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Despite belonging to a relatively new class of pharmaceuticals, biological drugs have been used since the 1980s, when they
brought about a breakthrough in the treatment of chronic diseases, especially cancer. They conquered a large space in the
pipeline of the pharmaceutical industry and boosted the innovation portfolio and arsenal of therapeutic compounds available.
From 2015 to 2021, the number of drugs included in this class grew over this period, totaling 90 approvals, with an average of

13 authorizations per year.

Food and Drug Administration FDA approvals monoclonal antibody antibody—drug conjugate

biological drugs

| 1. Introduction

Biological drugs (or biopharmaceuticals) derive from living organisms. They are highly selective, high-cost, typically
susceptible to microbial contamination, and generally temperature-sensitive drugs. They can also be used as advanced

alternatives when conventional synthetic drugs no longer have the desired effect [,

Biopharmaceuticals can be isolated from microorganisms, humans, animals or they can be isolated from compounds of
nucleic acids, sugars and proteins. Here, we will address authorizations given by the U.S. Federal Drug Administration (FDA)
to biologicals classified as monoclonal antibodies (mAbs), antibody—drug conjugates (ADCs), and proteins, which encompass
enzymes and hormones . All product references cited in this work hold a Biologics License Application (BLA) number.

Although we will not include biosimilars in the quantitative analysis, they will be briefly commented on.

Advances in biological drug development by the pharmaceutical industry have given rise to new treatments to meet urgent
medical needs, among them cancer. For example, regarding biologicals to treat diseases like cancer and autoimmune
conditions, in 2014, four mAbs were indicated for cancer. More recently, in 2020, this figure had doubled, with eight mAbs for
the treatment of this disease, while in 2021 there were five mAbs for this purpose. In the context of autoimmune diseases, in
2014, there was only one mAb and one enzyme approved, while in 2016 there were two mAbs, and in 2017 four B4, |t was
only from 2015 onward that the number of approvals of biologicals per year jumped to a 2-digit figure as prior to 2015 such

approvals did not reach 10 per year.

| 2. Timeline for FDA-Approved Biological Drugs

The data collected in the present work point to an undeniable growth of biological therapies. In the period from 2015 to 2021,

the FDA authorized new mAbs, ADCs and proteins. Of note, the total number of approvals remained in double figures every

https://encyclopedia.pub/entry/28078 1/10



Biological Drug Approvals by the FDA in 2015-2021 | Encyclopedia.pub

year except 2016, in which only seven biopharmaceuticals, all mAbs, were approved (Figure 1). Analysis of the data also

revealed the prominence of the authorization of mAbs compared to other biologicals.
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Figure 1. Biologicals approved by the Food and Drug Administration (FDA) from 2015 to 2021 ZISIEITIEISILLL]

The number of mAbs authorized each year between 2015 and 2021 has never been below 50% of total approvals (2015,
69.2%; 2016, 100%; 2017, 76.9%; 2018, 64.7%; 2019, 53%; 2020, 80%; and 2021, 57.1%). The next category of drugs in

terms of the number of approvals in this period is enzymes (11%), followed by ADCs (10%), proteins and fusion proteins (6%),

and finally hormones (3%) (Figure 2).
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Figure 2. Percentage of new biopharmaceuticals approved by the Food and Drug Administration (U.S. FDA) from 2015 to
2021 [2lZI8eIoNal].

| 3. Therapeutic Indications
3.1. Cancer

Considering all the therapeutic targets found, the approvals of biopharmaceuticals for the treatment of cancer are highlighted
in the period 2015-2021. A total of 32 biologicals were authorized for the treatment of a variety of cancers (cervical cancer,
lymphomas, leukemias, and other blood cancers, lung cancer, endothelial cancer, sarcomas, carcinomas, breast cancer,
multiple myeloma, neuroblastoma, skin cell cancers, among others). Of these, 62.5% (20) are mAbs, 30% (9) ADCs, and
9.37% (3) fall into the class of proteins (proteins and enzymes). Of note, the biologicals for the treatment of different types of
cancer varied greatly from year to year, although mAbs were on the rise. In this context, in 2015, four out of the nine approved
mAbs were for cancer, and in 2016 all six mAbs were for this indication. In 2017, of the three biopharmaceuticals for cancer,
two were mAbs and one was an ADC. In 2018, of the five approvals for cancer, only two were mAbs, one was an ADC, and
two were proteins. In 2019, of the four approvals for this indication, only one was a mAb, while the remaining three were
ADCs. In 2020, six mAbs and two ADCs were authorized for the treatment of this disease. In 2021, only one mAb was

approved, while two ADCs and one enzyme received the green light.
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3.2. Mechanisms of Action and Therapeutic Indications of ADCs and mAbs for Cancer
3.2.1. mAbs for Cancer

Both 1gG1k Daratumumab Darzalex™ and the IgG1 Isatuximab Sarclisa™ bind to CD38 1213l | jke other conventional
medicines, biologicals can undergo changes. One example is Darzalex™ (given intravenously), which was modified and
approved in 2020 as Daratumumab and hyaluronidase (Darzalex Faspro™) (given subcutaneously), the latter containing the
same combined human mAb with a recombinant human enzyme called hyaluronidase, which enhances the absorption of
injectables, allows faster infusions, and a lower rate of reactions related to infusions 4. Both Darzalex™ and Darzalex
Faspro™ target CD38. Approved by the FDA in 2005, human hyaluronidase injections alter the permeability of human tissue,
and they are used as an adjuvant to improve the characteristics of injectables 2. Other examples of mAb modification
include Rituximab and hyaluronidase (Rituxan Hycela™), approved in 2017, also given subcutaneously. However, it was first
approved back in 1997 by the trade name Rituxan™, being administered intravenously 8. Trastuzumab and hyaluronidase
(Herceptin Hylecta™) (12l and Pertuzumab, trastuzumab, and hyaluronidase (Phesgo™) 13 underwent the same modification
with the addition of hyaluronidase, both being administered subcutaneously and both for breast cancer. Margenza™ is
directed at the same target, HER2, for breast cancer 28 and all breast cancer biologicals currently on the market were
approved between 2019 and 2020.

Lartruvo™ was the only drug approved for soft tissue sarcoma during the period of interest 22, Tecentrig™, Bavencio™ and
Imfinzi™ have the same target (PD-L1), and all three are biologicals that can be used to treat the highest number of different
types of cancer [20[21[22] portrazza™ targets EGFR, and Rybrevant™ has the same target plus the MET proto-oncogene.
Therefore, Rybrevant™ is the only bispecific mAb for cancer approved to date (23124 Another breakthrough in the period
2015-2021 was Poteligeo™, a first-in-class biopharmaceutical that targets the CC chemokine receptor 4 (CCR4) 23, |n this
period, we found four biologicals approved for multiple myeloma, but one of them (Empliciti™) has a distinct mechanism of
action in that it binds to the cell surface receptor signaling lymphocytic activation molecule F7 (SLAMF7), whereas
Darzalex™, Darzalex Faspro™ and Sarclisa™ target CD38 [12I[23114]

3.2.2. Antibody-Drug Conjugates

Enfortumab Vedotin Padcev™ is the first biological to target the protein Nectin-4 (28], Tisotumab Vedotin Tivdak™ is a
Biological specific for tissue factor (TF-011) and Polatuzumab Vedotin Polivy™, an antibody whose target is the CD79b (a
component of the B cell receptor). These three ADCs, which have different targets but the same suffix Vedotin, carry the same
drug, namely monomethyl auristatin E (MMAE) [Z7[28129] MMAE is released into the cell after binding to the target, with
subsequent induction of cell apoptosis by the drug, which also inhibits mitosis. These drugs also have different types of
linkers. For example, the linker in Padcev™ is the protease-cleavable maleimidocaproyl valine-citrulline 28, while Tisotumab
Vedotin has a Valine citrulline linker, which is also protease-cleavable 28], |t is interesting how these ADCs carrying MMAE
have such unique targets, a feature not seen among mAbs.

Fam-Trastuzumab deruxtecan Enhertu™ targets human epidermal growth factor receptor 2 (HER2) for the treatment of
gastric cancer, breast cancer and gastroesophageal junction adenocarcinoma. Its ligand is a topoisomerase inhibitor, which
blocks DNA replication 17, Sacituzumab govitecan Trodelvy™, indicated to treat solid tumors, has the hydrolysis-cleavable
CL2A as the linker, and it also carries a topoisomerase inhibitor Y. oncastuximab tesirine Zynlonta™ includes an antibody

against CD19. This antibody carries the antitumor drug pyrrolobenzodiazepine, and its linker is protease-cleavable (1],
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Besponsa™ has a linker that can be cleaved by acid B2, Enhertu™ has a protease-cleavable tetrapepitide linker L7331,
Trodelvy™ has the hydrolysis-cleavable CL2A as linker Y. The linker present in Zynlonta™ is also protease-cleavable 31

while that of Blenrep™ is maleimidocaproy! 241,

Besponsa™ and Lumoxiti™ target CD22, but they are indicated for different types of cancer B33 They carry distinct
drugs/toxins, Besponsa™ carrying Calich-DMH, an antitumor antibiotic produced by a bacterium, and Lumoxiti™ being
conjugated to a fragment of Pseudomonas exotoxin, also found as PE38. When internalized, PE38 stimulates apoptosis and

the inhibition of protein synthesis.

In 2015 and 2016, no ADCs were approved, while 2017 and 2018 registered the lowest number of authorizations of these
drugs in the period of interest. In 2019, the highest number of approvals for ADCs were for the treatment of three types of
cancer. In this regard, Padcev™ was authorized for the treatment of metastatic urothelial cancer 28, Polivy™ for diffuse large
B-cell lymphoma 29, and Enhertu™ for breast cancer 4. Then, the following two years registered two approvals each year.
Thus, in 2020, Blenrep™ received the green light for the treatment of multiple myeloma 24 and Trodelvy™ for metastatic
triple-negative breast cancer B9, In the following year, Zynlonta™, another drug for the treatment of large B-cell Lymphoma
(311 \was approved, as was Tivdak™ for metastatic cervical cancer [28],

| 4. Autoimmune Diseases

The biologics for autoimmune diseases (psoriasis, plaque psoriasis, psoriatic arthritis, multiple sclerosis, myasthenia gravis,
lupus erythematosus, rheumatoid arthritis, ankylosing spondylitis, Crohn’s disease, ulcerative colitis, and neuromyelitis optic
spectrum disorder) in the period of interest included 13 biologics, 12 of which were mAbs, and a new class of biological,
namely an antibody fragment (Efgartigimod alfa Vyvgart™), which is detailed in Table 1.

Table 1. Biopharmaceuticals for autoimmune diseases approved by the Food and Drug Administration from 2015 to 2021.

[42]

Active Ingredient mAb Class Targets/Mechanism of AO rlgg‘vﬂl Manufacturer Therapeutic
and Trade Name Action plgate Indication
Cosentyx™ N ’ Plague
(Secukinumab) & Human IL-17A inhibitor 2015 Pharn:)a\\/c?erlﬁicals psoriasis, Psa,
[36] and AS
Zinbryta™ Multiole
(daclizumab) 7 Humanized IL-2R inhibitor 2016 Biogen Inc P .
(38] sclerosis
Taltz™ Eli Lil d Pl -
(ixekizumab) B2 Humanized IL-17A inhibitor 2016 'Ly an aque psonasis
39] Company and Psa
Tremfya™ .
(guselkumab) (8 Human IL'zsini?gi tl;—l?A 2017 JansserncBlotech, Plaque psoriasis
[40]
Ocrevus™ Multiple
(Ocrezilumab) 1] Humanized Anti-CD-20 2017 Genentech, Inc P
sclerosis
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. . . Original .
Active Ingredient Targets/Mechanism of Therapeutic
and Trade Name LS Action Apg;:):al e Indication
Kevzara™ R Sanofi-Aventis U.S Rheumatoid
(sarilumab) [41][43] Human IL-6 inhibitor 2017 LLC arthritis
Silig™ IL-17A, IL-17F, and Valeant
(brodalumab) (4] Human other IL-17 isoform 2017 Pharmaceuticals Plaque psoriasis
[44] inhibitors Luxembourg S.a.r.l
llumya™
(tildrakizumab) [45] Humanized IL 23p19 2018 SUIHETIE S Plaque psoriasis
(46] FZE
Sl Plaque psoriasis
(risankizumab) a7 Humanized IL-23p19 inhibitor 2019 AbbVie Inc. que p
(48] and Psa
Uplizna™ Horizon
(inebilizumab) [49] Humanized Depletes CD-19 2020 Therapeutics Ireland NMOSD
(501 DAC
Enspryng™
(satralizumab) (1] Humanized Anti-IL -6R 2020 Genentech, Inc. NMOSD
[51][52]
Saphnelo™ : iseases.
(anifrolumab) 2 Human Blogks the action of type 2021 AstraZeneca AB Lupus
53] 1 interferon receptor erythematosus
Vyvgart™ Human Generalized pels
e . monoclonal Neonatal Fc receptor .
(efgartigimod alfa) . 2021 Argenx BV myasthenia
[2][54] ARGX-113 fc antagonist ravis
fragment : itional

Study. J. Family Med. Prim. Care 2020, 9, 105.

4. U.S.A. Food and Drug Administration Novel Drug Approvals for 2014. Available online:
https://www.fdanews.com/ext/resources/files/01-15/01-02-15-Dru -Aplerovals-z_o_l4.pdf?152089289_6
IL—Interleukin; CD—Cluster of Differentiation; Psa: Psoriatic Arthritis; NMOSD: Neuromyelitis Optica Spectrum Disorder.
(accessed on 7 September 2022).

6f Wesmpovdla et auieigmdneibisradior FDACE s K261t B Ap P6& A FSRIRK e RRON e IF UlRAIaliedslasis, and

psasalineartitits:/ Ruoda!fazan ovilisdtvis dudicainsk des mpgearcdomeeuertdalastg lesadesiefate AV iimIdrug acts by

antagemniingetee IL-17A Receptor, Cosentyx™ and Taltz™ antagonize the pro-inflammatory cytokine IL-17A, which plays a

roleifugporiasintamd REAEIET, 2othelentl. TIeRFIFYodssd antheiseatesn oareuins/sRde 2% 20 Rl RNDFPD At rican:

blogkg tessgetilinof BeptienbekinDdR)23, IL-17A) that are overexpressed in these diseases 42 Tildrakizumab llumya™ is

an lgGl antibody that selectively binds to interleukin-23-p19 (IL-23A pl9) Mﬁ_ and, through the same mechanism,

6. U.S. Food and_Dru%Ad_mlnlstratlon Novel Drug Approvals for 2015. Available online:

Risankizumab Syrizi™ also binds to the same p19 subunit of this interleukin. In some countries, there are trials underway to

https://www.fda.gov/drugs/new-drugs-fda-cders-new-molecular-entities: -new-therapeutic-biological-
evaluaee Risankizumago for theqreatment of Crohn’s disease and ulcerative colitis %@Jﬂ%} P g

products/novel-drug-approvals-2015 (accessed on 7 September 2022).

rﬁorﬁﬁéibﬁ“ﬂﬁfaﬁéﬁﬁ@m%%ﬂé in 2016. An Analysis of FDA Drug Approvals from a

Perspective of the Molecule Type. Molecules 2017, 22, 368.

'8 e PHRSHRY e RThSBI6, e RRE B T FALaTRiARP AU StHPRF G P AT RAGIDRIS GBI WA B AT eI S HHERE
tWOtILféf%rQB@éti\% 61{%|8E[9%rs!:%m%/§(é6}[%)’szf§,r %tlreatment of migraine, three are humanized mAbs and only

one is fully human (Table 2). The humanized ones, Vyepti™, Emgality™ and Ajovy™, have the same mechanism of action. In
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Wisdedardptirey Bir@.joAlERiRi @, Fotdites &lodimac @uticaliingit Sy indhe iy Anthenalysisoo PRERDr irgcApipasy @ie fully
hurfranattieoBRerspective bihiatecdes Ryiolectltsy20d #hakbuBO®om binding to the receptor 69,

10. de I, [90'S: Kosotlonay aniioniec for miGiaMa approeed by the Eobd anth brig Ab R aton Tom 308 1§ BE3Ya!s

from the Perspective of Molecules. Molecules 2020, 25, 745.

1 Active Ingredient and Target/Mechanism of Original

A vals
Trade Name e Action Approval Date Manufacturer
Emgality™ Humanized CGRP antagonist 2018 Eli Lilly and C
1 (Galcanezumab) 4sli60 umanize antagonis i Lilly and Company
Ajovy™ (Fremanezumab) . . Teva Branded Pharmaceutical
1
[45][59] Humanized CGRP antagonist 2018 Products R&D, Inc.
ari .
1 Aimovig™ (Erenumab) 42! " CEETT st 2018 A | *rina, D.;
[60] uman antagonis mgen, Inc. efractory
Vyepti™ (Eptinezumab) . . Lundbeck Seattle
1 [11][57] Humanized CGRP antagonist 2020 E Ty e

Rahman, N.A.; et al. FDA Approval Summary: Pertuzumab, Trastuzumab, and Hyaluronidase—Zzxf

Injection fopSRPCHARGAS Skt RAALS BS-MILD EERH= ORI RIEARL RBAKT FelifadR0GSH R es- 2021, 27,
2126-2129.

10" MsiamayAYT RS ¥erR SRR H AR Hid4Oe it KRR U RA) VSR PHAMTES o8N 7080 [ 8021 Dupixent™ is an

antibody directed against the a subunit of the iqterleukin 4 receptor (IL-4R-0) (1 and the Tezsipre™ blocks thymic stromal
%Zm‘éﬁ@ﬂ@i@?&ﬁ&%‘,%ﬁ\@hﬂ%@? EU%(E?CE%IE '5%&1‘?1%0@@ PJH%[%Q%O1T§9‘I’GSS%:!’T]_65 8§riod, three humanized antibodies

1R cRivak g EenViahl dbukinvas ey uspipriatld Dinggir 202E, 8AbsggaipelL-5 L4IE3], while Fasenra™ acts by binding
to the a subunit of the receptor of IL-5 ﬁIL-SR-a) (63](66]

19. Shirley, M. Olaratumab: First Global Approval. Drugs 2017, 77, 107-112.

20Tabied, Monaplangh Rikastigsifer &itinid Apshsevele Betigrr 2P Ve, by38e-Eegd@nd Drug Administration from 2015 to

2021.
21. Markham, A. Atezolizumab: First Global Approval. Drugs 2016, 76, 1227-1232.

o Active Ingredient and mAb Class TargetIMec_hanlsm of Original Manufacturer
Trade Name Action Approval Date
2 Nucala™ . .
(Mepolizumab) [6][64] Humanized IL-5 2015 GlaxoSmithKline LLC
2
Cingair™ Humanized IL-5 2016 Teva Respiratory LLC
2 (Reslizumab) [37][65] umanize 9 eva respiratory .8, 36,
Fasenra™ .
p (Benralizumab) [41][66] Humanized IL-5R-a 2017 AstraZeneca AB "ong 5.
S , P
Dupixent™ Regeneron
(Dupilumab) 421611 Human IL-4R-a 2017 Pharmaceuticals, Inc.
2 Tezsipire™ H Blocks TSLP 2021 AstraZ AB ke, C.;
(Tezepelumab) [2163] uman OCKS straZeneca 1 1N
ioma. N.

Eng. J. Medic. 2021, 384, 1125-1135.
28. Markham, A. TidetlnedpWyiad 8iR-GilfeAgyiriovaeceniay s, 2030 § by picadtromaiiymphopoietin.

29. Deeks, E.D. Polatuzumab Vedotin: First Global Approval. Drugs 2019, 79, 1467-1475.
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30n&Epeé they RéySapiteru of dlioGgicHBcanhEiir plofenited Ve . th uga 220 08 0ark0diSedd@25 such as type 2 neuronal ceroid

ISR EoMBEN SRR YERIE FPSRERB ST 1R 8 5081 81 mpssgopsispion to vision faiure. The diagnosi
of this condition can be delayed due to the similarity of symptoms with other diseases. This disease causes blindness in

SchilbAMba YehledDOSHEH MRAP Q7 ARRBCHT EUSL CHRALATRAIQY il rsest8 Alsinier bEAFTISLSr initial studies B2, For

s fiseage nalsg, g RS RANENS Sissaser 2 A RIPOAIERL ARG TRYINE HSEPIBEIRRE BlfadRineHris), Y4 approved
durtag st PEeg of interget g

SthdvirxhamiopicBelnriamah MalodatinnfaibsiAmeieval. kg 89 20iB30zd SR mkShiist of the COVID-19 pandemic
3BryANIGA, FCRITARH HBMABBAA ARG RGBS AR IHATGsIPE e Stydieq 78RICh Afpwed that the drug is

associated with a decrease in beta-amyloid plaques. However, these studies have not proved satisfactorily that the drug

S;ge'lallaylg1 i(':’b'g_|n'|'ﬁ\'/esgr§:éJ h}r’?&@r‘?‘ﬁ :d%clﬁr?r—y llﬁvﬁa/al ieﬁ sov(/ilﬁa[i}-:\lgfrwg\i/y%DRrgL%Sm%s%zoerSSO ’bﬁ%&ﬁéﬁé to treat AD will soon emerge,
3Juch & AeFusthab D Ry raherirabtratich RievelBnily Aptheotesiinto pREES Hoveai@hl¢hesdineo drugs still need further
supipeping \winedd avisenrug sipmnetiruds- tiducasreaeanteiteuthe-ertities BEIF WA shenetientd-bivlieyidad- EMA
withgheduviheding | adithorapmo el sR0asufaaeessed on 7 September 2022).

70073015 dHEITIE ibiodr TR Matdd Wb Se 3 AR NG T AR HS B O LA GHQ0s 1OBHARE G E AR ),
PsABYRISRERYRIS AR TUNSRUGHIAE TS BN ROl AR YDA BRI REF UIMRNh 83 R stronidase
aIfaTr%tégg\ﬂF%Eragngg%r %%%%%&%M%H{?cle ﬁ&lg{s? Si%‘u%gl%%%ide?yss%t%]”%, 7‘n%§r‘otrophic keratitis (Cenegermin

xepatedakdpautesisthiR HRRUAGaIMUMgharmgarzorélmiedy kesiivuim (e gvitiateuRaly 1747 Antagonisty. IRoveiay of
fineHffieacyrabelBafetiodutbnivess! i) Reali ol d@intic 4 Praptcitan) SCoreya MetorSurysa0@gopB, Ikdrols/T), and

Ebola virus (Atoltivimab, Maftivimab, and Odesivimab Inmazeb™ and Ansuvimab Ebanga™), among others. Within the
40. Markham, A. Guselkumab: First Global Approval. Drugs 2017, 77, 1487-14927 " _
context of ‘biological treatment’, it can be concluded that one of the perspectives is to increasingly promote options for the

4ledthrA oF 0 B &ty ver dilnirisdsation INeMe) FArdgdvapisnedi8for 2017. Available online:
https://www.fda.gov/drugs/new-drugs-fda-cders-new-molecular-entities-and-new-therapeutic-biological-

I eroeaﬁrgrﬁléiimprovals—2017 (accessed on 7 September 2022).

42. Frampton, J.E. Ocrelizumab: First Global Approval. Drugs 2017, 77, 1035-1041.
The period 2015 to 2021 witnessed a growth in FDA approval of biologicals in general, with mAbs being the class with the

4é3ré§t%(s){tprlé'§]énscgrill'){mﬁgb :tflﬁisrsp}eﬁcl)gpﬁléb‘ RH%%\(/-:‘?I'O ar1H %r?z% |Zhs7 Z)f El%%ﬁgrlnga'ceuticals remained in the double figures,
Jexcepfid) ROBrodadunaaly: SEverFiveteAgiviel they dRertelor. Ageryefos P8Riasis 208198 Tod ah RO Lansd;raBe. variation,

with one less biologi%?l being approved in 2021 than in 2020, while 2018 was the year with the highest number of approvals.
45, U.S.A. Food and Drug Administration Novel Drug Approvals for 2018. Available online: _
Of note, even in the midst of the COVID-19 pandemic, the potential for these therapies to receive approval remained, steady.
https://www.fda.gov/drugs/new-drugs-fda-cders-new-molecular-entities-and-new-therapeutic-biological-

Bio%@qgaLfCrtﬁég%}f\eelédsrHgﬂ/aRBhO\égfgég\%ySa@& %?gsns %%rggtiﬁtysg%egr]g Gt‘ﬁezrg%%g valuable. Their versatility is reflected in
diedinpdicktsatratAamiiel fakiz timatke dFing Glb baoAjsprovale Disegs20lN?8; 843haopurposes such as the treatment of

frown lines. These drugs offer 8reat potential to be exploited for other therapeutic indications beyond what they were initially

47. U.S.A. Food and Drug Administration Novel Drug Approvals for 2019. Available online: )

authorized for. In this regard, they offer a solid starting point from which to explore their capacity in clinical trials. For.example,
httﬁs://www.fda.gov[drugs new-drugs-fda-cders-new-molecular-entities-and-new-therapeutic-biological-

over the years, newcﬁappllcatlons have been discovered for Adalimumab Humira'", and today this drug has more than ten
products/novel-drug-approvals-2019 (accessed on 7 September 2022). _ )

therapeutic indications liSted In the directions of use %2, Daratumumab Darzalex'" is also undergoing evaluation for other

4§pddcifangeeKinbugen refciigankiglamai: frsHedghalsARPIpNeW LAY $ABE Lahr%%I88 Ie9€hjugated to toxins or
441g5 &ilo #to%o&ngﬁ%}% RAnisTUeER A rN&%ﬁ“ﬁFﬁ@%Bﬁ%ﬁﬂé RbRYIE3Y RDNZG iR other tissues 2

https://www.fda.gov/drugs/new-drugs-fda-cders-new-molecular-entities-and-new-therapeutic-biological-
Between 2015 and 2021, in addition to the increase in the number of drug a%provals, several breakthroughs and innovations
Eroducts/novel-drug-approvals-202 accessed on 7 September 2022). _ _
took place, such as Aducanumab Aduhelm™: although still controversial, and al$o Tagraxofusp Elzonris™, which the FDA

SéraftamptosadiE ofneRiliaHmaly WrieAppiievakdasdgsid0it18Wel whfeskd84he authorization of a different class of
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BﬂioIH@OaIY.Eﬁgaﬁwjradidlﬂﬁabiﬁbstt%paiovalhiiEﬂ)’d@g:ﬁr&@ﬁ@ntS@;ailhT%—hésZ)rphan Drug status B4l and the bispecific

: ™ .
o DEGIRRIEY 1. KRR PeR RLIeTeS! BSTRIEY Sl Sibany, e YeReoln SRR IRS B PR G8s/
of '%erﬁStgem" 2 Yar%%zRgEreV rltet al. Trial of Satralizumab in Neuromyelitis Optica Spectrum Disorder. N.

J Med. 2019, 38 114-2124.
Howe , one oq the great c%al%nges or thé development of biopharmaceuticals is the high technology required to produce

SBe&2edkyy <L Whidnifnakenaberkirginp ppravaiverugs BERYe 8thaf 71855@802ar future, this class of drugs will become
Hcrﬁasmq}y &Cﬁfsgsét}ﬁg?rrﬁ% 8e\a—llr rtug\sp [\Svr"cl)\Pael dﬁragg%%ergg\’/%;n_mgé%gosimilars will become accessible thanks to the
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