ehﬁ\&uh-
Pt 448

a3 B Y sl )

Laldlg dmglud! OU o=

s Biologicsizrg) gl iygsY!
Biopharmaceuticals d>g g.d! &5%¥dpad! 314

Sy ol s
Z\b}a.s'-}.:\..}\éjb
YoVYE—Y VY



dedazs 4595 A5V o claS

Biopharmaceuticals iz¢sdt 4%t 31kt of biologics  dagis.dt 49531

“

WY

iy9sY! sicbiopharmaceuticalS &g sed! ds¥uenal! 5150l (B Leijas abg of Cwi .
A gl gnd) AN udl 31kt Cay add or Ji! o ¢ biologics &g gad!

9" bio (‘5}?- )sat" ¢« S 0 biopharmaceuticalS i o) &Yl 31600 clh.m 868
" 6‘“ 83U\ s " pharmaceutical i%¥J.2)) " g biological izrglsy ddy,b Aoy c:ﬁ éj‘ aall
S e Of u"‘*" " grew of  Blamils gic sy of amedicinal drugs ikt 4553y
OF ol e " (b 6193 ado g dloail oY dniat o (S0 " 6l Ll s ol cadjective iiv
A9aY1 BLSt a9 medicinal «SJ’ ¢ (S193 AlST Of Copg cnOUN ! 2 PN

-

Zuj.ﬁ )j«.«}b ‘_;T J..é oy 03lazs! o ol % ¢loldl ¢ official definition ‘_5:")5\ g yld Lns” .
03l u;\ @l e (] el gl Jjuj formulary <) Sy umf 6‘ j\ ) pharmacopeia
d+\al) (mitigation calld! (ccure s\id cdlagnos1s el G Jlea dgrge
Jokas ddy Jornay ¢ plalall slimab 5 8 & o (2 M sprevention LGy siitreatment
function or structure of body g3 & ol ddbg



dedazs 4595 A5V o claS

Biopharmaceuticals iz¢sdt 4%t 31kt of biologics  dagis.dt 49531

3

oS

biological iwall izgsdl Slyitt Lgsl o ¢ Willgy Jooc Joll oy & @
"biological products ixgsy “lmus "eut nucleic &ysdls macromolecules

ipaia? 435l Wiw g (DI01OZICS drg sed! Ly9oY) Lgalane ¢ cyadll Wanl digsYl Cinas o
European Medicines Agency iV ikl 45 |3 wspecialty drugs
(EMA)

advanced medicinal therapy dsdddl Lda) L) Ol 08 EMA J) Gidgg o
gene i.2 ?G/v-\.ib iag s & pid) JloriwN dg g0 4951 aproducts (ATMPs)
tissue .l ivia o somatic cell therapy Zu.s LS s o (therapy
.engineering

L j‘genes ol Gb dukozalll 3.3.3329\ Jf@ 3.37-535?3\ Z.gjéiﬂ\ o X dag e
. wwcombinations iy o tissue zudi i (cells



dedazs 4595 A5V o claS

Biopharmaceuticals iz¢sdt 4%t 31kt of biologics  dagis.dt 49531

“

WY

deY1g 19331 e |3 0 'licensed 512 "iygal < Biological drugs d-gs.d 4554 e
"approved @slas' o Y (CBER) &gocdly Sl lged) el Sy J3 o0 ) FDA £S,4Y)
Agde

therapeutic proteins i-% <Ls )i CBER ,.4  Haad @

Lo t0 o0 ST Jo g8 CSp 92 protein ouspll i 0B ¢ o) o) 1d Copnss ®
NON— slsy pb clod &l Jo sl 22 €0 0 31 g2 cdlipeptide dad) Citayg ¢ Ligl
recombinant engineering ikl iwkdl alusuwl ) g~ ¢ 3> biologic drug

32 mslse Jelis et ¢ DIOTEACTOT gy lelin 3gmg aRL Bl ~ls) 2, @

1030 15 s o> S ) microbial cells i, S5 L= (photobioreactors

. Laxés ¢ (yeast cultures sp ¢ i of recombinant E. coli

¢ @A ) (e ) MANUEACEUTInG COSES mas LSS ¢ ol (e ()bl ) axlyy . @
by WL contamination woldly « (high-purity il sss @iy wlae e Jsadl 3 a8
(Spladl) s a3 fiz) Gskdll 5 ¢ Slogsd ol ) MiCTODES



dedazs 4595 A5V o claS

Biopharmaceuticals iz sd) &Yl 315kt 5i  biologics  ieglsnd! 495Y!

-

gk
D s a5Vl Slll wlame Jo Al eas
((factor VIII and factor IX )auldl felally oold Jola)l ) pll) 52 felye @
eed) s L2  Thrombolytic agents il b Lelsall @
(tissue plasminogen activators) o
« growth hormone 4 0402 ¢ (glucagon o,el55le ¢ dnsulin (Jswil ) Hormones ety 41 @
(gonadotrophins s sstsé
S poninald 2g:dl Lulgalicerythropoietin ;y9,5)Factors of blood production »ii 75} Julse @
.(colony-stimulating factors
(0-, B-, y-interterons)Interferons «ty,ix;
(interleukin-2)) interleukin cusJg) e
.(hepatitis B surface antigen)) Vaccines =i o
bevacizumab )Single-clone antibodies ss Mono clonal antibodies ..l s> sl @
(Sbgm)y, ranibizumab e 5 julan
(adalimumab L. dshtumor necrosis factor (TNF) inhibitorsi. sl =i Ll wloze o
V .(L-asparaginase ;t~|.\Enzymes for therapy slyoll w5l @
(DNA and mR NA vaccines)Vaccines <\~ o



dedazs 4595 A5V o claS

Biopharmaceuticals ixgsd! i5¥ama)t skt 51 biologics iz gsdi dyssd)

brglgn @) il sl o Blemswl o Balall O dergds 4Vdew B3L Joi O
recombinant ol bWl LrdeS dkuwly biosynthetic "human' insulin
1982 o« DNA technology

o) L gl ¢S5 pldsuinl oSl g o) O e Olreand! 19l

Joo 2181 e Wl Blee G pS g2 e dergdandl AYARl S Clle (s T Ol
Oyt o1y (5 S

Sgapns (gl (il i) Ll gSasd) Liue e dgga¥) e ST Ul dla
Bss (blockbuster) s sl 51 8% LS, JI Blo) bl sl 51zl sl
(Ve

V%0 dgddid) L5Vl 3150l g2 & JeT) 0% Juas gins drgl gud! AY i) 3141 B 30



dedazs 4595 A5V o claS

Biopharmaceuticals 4§ sd) &5¥0ma)l 31541 of  biologics 4 sd) 493yl

Biologics-Biopharmaceuticals =& ¢l gud! d¥umadl 15k1 ol & gl 50d! :\,{jbiﬂ‘ LA A

biologic(al) medical product ¢ s Livs oo J1g3 (Sloeiis) cw’; sl o gllas ®

hor gl ged) d393Y) of ¢ biologics (Wb glsmd)) & glsnd) Lizsl comndy ®

i W= P G}"ﬂfs\wj large complex protein molecules &g oldns didgy CJLQ; P "
o , insect oli> W5 gl yeast jL& siimammalian cells 4.
. bacteria oSl

£

9 (pharmaceutical drug product manufactured C«.a.e d'ﬂw '9° c....e ! o =
dorg oy y3Las o semi synthesized L dls'- 9 ¢ pextracted elsui.s

\%

Biopharmaceuticsis ¢ st oGY iR



- e

Biopharmaceuticals iz 5! 1Y)l 31h1 si  biologics &g gadt dgsY!

Biologics-Biopharmaceuticals =& ¢l gud! &Yl 15k1 o1 & gl g0d! Z\gj.s‘ﬂ\ LAy

& S ¢l microorganisms (ix W) Oy Se arls] sy @iy Luds slgs &f OB 1iSay =
living 1> oS s s o genetically modified organism Uiy Jues
o G Disdey Li¥uws 3L wib ade e 1 dxrdsn Slhes o 5l (olp)Organisms

A3 L9531 E A1 3( Sl gl ) drgd sl A¥eaal) SIgM1 of drgd gt ga¥) i m
e 0 Oltemadt 3 asLl dga¥) 0 Y09 ¢ K25 OF Juglg , ol )t C3gl 3 bl
0O Al

Biopharmaceutics s ¢ sall clisyalall
the study of the physical and chemical properties of drugs and their proper dosage as
related to the onset, duration, and intensity of drug action, or it can be defined as the
study of the effects of physicochemical properties of the drug and the drug product, in
vitro, on the
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" RO R ERAh G Ry Detivery: A Nanomedicine

 RH Muller, CM Keck - Journal of biotechnology, 2004 - Elsevier

Biotechnology allows tailor-made production of biopharmaceuticals
and biotechnological drugs; however, many of them require special
formulation technologies to overcome drug-associated problems.
Such potential challenges to solve are: poor solubility,

limited chemical stability in vitro and in vivo after administration (ie
short half-life), poor bioavailability and potentially strong side effects
requiring drug enrichment at the site of action (targeting). This
review describes the use of nanoparticulate carriers, developed

in ...

* The nanomedicine research field is currently dominated by
liposomal or polymeric drug delivery vehicles, with functionality
typically limited to long circulating drug loaded particles


https://scholar.google.com/citations?user=iVaLsw4AAAAJ&hl=en&oi=sra
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small Molecule/

Rank | Drug Company Biologic
Humiraairmumbus.ts4 AbbVie Biologic
Advair/Seretide GlaxoSmithKline futicason: «~ Small Molecule
Rituxan/MabThera | Roche i yuay Biologic
Lantus Sanofi o Biologic
Herceptin trastuzumab | Roche A s o Biologic
Crestor rosovastatine AstraZeneca sxj Small Molecule
Remicade infiiximab Johnson & Johnson *+#u Biologic
Avastin bevacizumab Roche isisy wijw Biologic

Cymbalta duloxetine Eli Lilly we0aa Small Molecule
Plavix globidogrelsaiaias | Sanofi & Bristol-Myers Squibb | Small Molecule
Enbrel etanerceptis Amgen Biologic

Neulasta pegfilgrastem AMEEN shas S 45 4 Biologic

Lyrica er<tpregabalin: Pfizer Small Molecule
Januvia sitagliptin: 5 Merck & Co. Small Molecule
Lipitor atorvastatin: Pfizer = Small Molecule
Nexium omiprazotppi AstraZeneca Small Molecule
Singulair montiukast «x Merck & Co. Small Molecule
Atripla efavirenz 5« Gilead Sciences Small Molecule
Symbicort »* AstraZeneca Small Molecule

S|o[® (I |0 | |G|N|2 |50 |N|e v wiN| =

Truvada .

Gilead Sciences

Small Molecule
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Small Molecules

Biologics

Made through chemical synthesis

Made from living cells

Usually inexpensive

Very expensive to develop

Small, simple compounds

Large and complex proteins, difficult to characterize

(enerics- exact copies

Biosimilars- highly similar, but not identical

[dentical products between different lots

Variation of products

Have been in use for years, laws more detailed

Fairly recent, not many laws developed

Straightforward manufacturing process

Very complicated manufacturing process
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Cytokines are a growing group of proteins that are responsible for the communication of
cells of the immune system, hematopoietic cells, and other cell types.

They play a dominant role in various diseases, particularly in promoting and perpetuating
inflammation.

Cytokine production is a reaction of the body to a pathologic state to restore
homeostasis.

In such cases, the therapeutic intervention should support the reaction of the body by
giving the cytokine itself (agonistic therapeutics).

In other cases, manifestation of a disease results from an overproduction of cytokines,
making cytokine antagonists desirable therapeutic drugs.

Furthermore, cytokines may be good candidates as cancer therapeutics, especially to
support the restoration of blood cell populations after chemotherapy or radiation.
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Lo ¢ Al Lol ) Bl 30 JV S 2
type 1 (TNFa, IFN-y, etc.), and type 2 (TGF-g, IL-4, IL-10, IL-13, etc.):
Transforming growth factor beta (TGF-B)

Tumour Necrosis Factor alpha (TNF alpha)

TNF-a, IFN-y

~ | y
Y
(Ywum_ /

L STORM

T N /ﬁ \
TNF-e, [ Z8N
=> \ ' ) Clausing,
Il:'h r ‘\‘7\ I_'/"/

N Activation of
Stimulus of

R macrophages,
immune «ell} dendritic cells,
(T or B cells)

endothelial cells

Activation
of T cells

Diseases
(COVID-19, ¢fiy

TNF-a, IL-1, IL-6,
1L-8, IL-1, 1L-12
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type 1 (TNFa, IFN-y, etc.), and type 2 (TGF-g, IL-4, IL-10, IL-13, etc.):

Transforming growth factor beta (TGF-f3)

Tumour Necrosis Factor alpha (TNF alpha)
o Interferon Alfa—2a <recombinant  lug il slall salll 2a W09, Y14y
. antiviral or antineoplastic agent _s!! sLaall &) gl

W a3 pliagl bl lw VA o8 35d o M ol lea ¥ W 09,0 0Y) faniny
.melogenous leukemia (s5ad\ ol pliayishairy cell leukemia 3 5 asd

liew (& & Justlu-like syndrome \J;,.La.a‘z!\ Taydis dniy Lo dlloriw! amns
<N ).,\5- u’a.v S 9 Ay d.aj;u Up\f&\ b\.a-\ IR Mj ou\s‘«f w\Jw ) c&‘M GL&
Ay ..\.SJ WSS P

bbbl interleukin 2 (IL-2) (Aldesleukin, (Proleukin) ¢ Sslagi—Y
.renal cell carcinoma &St L3
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type 1 (TNFa, IFN-y, etc.), and type 2 (TGF-B,IL-4, IL-10, IL-13, etc.):

(IL-1 blocker) :anakinra (Kineret ) )Y —nSy} ju’ﬂ‘ ol \J.Sb\ v

J..«s Avy Joxiny « rheumatoid arthritisiugtes) J.,a\.d.\ Sotgd dygsl e
L 095535501 ) g xedly « NSIDS iy pend! p8 gl Silsliag a3l
. Disease-Modifying Antirheumatic Drugs 2 pd EJ:\AJ & 5:3?\4 9
e}Jb &6\~~)\M.d}\u$tﬁ5-i\j.ﬁ\@

Sl parzenel) dgdl oyl 0 ) Filgrastim (Neupogen) gl ahi—¢
:granulocyte colony stimulating factors (G-CSF).i.s!

sslalineutrophil (wYua) sl b S 25y bone marrow (bl /& 4y
istioll &S3) Ol pdt dygst e AW gl Ol Adlal famtagg ¢ @l el
immunodepressants.

Transforming growth factor beta (TGF-B)
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e ¢ &gkt el ‘....J,-\ byl 300 éj\ i 2
type 1 (TNFa, IFN-y, etc.), and type 2 (TGF-$,IL-4, IL-10, IL-13, etc.):

Filgrastim
Molecular Formula: C_,.H ,,,;N,,,O,,;S,
Average mass: 18.8 Da
Chemical name: Filgrastim

Interferon a (human
leukocyte protein
moiety reduced)

Filgrastim is a synthetic pharmaceutical
recombinant protein of 175 amino acid (non-
pegylated human granulocyte colony
stimulating factor analogue). 18800.0 Da
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(397 50) 30 iy Ahpundl (e311 bl Ay
3 e s~ si dimer z935 simonomer
Monomer

IgD, IgE, 1gG Flgdly ot G gy Y O IS5 e s g2

S 8 o el gy (Ll 8 @ Y dand!

pentamer

_ G-’J-}‘“ szl e Ol immunity system isull
Dimer Bacteria Sl o by 4,40
IgA Viruses.olus pdlls
ilad
Pent heterogenity! i sl 54>9 Ay
Iel\r/]l amer iiby L2115 gl s & stabilityolds
g 'y

(dag®

Heterogeneity is the state of being different in
character or content.
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‘Fig.2. Antibody structur
~—— Antigen binding sites Jau)x )
: Variable reglon
_on heavy
chain

+ ' Variable region

Light | -.
chale . T o h \ on light chain
Disulfide | ;. -
bridges § \  Constant region
—__\ on light chain
Heavy chain —— ‘b Constant region

on heavy chain
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) : Antigen- Antigen-
Antibody: Structure, Classes and Functions binding binding
W cleavage B e
»
N sites Nyy»
H H 3
vl.
Fab
C
Disulfide
bond ™\ '
N i C = constant domain
R N Fc< i V = variable domain
Joining -~ C.3 H, L = heavy, light chains
chain H
Joining  Secretory
chain protein ¥ "00C OO

mAbs=B lymphocytes

mAbs are identical in several properties such as protein sequence, antigen—
binding site region, binding affinity for their targets, and identical downstream

functional effects.



Biopharmaceuticals izgs.Ji ig¥auel siekt 51 biologics izglsdi dssy)

Types of biopharmaceuticals= BIO|OgICS

doa > 5l gl 4 9aY) Jalad)

monoclonal antibodies 4Ll ‘Udh\ Aaal

Fig.2. Antibody structure

— Antigen binding sites

Variable reglon
~on heavy
1 ‘cham

N\ blsyl i
»

+ ' Variable region
on light chain

Light -
chain

38

DISU|fIde ool |\
bridges . Constant region

on light chain

Heavy chain '

U B

Constant region
on heavy chain

Antibody .l cs>U
58 o JS& 4ib )l ~93 smolrcule
e Yl |Kas variabled s dibi
ddudt aapslight chain daa- Al
& i ddkng « Heavy chainil i

.Constantiut

S5 @ 2 Jodhedl e 8y gblly U
bl e | g1, dpliable
antibody .2l «.3-Binding site
Ly ) a34ll a5 antigen wiazll as
wgspecific antigen s dzias
055 Al
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Fig.2. Antibody structure = -~

— Antigen binding sites

Variable reglon
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.cham

by

'''''''
vy
AN

Light ~ . Variable region
hain _ /' M on light chain
e Disulfide /:,‘ 9

Constant region
-\ on light chain

bridges

L3
Ll

Heavy chain — ./ | Constant region

on heavy chain

dal) § il oY) ew i O

\,a.L SteosSI ST ety 8 el
a8 GMdyg Binding sitedbls )yl
L2l swefliciency 3qus
s (S e=Antibody
i1 d 39 % e Antigen
Cw‘.&.\ Jar A1 o28 s G oped!
AT B ey
Aol ddid) Juhd) Gyl ddlad) bl
Uisllaze 0585 (et il wol fuo g3
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sl Loy Ce-immunotherapy sl il o (Ko Ut sl 31uoVL bl s
L iy ¢« el 3 Sligdl o Ay dll L) 20 msmonospecifically sg ¢ JAsAntibodies

. W oda dargl Stimulate immune system Ul gt ag

i T—cel il WM S involved i oy e bl a3t Baf Sl Condsuind Lydg
el slio) G pS y95 b JT—Cells 451 L3 ol Lozt inhibit L @ ol sl g5

. el Immunity

. arthritis rheumatoid ity Lolll Sigdl (2 o)l idtal o) dislol 3142Y) Janins

blb,dl e ddki2 Ty . Alzheimer a7 o155  multiple sclerosis siadl &l
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: : Jlesz!

: 1998 ale Joaxat 13 Jg¥1 ol (gt Ao (g3l wiadl OIS
a2V e Al il Lileyy 8 (Remicade ) Infleximab ol Sy
J..a\ﬂ-\ <l 2, i-12L2002 ale 3 l&.fiﬂ\ clglll 3y13) adke CBdLp L8 CUS

methotrexate <lSgges oo Siilirheumatoid arthritis opsby )

(psoriatic arthritis £3%lL Siiall foull Sl 2005 el Gy
ulcerative colitis’>3a3) Ogsdll Ol idlal Yo v 0 als g

.ankylosing spondylitis JLadll )il CedV iWl2006 ale d
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Activating
w receplors
N\ €028
4 \
- 0X40
figite:
2% GITR o
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Y
AQONISHC
ADS

her el Ay93¥1 LU

monoclonal antibodies il 3V L1 s1ul dygsf

Inhibxtory
rocoplons &

cmf
o P ;’Q

T ool g_—;ﬂ W3 /&
4 (5 BTLA \Q
. VISTA /
LAG3 \<
Y
Blocking
T coll Abs
stimulation

cluster of differentiation Ll ssie ade gl bs uny
s cluster of designationew.ed! ssis ub Ll Oym)
ey classification determinantiized! 5312

S aaat adsuing protocol Yssgy of lwis (CD d b
cell surface bl ixbudl Ol claiisy o

Lol ke dtargets Slua¥l aus 3 molecules
immunophenotyping of cells il ‘stli &l
Lot CD Jl ol aloned il Soloellaaliyg
sireceptors CMdmS fosi b LIy ¢ dadms 3,k
il dela ligands 54

i dehw Jumys signal cascade &lay JSls gy dste
J Slgigp cai ¥ O j2ay & . (signaling pald)

c s Wby asi S Signaling e @ 498 oI CD

. cell adhesion 43 3Ladl s

.CD J\&\,ﬁwy YV J Gy Sl il Ay
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MepolizumubY

severe eosinophilic asthma

children 6 years of age and older and adults s 3 gl dles (Yo YY) Clogy Jgmm
h h . ” . . . . . “. <
whose asthma is not controlled with their é&l*" Uty Sl N e ST JLabYY

current asthma medication(s X . .
patients with eosinophilic granulomatosis with ~ ~§%# ¢ )42 ﬁ)‘)or@i"ﬁ s ol e s
polyangiitis Sl (Jlaw ¢yl o2 ¢ ol

polyangiitis &4
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Treatments include:
cAdo-trastuzumab.

emtansine (Kadcyla)
2013

‘Pertuzumab (Perjeta)
Mar 19, 2020

*Trastuzumab
(Herceptin) metastatic breast
cancer.
3' :;‘U"“‘ First approved September 25,
o 1998) :

Yo¥oe c YoV VA8 AGlag e A

human epidermal growth factor receptor 2

Vove Qlagisiom
which promotes the growth of cancer cells

Yoohe Yoot o ¥out clag el
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( 1234 ) Rituximab( Mabthera) <lass gy ; (V)

3.3;\,3.\ . antineoplastic agentsis\b ! ?‘)ﬂ‘ oislas CloreS g o™
Lol sl 957 0 929 biological response modifiers &3 iyl
.biotechnology

(10mg/mL (10mL, 50mL vials) )dks Ole £ dal 9’3\? S ClognS g sté.

ikl s9lieldl play¥is non-Hodgkin's Lymphoma i3 52501 MjAA.U\ J
.Chronic Lymphocytic Leukemia

i o lld fariyg U AsLis el e Bigil Lol o] ClaSill Jlani! ore®
s & o DLty gy B593 ol ol oler g (B3g oy ofly ey g (o
el

& BS)Llb La( Mabthera RA) ClorS ! Jorinns

(DMARDS a5t J1 dy9af 9 « bl ) 44987 0 ) Methotrixateol.S sl
rheumatoid arthritis ugtbgll Joldt Sigdl id-tas 3
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Rituximab( Mabthera) <lass s (V)

Heavy Light
Rituximab (anti-CD20): structure \am_ Limiy | artabic
k Repione
T Murine vartable regores bind
! ,'  specaficaly tn CO20 on B calls Fah-
Liswillide bond
|
. p Hinge
L .lI\:JII:.I._.-"
".'l!l'l'l-. l“-._
™,
™,
- (Glwean Hite

Hustas i1 Fe demain wirks in syedy
wiih himan $lecing meckan s
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Rituximab( Mabthera) class s (V)

Rituximab

Murine
variable

/
% QSV CD20
Human /

K constant

\Human

lgG1Fc
Md 4 ga O] [ lechimeric e W (udigh dudll gala) sl 1 GilagaS gl
4pkallB lymphocytes 4sibdl 4 5ldalll LA b Ao 392 5all CD20 antigen M&iceal)
o AL Al g ) (g0 A8 Al e (5 5ing 1gG1 Sl (el le sa adall | Al ) g
c 488l AL el (aea YIY g AL Aldall el e £0) (e ()5S ¢ Gl
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Rituximab( Mabthera) <lass &) (V)

classification determinant
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ror.cvar o vaaa tTrastuzumab (Herceptin)sbe ) sics 55 (V)

antineoplastic b 2l (“)ﬂ‘ oislas JITrastuzumab  obsgygins i1 conld
igsl . sagbiological response modifiers &1 Lxud Jlall ;agents
. biotechnologyld 45,1

055G crdlly (pana) (o (5o O s (bl (o M alal 3 i 198 Dlagisiomy i fanins]
. chemotherapy Gl b 15iky § cpllly HER2 g pll pns b p el
HER?2 (from Human Epidermal growth factor Receptor 2) or
HER2/neu. HER? tyrosine kinase receptor.

infusion sud Copdl Gb o ihe £60 gl al Yo jle O1d OVl [Say iy O

Bls o\l oo dygb Lol o) DSy Yot (&) M 425 gl 2123 sl
(1540
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vov.ovor o vean Trastuzumab (Herceptin)<bas)sien 5 (V)

S R
. - - .Iﬁl i1
ML
i o AN v AN o &
D1 = {:Il Linker Trastuzumab

(3to 4 perlgG) -thioether- (HzlgG1)
-LysMNH; (random)
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vov.cvarr o vaaa Trastuzumab (Herceptin)<cibe g sies < (V)

S R
. - - .Iﬁl i1
ML
i o AN v AN o &
D1 = {:Il Linker Trastuzumab

(3to 4 perlgG) -thioether- (HzlgG1)
-LysMNH; (random)
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vot.cvarr o vaan Trastuzumab (Herceptin) e g sies < (V)

5 rvi“%

. MeO : :f:is
+5OH

& 2011 American Assocoation for Cancer Rescarch
CCR Focus
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YordoYerAo Yoot v s Bevacizumab(Avastin obg iy ()

recombenant Csil ildl g3l L2 529, biotechnology L>gsSis i dygsl o =
. monoclonal antibody

Jos Ble) P o oyl G Buer dygas el 35 00650 L Bk 8 Qlaghelddl fosy
VEGFA vascular endothelial 401 iss¥ Gk 36 Jole Sand sy
3 slay) o dsly g cde oY Wil 3¢ se)growth factor A [ (human)]

.(O)Lﬁcd\j u\.!o,fd\

Aol Gt O E N O j ¢ Ol Ol Jro O 21 g ddki2 0101 Brlas § Qlogjpuiliy foris @
By gankl Ol Ogsdll Ol ¢ TSI Ol ¢ (Bt SN 1)

.w\a\:w)!wﬁ.jj\g%&b2~~—\~~)\.\.B.c.shqﬂ n

LS Al wally diabetic eye disease Sl ol 2,0 a3k Lyl Joriny ™

. retina
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YordoYerAo Yoot v s Bevacizumab(Avastin obg iy ()

1S5ab ddladt ooSally diabetic eye disease ¢ Sudl ol 2,00 dbWh L) Joriny ™
. retina

.ijﬁr\ (:\::5\ Uy ;é ol Olis

It is also used to treat diabetic eye disease and other problems of the retina
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1998 2005 : (Remicade)Infliximab ol..SJé! ()
o) A Jole Olage e dhnd) (s311 g9 o

first tumor necrosis factor-a (TNF) inhibitor,

o\l o psoriatic arthritis  idual ¢ cugbg )l Lol Olgdl ddtal foriny
Sl « Crohn's disease ¢s1,5°¢1s ¢ ulcerative colitis &1 & SJI
closing fistulae ,.13J! ¢ ankylosing spondylitis.s.u gt} Ll

vooxayy v :Alemtuzumab ( Campath) Clgyseli (o)

B-cell chronic L 43U L3 Sl ol idles & Josin
alkylating WSUall [sgadl 4950 (honint 1 2 LI clymphocytic
anti-CD52 525 gty by Oyl 35L2LI agents
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Y+« ¥:( humiralmsr)adalimumab ol gJisi —(1)
8 A Jele Ol e Al TR IATY

first tumor necrosis factor-a (TINF) inhibitor,

—\dls rheumatoid arthritis gl )l ol Cledl it el Josiny
psoriatic iy Sigall Lol Sl ¢  ankylosing spondylitis
Ol gl Solglly ¢ Crohn's Disease — Acute su-1 s S 15 ¢ ¢ arthritis
s « ulcerative colitis ‘>7a3)
gl Sk £0 G gl pad) G A e Ay = E Gy OlesR awyg
Sy eSS (Methotrexate Sl s ae iSjLall Jomy OF (S5
onsteroidal anti— L.l 1 Ol wisles (glucocorticoids
e Wuall LgsY of ¢ analgesics wuSllly  inflammatory drugs
( DMARD)disease modifying agents_z» .|
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:J 4 biologics ixgsd! 533 LI 56 i e
pharmacokineticigisu &t 3!
pharmacodynamic L.ts4St il
immunological profiles suli w5l

Lyl sl sl T PEGylation dad! ides ) s gl o

polyethylene JsSUe (sl Us g oo cOvalent sl
St 51 3 2 1as « glycol (PEG)
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PEGylation ilaJ iles (PEG JsS8 (i) (A5l
(A S aa gldextrans O iesdll aa o) O
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L Baa Ay (Bl

Jilgu A (PEG ada 8L i Al e ) _laY) Jalii) gl gall sladial Y
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PEGylation djgv:l“ M! t}ﬁ" cA (bw)’ﬁ\) w\ 3.31.05' A

(drug delivery s)sall sl dllad 31010 48, jhas)

HO- [ CH,-CH,-O- ]I—I
n

/ %

Ethylene Number of
glycol (EG) EG groups
group (up to 1,000)




Biopharmaceuticals ixdsJ! 45020 3141 of biologics i ¢s.Ji d9sY)
biologics iz st d55Y1 o acdse as
Technologies for biologicsiorg s=d! &33¥1 oo adid) Lodl o Jguadl Lr 5

PEGylation Jse bl Jg g (L)) Goladt s
(drug delivery ¢\l clu¥ dlad duydr ddy, kS

Increase in solubility

_________________________________ due to the PEG
A hydrophilicity
et o £ - o
- /'X‘ — Decreased
Increase in size accessibility for
to reduce kidney proteolytic enzymes
filtration and antibodies
Ned,- ! NIRRT R ——— R — = — \\/
el il Ll Ay PEG Jsia 4380 ol
N BOTPNIL LECURSPYRIYL
';.'.‘ i:ij

half-life caaill jee 335 PEGylation

Jod,
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What is doxorubicin liposomal (Doxil)?
Doxorubicin liposomal is a cancer (antineoplastic) medication.
Doxorubicin liposomal interferes with the growth of cancer cells
and slows their growth and spread in the body.
Doxorubicin liposomal is used to treat metastatic

and AIDS-related Kaposi's sarcoma.




In Protein Drug Delivery:

> : PEGylated for use in the treatment of
chronic hepatitis C and

: received approval for the treatment of severe combined
Immunodeficiency(SCID), a disease associated with an
Inheriteddeficiency of adenosine deaminaseytilibaliava eht erofeB .

: PEGylated alpha-interferons for use in the treatment of
chronic hepatitis C and hepatit B(Schering-Plough / Enzon)

: PEGylated L-asparaginase for the treatment of acute
lymphoblastic leukemia in patients who are hypersensitive to the native
unmodified form of L-asparaginase (Enzon).

This drug was recently approved for front line use.

: PEGylated recombinant methionyl human granulocyte
colony stimulating factor for severe cancer chemotherapyinduced
neutropenia  (Amgen)



leading pharmaceutical products by sales worldwide in 2022 dn billion U.S. dollarsi

Product name (Company) Sales in billion U.S. dollars
Comirnaty (BioNTech/Pfizer) AR R COVID-19 & 40.8
Spikevax (Moderna) AERR COVID-19 z\4!21.8

aifilag ! (adalimumab ) Al salal 3a 21,6

Humira (AbbVie) Yooy

Keytruda (Merck & Co.) Odayw Yoo YPembrolizumab 4wl salal Ma21

COVID 4allaal  YoYY  (sliasS) cliyiall s 19

Paxlovid (Pfizer) 19  nirmatrelvir/ritonavir

Eliquis (BMS) Apixaban Yooh A5 alaa: (apixabansbes ) @l j5.a11.8

emtricitabine/tenofovir (sbas) <lijall 2210.4

Bi i Bi i . . .
iktarvy (Gilead) Bictegravir YAt 5aN) daled  alafenamide

Eylea (Bayer/Regeneron 48l dalaa YoV e aflibercept (s 10.3
Stelara (Janssen Biotech) 2013 bl s3a) s Ldralidallaal 10.1

Revlimid (BMS) lenalidomide Yoot akih Sl ) sdalea) sl ) il all sial0
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inflammatory bowel disease (IBD).
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Regulatory agencies in the United States (Food & DrugAdministration, FDA)
and Europe (European Medicines Agency, EMEA) have adopted the terms
“follow-on biologic” and “biosimilar” respectively
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