monoclona antibody.
Indeed, particular types of infectionsillustrate the protective function of thetarget ligand inthenormal
immunesystemn, and provideinsightsinto thefunction of thismoleculeto combat particular pathogens.

Reactivation of tuberculosis:

Therapy directed against the pro-inflammeatory cytokine TNF? has contributed greatly to the management
of severerheumatoid arthritis and other arthritides. However, the tendency for reactivation of latent
tuberculosisisaseriousand limiting side effect. Inameta-analysis, TNF-specific monoclonal antibody
therapy has been associated with anincreased risk of seriousinfectionsand malignancies. [17]

Progressive multifocal leukoencephal opathy:

Progressive multifocal |eukoencepha opathy [PML] isan often letha, rapidly progressive demyelinating
disease commonly caused by reactivation of alatent central nervous system infection with the John
Cunningham polyomavirus[JCV]. Most hedlthy peopleare seropositivefor JCV and itsreactivation can
occur after immunosuppress on. Reactivation has al so been reported after using Natalizumab to combat T-
cedll trafficking and adhesionin multiple sclerosis. [ 18] In November 2004, Natalizumab was approved by
the US Food and Drug Administration for thetreatment of rel gpsing-remitting multiplesclerosis, but it was
suspended in February 2005 on the discovery of three cases of PML: two casesin patientswith multiple
sclerosisand onein apatient with Crohn'sdisease. Natalizumab wasreintroduced in July 2006 as second-
line monotherapy for multiple sclerosiswith specific warningsand precautions, including the TOUCH
prescribing programto minimizerisk of PML. [19,20] Guiddinesfor patient salection and monitoring have
been proposed to minimizetherisk of PML, including clinical assessment, magnetic resonanceimaging of
the brain and cerebrospinal fluid analysisfor JCV-DNA. [21] Recently, 57 cases of PML have been
described after Rituximab therapy. Sofar, the humanized CD11a specific monoclona antibody Efalizumab
has been associated with 4 confirmed cases of PML when used to treat patients with chronic plaque
psoriasishence, suspens on of marketing authorization has been recommended by the EMA, and therehas
been aphased voluntary withdrawal of EfalizumabintheUS. [22,23]

Platelet and thrombotic disorders

Anacute, severe, salf-limiting thrombocytopaeniacan be caused by Infliximab [ TNF2-specific], Efdizumab
[CD11aspecific] and Rituximab [ CD20-specific]. Abciximabisan antiplatel et glycoprotein1b/111a, chimeric
Fab antibody fragment that has been extensively used to treat percutaneous coronary interventions, asit
blocksinteractions between platel etsand fibrinogen. Acute thrombocytopaeniadevel opsafter firstinfuson
of Abciximab inabout 1% of patients. Acutethrombocytopaeniaoccursin morethan 10% of patientsafter
asecond infusion. Thrombocytopaeniacan a so bedelayed by 7 days, and be caused by antibodiesagainst
murine epitopesand abciximab-coated platel ets. [24,25] Alemtuzumab wasoriginally used for graft versus-
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host disease following bone-marrow transplantation has a so been used in the treatment of chronic
lymphocyticleukaemiaand during rend transplantation. Morerecently, Alemtuzumab hasbeen successfully
used for autoimmune diseases, especialy multiple sclerosis. [26] 1t hasbeen shown to cause severemulti-
lineage haematopoietic toxicity involving lymphopenia, neutropeniaand thrombocytopenia. [27] Bevacizumab
whichisahumanized monoclonal antibody against vascular endothelial growth factor [VEGF] that has
been associated with arteria thromboembolic events. [ 28] Also ameta-analysisstudy showed that it increased
theincidence of venousthromboembolism. [29]

Autoimmunediseases

Monoclona Antibodies have the potential to cause various autoimmune conditions through their
immunomodulatory actions, including immunosuppression, someof which arelisted below.

Lupus-like syndromes and drug-related lupus:

The use of TNF-specific monoclonal antibodiesfor rheumatic diseases hasbeen linked to the production
of double-stranded DNA antibodiesand antibodies, aswell aslupus-like syndromes. The devel opment of
muscul oskeletal symptomsand lupus-like syndromesisrare and sometimes subs deswith the cessation of
therapy. Cutaneousor systemic vasculitis, nephritis, and demyelinating syndromes are some of the other
autoimmune complications. [30]

Thyroid disease:

Inaninitial study of 27 patientswith multiple sclerosisreceiving Alemtuzumab, 9 patients devel oped
autoanti bodiesto the thyrotropin receptor and an autoimmune hyperthyroidism. [31]

Autoimmune colitis:

CTLA4-specificmonoclond antibodieslike pilimumab and Tremelimumab have been found to be associated
with development of enterocalitis. [32]

Cancer

Some monoclonal antibodies can contribute to tumour progression in a similar way to other
immunosuppressive agents, instead of excessiveacuteremoval of maignant cells. Association of following
monoclonal antibodieswith increased risk of malignancy remainscontroversia. However, following are
some of the exampl es of the probable associations. [33,34,35]

» Solid cancersin patientswith rheumatoid arthritistreated with TNF-gpecific monoclonal antibodies
* Lymphomasin patientsof Inflammatory bowel diseasetreated with Infliximab

» Theoretical concernsover potentia tumorigenicity and use of interleukin-12/23 specific monoclonal

antibody
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Dermatitis

The EGFR-specific monocl ond antibodies Cetuximab and Panitumumab areeffectivetherapiesfor refractory
metastatic colorectal cancer. These monoclonal antibodiescommonly cause askin rash on theface and
upper torso, athough dermatitis can present asdry skin, pruritusand erythema. Therashisgenerally mild
to moderate, and usualy occursin thefirst two weeksof therapy. Thedermatitisisthought to be part of the
pharmacodynamic action of thisagent, asEGFR isatransmembraneglycoproteinthat iswidely expressed
on epithelial cells, and thereisacorrel ation between presence of therash and apositive drug response.
[36] Prophylactic oral minocycline has shown someefficacy in decreasing the severity of skinreactionsin
thefirst month of Cetuximab therapy. [37]

Cardiotoxicity

Trastuzumab isahumanized monoclona antibody directed against human ERBB2 [also knownasHER2/
neu] and hasbeen used successfully inwomen with ERBB2-positive metadtetic breast cancer. Cardiotoxicity
of Trastuzumab isan on-target consequence dueto blocking al downstream ERBB2 signdling and inducing
MoMp, rel ease of cytochrome c and activation of caspase, resulting in cardiac muscle cell apoptosiswith
reduced contractility and ventricular function. Trastuzumab also inhibitsthe action of neuregulin-1[NRG1]
by multiple pathwaysin cardiac myocytes. Trastuzumab induced cardiac dysfunctionisan asymptomatic
reductionintheleft ventricular g ection fraction that appearsto bereversible. However, thisreactswell to
normal medica management, if heart failureoccurs. [38,39]

Cytokinestorm

Variousmonoclonal antibodiestrigger therelease of arange of cytokines, causing acytokine stormor
CRS. CRSisaprominent feature in the context of therapy with CD3- specific Muromonab, CD52-
specificAlemtuzumab and CD20-specific Rituximab. [40] Another popular exampleincludesthat of 2006,
when the fully humanized monoclonal antibody TGN1412 - aCD28 super agonist [CD28SA] wasfirst
givento six healthy malevolunteers, it triggered an immedi ate and severe cytokine storm characterized by
prolonged cardiovascular shock and acuterespiratory distresssyndrome. Theimportance of considering
the minimum expected biological impact level [MABEL ] indetermining theinitial dose of abiologicto be
used in humanswas highlighted by expert groups after thisincident, i.e., on the basis of thelowest dose
foundto beeffectiveinany invitro potency assay. [41]

Regulations

Asanimmediate responseto the TGN 1412 disaster, the EMA issued aguidelinetoidentify and decrease
risk with new medicina productsbeing sudiedinfirg-in-human clinical trials. Inaddition, detalled regulatory
guidanceisavailableon preclinica safety evaluation of pharmaceuticalsand biologics. [42,43,44] Andin
combinationtoinvivo andinvitro models, one approach that needsgreater considerationisuseof micro
dosing studies, with careful pharmacokinetic and pharmacodynamic eva uationin preliminary human studies.
[45,46]
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Concluson

From the future perspective we need to recognize which types of risksapply to aparticular monoclonal
antibody and take stepsto identify and minimize potentia adverse effects. Through sound preclinical and
clinicd practice, infus on reactions can beminimized, whereas predi sposition to infection can be minimized
by proper monitoring and trestment selection. Preclinicaly, thekey needisto establish and validate adequate
invitro biologics safety testsfor human blood and tissues and to provide predictive CRStestsfor human
administration. Thereisaneed for collaboration between scientistsand physicians, pharmaceutical and
bi otechnol ogy organi zations, and individua sinvolved inthe conduct and control of clinical studiestoensure
thesafety of participantsinclinica trids. Together, these stepswould help toimprovethe safety of monoclona
antibodies, whichisvitd for their expanded usein thetreatment of human conditions.
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Abstract

Asbiologic medicines|ose patent protection, there are continuous efforts for developing similar versions
of these costly and complex treatment with an aimof providing more affor dabl e treatment with affordable
products. That is why products known as biosimilars, are now approved worldwide and several more
are expected to be introduced in the near future. This ensures that there are no clinically meaningful
differences compared with respective biologics, with regard to purity, safety and efficacy. A number of
biosimilars have currently been approved in oncology and other diseases and also the number is
expected to rise in the near future. This review aims to provide an overview of the biosimilars used in
present and their main benefits, how are they different from original biologic, how they are approved
and their current roles.

Keynotes:

Biologics, Oncologic Biosimilars, Filgrastim, Reference Product.

I ntroduction

In recent years, biologics haveincreasingly been used for thetreatment and palliative care of various
diseases, including, but not limited to, cancer, autoimmune diseases, cardiovascular diseasesand metabolic
disorders. Biologicsaremadeor derived fromabiologica sourceand aretypicaly largecomplex recombinant
proteins, encompassing hormones, small proteins, vaccines, fusion proteinsand monoclona antibodies. [1]

Biologicsaccount for half of the pharmacol ogical market in oncology; however, their main drawback is
their high cost. As patents of these biol ogics began to expire, biosimilarswere devel oped in order to
addressthe existing needs and facilitate accessto novel treatmentsfor all patients. Ascompared with
biologics, biosimilarsare generally cheaper and more affordabl e; therefore, they have the potential to
significantly reduce hedthcare costs. [ 2]

Thedevelopment of biosimilarsisan attempt to reducetrestment costs. Biosimilarsmust be nearly identical
totheir reference biologicsintermsof efficacy, sdeeffect risk profile, andimmunogenicity.[ 3]

The United States Food and Drug Administration (FDA) definesabiosimilar as" A biological product that
ishighly similar to and hasno clinically meaningful differencesfroman existing FDA-approved reference
product.” [3]

What isdiffer ence between Biosimilarsand Genericdrugs?

Biosmilarsand generic drugsareversionsof brand namedrugsand may offer more affordabl e treatment
optionsto patients. Biosimilars and genericsare each approved through different abbreviated pathways
that avoid duplicating costly clinicd trias.
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For example, the activeingredients of generic drugsarethe sameasthose of brand namedrugs. In addition,
themanufacturer of ageneric drug must demonstratethat the genericisbioequivalent to the brand name

drug.

By contragt, biosmilar manufacturersmust demonstratethat the biosimilar ishighly smilar tothereference
product, except for minor differencesin clinically inactive components. Biosimilar manufacturersmust also
demonstratethat there are no clinically meaningful differences between the biosimilar and thereference
product intermsof safety and effectiveness. [4,5]

How areBiosimilar sapproved?

All FDA-approved biological products, including reference products and biosimilar products, undergo a
rigorous eval uation so that patients can be assured of the efficacy, safety, and quality of these products. [4]

A reference product isthe singlebiological product, aready approved by FDA, against which aproposed
biosimilar product iscompared. A reference product isapproved in a" standalone" application that must
containal dataand information necessary to demondtrateits safety and effectiveness. Thiswill dsoinclude
clinical tridsfor the diseaseindicationsbeing sought by the manufacturer.

A biosmilarishighly similar to, and hasno clinically meaningful differencesin safety, purity, and potency
(safety and effectiveness) from, an existing FDA-approved reference product.

Themanufacturer of aproposed biosimilar product generatesan array of datacomparing the proposed
product to the FDA-approved reference product in order to demonstrate biosimilarity. The comparative
dataare generated and eval uated in astepwise fashion that beginswith afoundation of detailed anaytical
(structura and functiona) characterization and comparison of the products, moving onto animal studiesif
necessary and then to comparativeclinica studies. [6]

Oncemanufacturer that showsif itsproposed biosimilar product ishighly similar toand hasnoclinically
meaningful differencefromthe FDA-approved reference product.

Biosmilar manufacturersdo not need to conduct as many expensiveand lengthy clinical trids, potentialy
leading to faster accessto these products, additional therapeutic options, and reduced costsfor patients.[6]

A biosimilar product application must include datademonstrating biosimilarity to the reference product.
Thisusualy includesdatafrom

* Analytica studiesdemongtrating that thebiologica product ishighly smilar to thereference product,
notwithstanding minor differencesinclinicaly inactive components,

e Anima gtudies, including an assessment of toxicity; and

* Adlinicd sudy or studiessufficient to demonstrate safety, purity, and potency of the proposed biosimilar
product in one or more of theindicationsfor which thereference product islicensed. Thistypically
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includesassess ng immunogenicity, pharmacokinetics (PK), and, in some cases, pharmacodynamics
(PD) and may alsoincludeacomparativeclinica study [6,7]

How areBiosimilarsaredeveloped?

Thedevelopment of biologicsinvolvesmultipleleve sof intricate, highly controlled manufacturing processes,
combinedwith preclinica structurd, functional, and biol ogica assessments, aswell asclinical efficacy and
safety, includingimmunogenicity, analyses|[8].

Inaddition, to ensureahigh degree of amilarity, abiosmilar must undergo acomparability exerciseat every
step of itsdevel opment, asoutlined by regulatory agencies, to demonstrate that potential differencesfrom
thereference product are not clinically meaningful with regard to quality, safety, and efficacy (European
MedicinesAgency [EMAY]) or safety, purity, and potency (US Food and Drug Administration [FDA]).

At thefoundation of thebiosimilar devel opment processlaysthe establishment of ahigh degreeof structura
amilarity withitsreference product. State-of-the-art technol ogiesmust be empl oyed to demonstrate ahigh
degreeof structural and functiona smilarity.

Finaly, clinica pharmacokinetic and pharmacodynamic aswell asclinica efficacy and safety smilarity must
be confirmed between biosimilar and originator. Regulators, including the FDA and the EM A consider the
totdity of theevidencefromthiscomprehens ve step-wise comparative similarity exerciseinitsdetermination
of biosmilarity for licensng.[12]

Theworld upsdedown
Biosmilarsfollow astep-wise development

o0 Quality comparability isessential and involves comprehensive characterisation and comparison of
physicochemical and biological properties; the degree of similarity demonstrated at thislevel might
determinetheamount of additional evidencethat needsto be generated at later stages.

0 Predinicd (functiond) comparability
Offersreassurance on similar effectsand involvesfunctiona in vitro assaysto defineand comparethe
modeof action:-

* |nvitrostudies

Areawaysrequired and normally cover most functional aspects. It isessential to determinethe
leve of concern depending on quantitative/ quaitative differencesin critical quality attributes.

* InvivoPK (pharmacokinetics)/PD (phar macodynamics) and/or safety studies
May be necessary in caseof e.g., anew expression system
o Clinical compar ability

Involvestesting in asengtive popul ation and dose at asensitivetime point using an gppropriate statistical
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model and testing approach; usually thedetailsfor phaselll conduct are agreed upfront with the health
authority of theregionintended for registration.[9]

C
( 1)

Animal Studies & PK/PO bt
Functional
Functional Characterisation
¥ L=
Innovator Drug Product Biosimilar Drug Product

How AreBiosimilarsNamed?

Unlike generic medication, which can have the same chemica name asthe brand name, biosimilars must
include4 lowercase | ettersafter the name of the medication. For example, thebiosimilar for thereference
product filgrastimiscalled filgrastim-sndz. The biosimilar and the reference medi cation dwayshavethe
same active ingredient. The addition of the 4 lowercase | etters|ets you know that the medicationisa
biogmilar.[4]

Challengesassociated with thedevelopment of biosimilars

That is, biosimilar developers must not only demonstrate, through the use of the most rel evant state of - the-
art methodsthat their products maintain cons stent quality manufacturing, but dso aresufficiently smilar to
thereference product [ 8]. Becausethese companiesmust reverse engineer the product to devel op aprocess
that can produceahighly-smilar product, thebiosimilar will not havetheexact characteristicsof thereference
product. Thesevariationsmay affect glycosylation and other post-trand ational modifications, heterogeneity
parameterssuch as C-terminal lysine, orproduct-rel ated substancesand impurities.[11]

Arebiosimilarsapproved for all thesameindicationsasthereferenceproduct?

Biosimilar productsmay be approved for all or asubset of the sameindicationsasthereference product.
Biosmilarsmay havefewer indicationsthan thereference product if, for exampl e, areference product has
unexpired exclusivity for anindication that prevents other manufacturersfrom obtaining approval for that
particular indication. Health care prescribers should review the specific product labeling (prescribing
information) and approved indi cationsto determine the most appropriate product for their patient.[5]

ASCO hasdevel oped thisstatement to offer guidanceinthefollowing aress:
(@) Naming, Labelling, And Other Regul atory Considerations,
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2 Safety and Efficacy of Biosmilars,

3 I nterchangeability, Switching, And Substitution,

4 Vaueof Biosmilars And

5) Prescriber and Patient Education.

o Naming, Labelling, And Other Regulatory Considerations,

Thenaming and labelling of biosimilars, considered together, will help to ensure that oncologists,
pharmacists, and other providershave all the necessary information to ensure they are using their
chosen therapy asintended.

o Safety and Efficacy of Biosimilars

Sustained post market evidence devel opment isnecessary to enhance patient and provider confidence
inbiosgmilarsand to supplement the evidence supporting the safeand effective use of biosmilar products.

0 Interchangeability, Swvitching, And Substitution,

Theinterchangeability of aproduct isdetermined at thefederal level after FDA review; however,
subgtitutionwill beregulated at thestateleve . Asindividua stateswork to regulatetheuseof biosmilars,
inaccordancewith the FDA designation, oncol ogistsand patients must be aware of theregulations,
authorities, and responsibilitiesthat may affect their treatment choices.

o0 Valueof Biosimilars,

Oncol ogistsrecognizetheeffect of cost and reimbursement in making trestment decisions. Biosmilars
providean opportunity to both obtain desired outcomes and managethe cost of carefor patientswith
cancer. Coverage and reimbursement policiesvary by payer, patient, and setting.

0 Prescriber and Patient Education.

Oncol ogistsrecognizetheeffect of cost and reimbursement in making trestment decisions. Biosmilars
providean opportunity to both obtain desired outcomes and managethe cost of carefor patientswith
cancer. Coverageand reimbursement policiesvary by payer, patient, and setting Oncol ogistsrecognize
theeffect of cost and reimbursement in making trestment decisions. Biosimilarsprovide an opportunity
to both obtain desired outcomes and manage the cost of carefor patientswith cancer. Coverage and
reimbursement policiesvary by payer, patient, and setting. [ 10]

Wher ecan you find mor einfor mation about biosimilar products?

FDA's"Listsof Licensed Biological Productswith Reference Product Exclusivity and Biosimilarity or
Interchangesbility Evauations," known asthe" PurpleBook," isan onlineresourcefor hedth careprofessonds
and patientstol ocateinformation about gpproved biologica products. The Purple Book providesinformation
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Approved Biosimilarsin conditions:[3]

about whether abiological product isareference product, biosmilar, or interchangeabl e product. [4,13]

Condition

Referencebiologic

Approved Biosmilar

Crohn'sdisease

Infliximab (anti-TNF?)
Adaimumab (anti-TNF?)

Remsma, Inflectra, Renflexis, Flixabi
Amjevita, Cyltezo

Ulcerativecoalitis

Infliximab (anti-TNF?)

Remsma, Inflectra, Renflexis, Hixabi

Adaimumab (anti-TNF?) Amjevita, Cyltezo
Colorectd cancer Bevacizumab (anti-VEGF) Mves
Gastric cancer Trastuzumab (anti-HER2/neu) Ogivri

Approved Biosimilarsin

oncology:

Referencebiologic

Activesubstance

Approved Biosmilar

Eprex/Erypo Epostin-apha Binocrit

Neupogen Flgragtim Retiograstim, Tevagrastim,Biograstim
MabThera Rituximab Truxima, Riximyo, Rixathon
Neulasta Pegfilgrasim Pelgraz,Udenyca, FulphilaPemeg
Conclusion

Biologicsarewiddy used therapeutic agentsin thetrestment and palli ative care of cancer. However, dueto
their high cogt, crisesin healthcare spending worl dwide and the expiration of biologicspatents, biosmilars
have cometo themarket.Biosimilarsaremoreaffordabledrugs, but withasimilar safety andtoxicity profile
and no clinically meaningful differencescompared with their referencebiologics. Therefore, biosmilars
enableareduction in healthcare costsand increase a patients accessto novel trestment optionsregulation
frameworksand close post?marketing survelllance of licensed biosmilarsarerequired to ensurethat these
new drugsaresafe and effectivein thereal-world setting.

Asmorebiosmilarsbecomeavailable, the need toimprove awarenessand understanding of thesethergpeutic
dternativesamong cliniciansand caregiverswill continuetoincrease. Their adoptioninclinica practicewill,
however, require an increased understanding of what they are, how they are developed, how they are
approved and how they can be used in practice. Education regarding their safe use a so becomesimportant
and will beakey factor in assuring safe, cost-effectivetreatmentsfor our patients.
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Abstract

Zidovudine also known as Azidothymidine(AZT) is an anti-retroviral used to prevent and treat HIV/
AIDS. It can cause adver se effects ranging from fatigue, malaise, myalgia, nausea, anorexia, headache,
insomnia to serious adverse effects like haematological effects, hepatotoxicity, cardiomyopathy, and
myopathy. A case of HIVina 14 year old femal e treated with ZLE (Zidovudine + Lamivudine + Efavirenz)
regimen who devel oped dilated cardiomyopathy isreported here. According to the WHO UMC causality
assessment scale, the association of dilated cardiomyopathy is a possible adverse drug reaction due to

zidovudine.

I ntroduction

Zidovudine (3-azido-3 -deoxythymidine), dso referred to asazidothymidine (AZT), isanucleoside reverse
transcriptaseinhibitor. It hasapotent activity against abroad spectrum of retroviruses, including HIV-1,
HIV-2,and HTLVsl and |1. Zidovudineis FDA-approved for the treatment of adultsand children with
HIV infection and for preventing mother-to-child transmission; it al so was previously recommended for
postexposure prophylaxisin HIV-exposed healthcareworkers.[1] AZT hasa so been used in thetreatment
of cancer.[2]

Being asynthetic thymidineana ogue compound, AZT undergoesintracd | ular triphogphorylaion andinhibits
vira replication by incorporating into thevira DNA strand, thusimpeding thevira RNA-dependant DNA
polymerase, a so known asreversetranscriptase. Hence AZT hasbeen used inthetreatment of AIDS as
anintegral component of highly active antiretrovira therapy. Most malignant cancersexpresstelomerase,
which hasreversetranscriptase activity, and aretherefore proneto theinhibitory effectsof AZT. Hence
AZT hashbeen used in thetreatment of cancer aswell.[2]

Clinical effectivenessof AZT isconstrained dueto itsassoci ation with increased adverse effectsduring
chronic therapy at high doses. Included among the common adverse effects are haematol ogical effects,
such asanaemiaand neutropenia, hepatotoxicity, cardiomyopathy, and myopathy.[ 3] Myopathy isassociated
with depletion of mitochondrial DNA, most likely asaconsequenceof inhibition of DNA polymerase-?by
Zidovudine-triphosphate[ 1] . Althoughitisknown that myopathy ispresent inadvanced HIV, it isimportant
to acknowledge the associ ation of myopathy with AZT therapy, including reports of the association at a
rate around 17%.[ 3] Marked improvement or resolve of symptomsare noted in range of 18-100% of
patientsof Myopathy withAZT therapy when the medication wasdiscontinued.[4]

Herewe present acase of Zidovudineinduced dilated Cardiomyopathy inal14yr old femalewhowasa
known caseof HIV.
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CaseHistory

A 14 year old female who was a known case of HIV was brought to our hospital with Grade-I11
breathl essness, puffiness of face and oedema of both thelegs. 3 years ago shewasdiagnosed asHIV
seropositive and shewas started on ZLE (Zidovudine + Lamivudine + Efavirenz) regimen. 6months ago.
| soniazid was added to ZL E regimen for prophylaxisagainst TB. After taking these medicationsfor 2
months, she started having few episodes of vomiting and breathl essness; shewastreated on symptomatic
basisat PHC level. Over next 4 months, she had multi ple episodes of vomiting and breathl essness, and she
devel oped puffiness of face and oedemain both the legs. With above mentioned complaints, shewas
brought to our hospital. Shewasadmitted. Chest X-ray showed enlarged heart, pulmonary oedema, and
interstitial markings. ECG showed sinustachycardiaand nonspecific ST-T changes. An echocardiogram
showed | eft ventricular enlargement, diffuseleft ventricular hypokinesiaand a 15%-20% | eft ventricular
g ection fraction. Shewasdiagnosed as case of Dilated Cardiomyopathy.

Tab Zidovudinewasimmediately stopped. After 3days, shewasstarted on TLE (Tenofovir + Lamivudine
+ Efavirenz) regimen. After oneweek, the swelling over her faceand legs started to subside.

Asper the WHO seriousness criteria, thereaction was seriousasit was the reason for hospital admission.
The causality of thisreaction as per the WHO UM C causality assessment scalewas " Possible" asde-
challengewas positive, re-challenge with Zidovudinewas not done and Dilated Cardiomyopathy could
have been caused by the disease itself i,e, HIV. According to the Modified Schumock & Thornton
Preventability Scale, the occurrence of thisreaction wasnot preventable. According to the M odified Hartwig
& Siegel severity assessment scale, severity of thisreaction was moderate asthisreaction wasthereason
foradmission.

Discussion

Cardiac involvement in acquired immunodeficiency syndrome (AIDS) isanimportant problem. Among
cardiac complicationsinthecourseof humanimmunodeficiency virus(HIV) infection, dilated cardiomyopathy
(congestive cardiomyopathy) has been documented clinically [5-7] and pathol ogically [8-10]. Dilated
cardiomyopathy inAlDSmay havediverseetiol ogies, including sequel ae of myocarditis, myocyte damage
from opportunistic myocardid infection, toxicity of AlDS chemothergpeutic agents, and, poss bly, infection
of theheart withHIV [11,12]. Theannual incidence of HIV-induced Cardiomyopathy in 2003, prior tothe
introduction of HAART was 15.9 per 1,000 individuals[34], and rose significantly to 176 per 1000in
2014 after theintroduction of HAART [29]. Individual antiretroviral drugs (zidovudine, didanosineor
za citabine) have al so been implicated as apossible cause of Cardiomyopathy in HIV-positive patients
[30-33].

The association between AZT use and the devel opment of cardiomyopathy has been suggested from
animal models[11,13,14] InratsgivenAZT, ultrastructural changesin cardiac mitochondria, including
increased mitochondria size, fractureand disruption of cristae, and €l ectron-dense depositsin thematrices,
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have been noted [11,13]. Herskowitz and his colleaguesreported aseries of AlDS patientswho received
AZT (or other dideoxynucleosides) in high doses. These patients devel oped reversible congestive heart
failure(with presumed dilated cardiomyopathy) after being treated with theseagents. They improved dinicaly
with discontinuation of dideoxynucleosidetherapy [15]. Frerichset al. reported thefirst adult case of
cardiomyopathy caused by azidovudine-containing therapeutic regimen [16].

Thiscaseof dilated cardiomyopathy was probably caused by zidovudine. Thereasonsfor suspecting that
Zidovudinewasthe cause of the cardiac findingsareasfollows: (1) theclinical symptomsappeared after
the commencement of HAART that included zidovudine, (2) thedinica sgnsand symptomsstartedimproving
after discontinuation of the zidovudine-containing HAART regimen, and (3) cardiac function remained
normal after theintroduction of new HAART regimen contai ning Tenofovir, Lamivudine and Efavirenz.
Therefore, zidovudine seemed to have played akey roleinthe pathogenesisof thiscase.

Theassociation of cardiomyopathy with zidovudinein adultsisstill unclear. Themechanism of zidovudine-
induced cardiomyopathy isthought to be mitochondrial toxicity caused by zidovudine, made evident by
depletion of mitochondria DNA levels[17]. Datasuggest that the mechanism of mitochondrid toxicity due
to AZT administration may be caused from mtDNA depl etion, mitochondrial oxidative stress, reduced
content of L -carnitine, and other mechanisms such asapoptoss.

TheAZT-induced dysfunction of mitochondriaiscaused from the reduction of mtDNA content.[4,18,19].
AZT-induced mtDNA depletion occursdueto inhibition of DNA polymerase ?and dueto depletion of the
mitochondrial pool of TTP (thymidinetriphosphate). The depletion of mtDNA |leadsto dysfunctional

complexesof thed ectron transport chain, thereby affecting oxidative phosphorylation and ATPproduction.
Aerobic ATP production fallsshort of the minimum energy requirements necessary to maintain normal

tissue and organ function, which leadsto dysfunction. . Furthermore, anaerobic glycolysistakesover to
compensatefor minimal energy, leading to abuildup of lacticacid[20,21] Yamaguchi et d. reported early
cytotoxic effectsof AZT, and showed AZT exposurein human lymphoid celIsresulted in adecreasein ATP
concentration and depletion of glutathione[22]. Depletion of glutathioneleadsto anincreaseinreactive
oxygen species (ROS) production. This oxidative stress can damage and alter the functions of DNA,
proteins, and lipids; thus, leading to mitochondria and cellular dysfunction. L -Carnitine, also known as
levocarnitine, assgtsin the proper metabolism of long-chainfatty acidsto energy by promoting their trangport
fromthecytosol into themitochondriafor entry into ?-oxidation [3]. Datashow that AZT causesareduction
incelular levelsof L -carnitine[23,24]. It leadsto accumulation of lipid dropletsin the cytoplasm of muscle
cdls AZT reducesthetransport of L -carnitineacrossthe plasmamembrane. AZT actsasanon-competitive
inhibitor of the sodium-dependent transport of L -carnitine[3]. Apoptosisisacell suicideprogramthatis
highly regulated and executed viaactivation of specific sgnalling pathways. AZT induced Mitochondrial

dysfunction, mtDNA mutations and depl etion, oxidative stress, and accumulation of cellular fatty acids
haveall been shown to induce apoptosisin avariety of cell types[25-28].

In HIV-infected patientsreceiving HAART therapy, diagnosis of CM isbased on evidence of cardiac
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dysfunction. Cardiac dysfunctionisdiagnosed based on the presence of ventricular diastolic or systolic
dimensions?2 standard deviationsabovethemean for body surface areaor abnormal fractional shortening
index ?2 standard deviations below the mean [35]

Conclusion

AZT hasbeenanintegral component of highly activeantiretrovira therapy. Severa reportshaveindicated
that zidovudine caninduce cardiomyopathy. AZT withdrawa should be considered in any patientinwhom
cardiomyopathy develops. If the cardiomyopathy isamanifestation of HIV infection and not aresult of
AZT use, thenachangein therapy may bewarranted onthebasisof progresson of HIV disease. Regardless
of thecauseof cardiac disease, webdievethat it isimportant to monitor the cardiac status of HIV-infected
patientswith seria echocardiograms. Therisk/benefit ratio of continuing AZT therapy must be carefully
weighedin each patient.
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REGULATORY UPDATEAND MEDICAL NEWS

Compiled by Dr. Pallavi Jadhav
Second Year Resident, Department of Pharmacology, LTMMC & GH, Son, Mumbai

FDA Drug Safety Podcast: FDA war nsthat symptomsof a seriouscondition affecting the blood
cellsarenot being recognized with theleukemiamedicine Enasidenib

OnNovember 29, 2018 FDA haswarned that signsand symptomsof alife-threatening side effect called
differentiation syndromearenot be ng recogni zed in patientsreceiving the acute myel oid leukemiamedicine
enasidenib.

Hedlth care professiona sshould describeto patientsthe symptomsof differentiation syndromelistedinthe
M edication Guide when starting enasi denib and at follow-up visitsto their health careprofessional if such
symptoms occur. Differentiation syndrome has occurred asearly as 10 days and up to 5 months after
gtarting themedicine. If patientsexperience unexplained respiratory distressor other symptoms, consider a
diagnosisof differentiation syndromeand treat promptly with oral or intravenous corticosteroids.

Enasidenib wasapproved in August 2017 to treat patientswith acute myeloid leukemiaor AML witha
specific genetic mutation called i socitrate dehydrogenase (IDH-2) whose disease has recurred or not
improved after trestment with other chemotherapy medicines.

Intheclinicd tria conducted for enasidenib'sapproval, at least 14 % of patientsexperienced differentiation
syndrome. The manufacturer's saf ety report, for the period of May 1 to July 31 of 2018, reported five
casesof death associated with differentiation syndromein patientstaking enasidenib. Ivosidenibwhichis
another recently approved drug for AML with the specific genetic mutation called i socitrate dehydrogenase
or IDH-1aso carriesarisk of differentiation syndrome.

Reference: FDA Drug Safety Podcast: FDA warnsthat symptoms of a serious condition affecting
the blood cells are not being recognized with the leukemia medicine enasidenib [I nternet].[Cited
in Jan 2021]. Available from: https:www.fda.gov/Drugs/DrugSafety/DrugSafetyPodcasts

FDA Drug Safety Podcast: FDA warnsabout rarebut seriousrisksof strokeand blood vessel
wall tear swith multiplescler osisdrugalemtuzumab

November 29, 2018 FDA has warned that rare but serious cases of stroke and tearsin the lining of
arteriesin the head and neck have occurred in patientswith multiple sclerosisor M S shortly after they
received alemtuzumab. These problems can | ead to permanent disability and even death. Asaresult, we
have added anew warning about theserisksto the prescribing information in the drug label and to the
patient M edi cation Guide. We have al so added therisk of stroketo the existing Boxed Warning, FDA's
most prominent warning.

Alemtuzumabisalso approvedin May 2001 totreat B-cell chroniclymphocyticleukemia TheHedth care
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professiona sshould advise patients at every d emtuzumab infusion to seek immediate emergency medical
atentionif they experiencesymptomsof ischemic or hemorrhagic strokeor cervicocephdic arterid dissection.
The diagnosisis often complicated because early symptoms such as headache and neck pain are not
specific. Promptly eva uate patientswho complain of symptoms consi stent with these conditions.

Sinceitsapproval in 2014 to treat relapsing formsof MS, FDA hasidentified 13 worldwide cases of
ischemic and hemorrhagic stroke or arterial dissection occurring shortly after the patient received
Alemtuzumab. Thisnumber includes only reports submitted to FDA. Twelve of these casesreported
symptomswithin 1 day of receiving Alemtuzumab and onereported symptom occurring 3 daysafter trestment

Reference: FDA Drug Safety Podcast: FDA warns about rare but serious risks of stroke and
blood vessel wall tears with multiple sclerosis drug alemtuzumab [I nternet].[Cited in Jan 2021].
Available from: https.www.fda.gov/Drugs/DrugSafety/DrugSafetypodcast

Bevacizumab: Risk of artery dissection

The Jgpan'sMinistry of Hedlth, Labor and Welfare (MHLW) and the Pharmaceuticalsand Medical Devices
Agency (PMDA) have announced that the packageinsertsfor bevacizumab should berevised to include
artery dissection asan adverse drug reaction. Bevacizumab isindicated to treat severa conditionssuch as
incurable, unresectable  advanced/recurrent colorectal cancer and malignant glioma.

A totd of seven casesinvolving artery dissectionin patientswith bevacizumab have been reportedin Japan
during the previousthreeyears, including one casefor which acausal relationship between the drug and
event was deemed reasonably possible. Two mortalities have been reported among the seven cases. A
causal relationship could not be established for either cases. The MHLW and PM DA have concluded that
revision of the packageinsert was necessary.

Reference: Advera Health Analytics |. Thromboembolic Adverse Events and JAK Inhibitors
[Internet]. Info.adverahealth.com. 2021 [cited 1 February 2021]. Available from: https://
info.adverahealth.com/thromboembolic-adver se-events-and-jak-inhibitors

Ruxolitinib, Tofacitinib: Risk of blood clotsin thedeep veins

Hedlth Canadahasannounced that it had worked with the manufacturer for tofacitinib to updatethe product
safety informationtoincludetheseriousrisk of blood dotsintheveinsand will dsowork withthemanufacturer
for ruxalitinib to updatethe product safety information to includetherisk of thromboembolic events.

Tofacitinibisused for thetreatment of inflammatory diseasessuch asrheumatoid arthritis, psoriatic arthritis
and ul cerative calitis. Ruxolitinib isused for thetreatment of certain rare blood cancers, such asprimary
myel ofibrosisand polycythemiavera.

Health Canadaconducted asafety review and found that an ongoing safety study for tofacitinib showed an
increased risk of blood clotsinthelungsand degth. A review of an additional 51 cases(eight Canadian and
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43 international) of thromboembolic eventsin peopl e taking tofacitinib showed that 38 were possibly
linkedtotofecitinib.

A further assessment of eight Canadian casesof thromboembolic eventsin patientstaking ruxalitinib found
that three cases showed apossiblelink to ruxalitinib. Health Canada concluded that thereisalink between
therisk of thromboembolic eventsand the use of tofacitinib or ruxalitinib.

Reference: Advera Health Analytics |. Thromboembolic Adverse Events and JAK Inhibitors
[Internet]. Info.adverahealth.com. 2021 [cited 1 February 2021]. Available from: https://
info.adverahealth.com/thromboembolic-adver se-events-and-jak-inhibitors

Alemtuzumab: Updated restrictionsand strengthened monitoring

ProductsRegulatory Agency (MHRA) hasannounced that an EU review recommended arevisedindication,
additiona contraindi cationsand strengthened monitoring for aemtuzumab dueto therisk of cardiovascular
events, thrombocytopeniaand immune-mediated reactions.

Alemtuzumabisamonoc|onal antibody and isindicated for thetreatment of adultswith relapsing-remitting
multiplesclerosis. Thereview concluded that serious cardiovascul ar reactionscan rarely occur within one
to three daysof treatment. However unpredictableand potentially fatal immune-mediated reactionscan
occur withinmonthsand upto a least four yearspogt-trestment. Thisincluded Epstein-Barr virusreectivation.

Alemtuzumab should only be used asasingle disease-modifying therapy in adultswith specific conditions.
Alemtuzumab iscontraindicated in patientswith severe activeinfection until completeresolution, thosewith
ahistory of strokeand ahistory of angina.

Patients should only beadministered d emtuzumab inahospita with ready accesstointensivecarefacilities
and should bemonitored closely for cardiovascul ar reactions and non-immunethrombocytopenia

Reference: Alemtuzumab: updated restrictions and strengthened monitoring requirements
following review of serious cardiovascular and immune-mediated reactions[I nternet]. GOV.UK.
2021 [cited February 2021]. Available from: https://www.gov.uk/drug-safety-update/lemtrada-
alemtuzumab-updated-restrictions-and-strengthened-monitoring-requirements-following-review-
of-serious-cardiovascul ar-and-immune-mediated-reactions.
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NEW DRUGAPPROVALS MONOCLONALANTIBODIES

Dr. Pradnya Satav*, Dr. Neha Shende**
* First year resident; ** Speciality Medical Officer; Department of Pharmacology, LTMMC & GH, Son, Mumbai

Monoclonal antibodies (mAb) areimportant group of drugsused in biomedical research, in diagnosis of
diseases, andin treatment of diseases such asinfectionsand various cancers. They werefirst generatedin
micein 1975 using ahybridomatechnique. Monoclonal antibodies arelaboratory produced antibodies
designed to recogni se and bind to specific receptorsfound on the surface of cells.(1) Theseantibodiesare
produced by cell linesor clones obtai ned from animal sthat have beenimmunized with the substancethat is
the subject of study. Thecdll linesare produced by fusing B cellsfrom theimmuni zed anima withmyeloma
cdls

In 1986, OK T3, thefirst antibody derived from mouse hybridoma, was approved by the United States
Food and Drug Administration (FDA) for use in patients to prevent transplant rejections. In 2002,
'‘Adalimumab’ becamethefirst human mAb to be approved by the US Food and Drug Administration
(FDA) for rheumatoid arthritis. (2)

Monoclonal antibodies currently make up athird of all new introduced drugs. Some of their strongest
impact hasbeeninthe cancer field. One of the main advantages of mAb isthat they specifically target
cancer cellswhileavoiding healthy cells. MABshavenot only brought mgjor changesto thetreatment and
outlook of cancer, but aso to arange of chronicinflammatory and autoimmunedisorders. They not only
relieve symptomsbut al so target and disrupt their cause. (3)

Few of therecently approved Monoclonal antibodiesare-

1. Ansuvimab

Ansuvimab isahuman 1gG1 monoclona antibody approved On December 21, 2020, by, the US Drug and
Food Adminigtration. It wasgranted an Orphan Drug designation.(4) The safety and efficacy of Ansuvimab
wereeva uated in the multi-centre, open-label, randomized controlled PALM trid. (PamojaTulindeMaisha
["Together SaveLives'] intheKiswahili language)

MOA- Thereisdirect blockage of Ebolavirus (EBOV) endolysosome escape and anti body-dependent
cdlular cytotoxicity (ADCC) mediated killing of EBOV-infected cells. Ansuvimab bindsand neutralizesthe
virus

I ndication- Treatment of Zaireebolavirusinfection inadult and pediatric patients, including neonatesborn
to amother who tests positivefor Zaire ebolavirusby RT-PCR.

Side-effect- The most common symptoms experienced while receiving Ansuvimab include: fever,
tachycardia, diarrhoea, vomiting, hypotens on, tachypnoeaand chills.

2. Mar getuximab

Margextuximab wasgranted FDA approva on December 16, 2020. It isaFc engineered HER2-directed
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monoclond antibody. Efficacy waseva uated in SOPHIA (M argetuximab plusChemotherapy vs Trastuzumab
plus Chemotherapy in the Treatment of HER2+ Metastatic Breast Cancer) arandomized, multicenter,
open-labd trid.(5,6)

M OA - Margetuximab bindsto the extracel lular domain of the human epidermal growth receptor protein
(HER?2). Upon binding to HER2-expressing tumor cells, Margetuximab inhibitstumor cell proliferation,
reduces shedding of the HER2 extracdllular domain and medi ates antibody-dependent cellular cytotoxicity
(ADCC).

I ndication- Adult patientswith metastatic HER2-positive breast cancer who have received two or more
prior anti-HER2 regimens, at | east one of which wasfor metastatic disease.

Side-effect- Increased creatinine, fatigue/asthenia, decreased haemoglobin, decreased leukocytes,
decreased neutrophils, nausea, increased activated partial thromboplastintime (aPTT), increased ALT,
decreased lymphocytes, increased lipaseand diarrhea

3. Naxitamab

Naxitamab, isan 1gG1 monoclonal antibody directed against the oncofetal differentiation antigen GD2
disdoganglioside(7)

M OA - Naxitamab bindsto GD2 on the surface of neuroblastomacells and induces both complement-
dependent cytotoxicity (CDC) and antibody-dependent cell-mediated cytotoxicity (ADCC), thelatter of
whichisenhanced by co-administration with GM-CSF.

I ndication- treatment of high-risk rel apsed/refractory neuroblastomaof the bone or bone marrow.

Side-effects- Pain, infusion-related reaction, tachycardia, vomiting, cough, nauses, diarrhea, increased
ALT, decreased M agnesium, decreased appetite, increased A ST, decreased phosphate and hypertension.

4. Satralizumab
Satralizumab, isahumanized monoclona antibody. (8)

M OA - Satraizumabisahumanized 1gG2 monoclona antibody that regulatesinflammation by inhibiting the
interleukin-6 (I1L-6) receptor, akey mediator of theimmune response.

It bindsto soluble and membrane-bound human interleukin-6 (1L-6) receptorsand thereby preventsiL-6-
mediated Sgna transmission through these receptors

I ndication- Itisindicated for thetreatment of neuromyelitisopticaspectrum disorder (NMOSD) inadults
with aparticular antibody - peoplewho are anti-aquaporin-4 or AQP4 antibody-positive. NMOSD, a
rareautoimmuneinflammatory disorder of thecentral nervoussystem (CNS) involving demyelinaing lesons
inthe optic nerve, spina cord, brainstem, and cerebrum.(9)
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Side-effects- Common cold (nasopharyngitis), headache, upper respiratory tract infection, inflammation
of thelining of the stomach, rash, joint pain, extremity pain, fatigue and nausea.
5. Belantamab
Belantamab mafodotin, or GSK 2857916, isan af ucosylated monoclonal antibody.

M OA-It targets B cell maturation antigen (BCMA) conjugated to the microtubul e disrupter monomethyl
aurigtatin-F (MMAF). Afucosylation of the Fc region of monoclona antibodiesenhancesbindingtotheFc
region, which enhances antibody dependant cell mediated cytoxicity.

Indication

Belantamab mafodotinisindicated in thetreatment of adultswith relgpsed or refractory multiplemyeloma
who havereceived at |east 4 prior therapiesincluding an anti-CD38 monoclona antibody, aproteasome
inhibitor, and animmunomodul atory agent.(10)

Sideeffects- Dataregarding overdoseisnot readily available. However, keratopathy was seenin 71% of
patients, decreased visual acuity, nausea, blurred vision, pyrexia, infusion-rel ated reactions, and fatigue.

6. Tafasitamab
Tafasitamab isahumanized Fc-modified cytolytic CD19 antibody (11)

M OA.- TafastamabisaCD19-directed cytolytic monoclona antibody that, upon binding and blocking the
activity of CD19, causeslysisof B-cells. Thisprocessis mediated through both direct apoptosis and
immune-medi ated effector mechanisms, such as antibody-dependent cellular cytotoxicity (ADCC) and
antibody-dependent cellular phagocytosis(ADCP).

I ndication- Tafasitamab, in combination with lenalidomide, isindicated for thetreatment of adultswith
relapsed or refractory diffuselarge B-cell lymphoma(DLBCL)

Sideeffects- Tiredness, diarrhea, nausea, vomiting, loss of appetite, back pain, or muscle spasms.
7.1nebilizumab
Inebilizumab isamonoclonal antibody approved in June2020.(12)

M OA -Itishumanized mAb that bindsto and depletes CD19+ B cellsincluding plasmablastsand plasma
cdls

I ndication- Itisindicated for thetreatment of neuromyelitisopticaspectrum disorder (NMOSD) inadults
with aparticular antibody (patientswho are anti-aquaporin-4 or AQP4 antibody positive).(13)

Side-effects- Thelabd for Inebilizumab includesawarning for infusion reactions, potential depletion of
certain proteins (hypogammaglobulinemia), and potentia increased risk of infection - including Progressive
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Multifocal Leukoencephal opathy (PML), and potential reactivation of hepatitis B and tuberculosis. The
most common adversereactionsare urinary tract infection, headache, joint pain (arthralgia), nauseaand
back pain.

8. Sacituzumab
Sacituzumab isaTrop-2-directed antibody and topoi someraseinhibitor drug conjugate.

M OA - Sacituzumab isan antibody-drug conjugate (ADC) targeting TROP-2-expressing cancer cellsto
induce DNA-damage-mediated cell death.

I ndication- Itisindicated for adult patientswith metastatic triple-negative breast cancer (MTNBC) who
have undergonetwo or more prior therapiesfor metastatic disease.(14)

Side-effects- Patientsreceiving an overdose are at anincreased risk of severe adverse effectssuch as
neutropenia, diarrhoea, hypersensitivity, nausea/vomiting, and other systemic effectsrel ated to cytotoxic

drugs.
9. Isatuximab

Itishumanized, |gG1-derived monoclona antibody (mAb) produced from aChinesehamster ovary (CHO)
cdlline(15).

M OA- Isatuximab istargeted against CD38 proteins. Thisresultsin direct apoptosis of the affected cell
and activation of immune mechanismsincluding antibody-dependent cell-mediated cytotoxicity (ADCC),
anti body-dependent cellular phagocytosis (ADCP), and complement dependent cytotoxicity (CDC), dl of
which resultin potent anti-tumour activity.

I ndication- Itisindicated for thetreatment of multiple myelomain adultswho havereceived at least two
prior therapiesincluding L enalidomideand aproteasomeinhibitor.

Sideeffect- Severeor life-threatening low whiteblood cell counts, diarrhea, nauseaand vomiting, low red
blood cell counts, feding tired, hair |oss, constipation, rash, decreased appetite
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1 Muromonab-CD3 A Totreat SJIA (Systemicjuvenileidiopathic arthritis)
2 Addimumab B PEGylated humanized antibody
3 Abcximeb C Migrane
4 Trastuzumab D Treatment Of asthma
5 Aladizumab E Usedtotresat psoriasisand causespharyngitis
6 Nofetumomab F Infusonreactionsand progressive multifoca encepha opathy
7 Rozrolimupab G Neutrdizesdogridiumdifficiletoxin
8 Benrdizumab H TagetsTNFapha
9 Rituximab I Human Polyclona antibody
10 Bdimumab J Merpentanlinksit totechnitium99m
11 Alefacept K Thyroid Dysfunction
12 Canakinumab L Pateetaggregationinhibitor
13 Bezlotoxumab M  Painaround eyes& cheekbones
14 Alemtuzumab N  Breast cancer medication
15 Omdizumeb O Firsgmonoclona antibody approved for clinica useinhumans
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Dr. Jaisen Lokhande 3165 dr_jaisen@yahoo.co.in

Dr. Swati Patil 3165 drswati246(@gmail.com

Dr. Hardik Thaker 3160 drhardikthaker@gmail.com
Dr. Prajakta Kude 3160 prajakta kudel3@gmail.com
Dr. Shankhini Deshpande 3160 shankhinid@gmail.com

Dr. Shariva Ranadive 3160 ranadiveshariva@gmail.com
Dr. Prathamesh Avhad 3160 prathiavhad@gmail.com

Address for correspondence :

Department of Pharmacology,
College Building, LTMMC & LTMGH,
Sion, Mumbai 400 022.
Tel.: 022-2406 3160 « E-mail: Itmghbulletin@gmail.com
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