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Abstract: The Food and Drug Administration approved 59 new drugs (42 New Chemical Entities
and 17 Biologics) during 2018. This number breaks the previous record of 53 approved by the same
organization in 1996. The 17 new biologics approved in 2018 also represent an important milestone
for this kind of drug and they clearly exceed the 12 approved in 2015 and 2017. Herein, the 59 new
drugs of the class of 2018 are analyzed from a strictly chemical perspective. The classification has been
carried out on the basis of the chemical structure and includes the following: Biologics (antibodies
and enzymes); TIDES (peptides and oligonucleotides) and natural products; drug combinations; and
small molecules.
Keywords: antibodies; API; biologics; chemical entities; drug discovery; fluorine based drugs; natural
products; oligonucleotides; peptide; TIDES; small molecules

1. Analysis
2018 stands out as a year in which the number of new drugs approved by the Food and Drug
Administration (FDA) broke a record. In this regard, 59 new drugs (42 New Chemical Entities (NCE)
and 17 Biologics) were approved, exceeding the 53 authorized in 1996 (47 NCEs and 6 Biologics) [1].
The numbers in 2018 are a continuation of the previous year, which witnessed the approval of 46 new
entities (34 + 12) [1–3] (Figure 1). Will this increasing trend of both kinds of drug continue in coming
years? Analysts are cautious in responding to this question since the approval of a new drug by the
corresponding agencies involves many variables that are difficult to predict [4,5]. Even for this year
(2019), the current shutdown of the United States government could have a negative impact on the
final number of approved drugs if it lasts for an extended period of time.
Taking biologics into account, the 17 approved in 2018 also represent a record, clearly surpassing
the 12 approved in 2015 and 2017. These numbers are a confirmation of the increasing importance of
these kinds of pharmaceutical drug, which in the last five years (2014–2018) account for more than 25%
(59 of 213) of all drugs approved, and therefore the consolidation of these molecules. In contrast to the
excellent performance of biologics, fewer new products were approved by the Center for Biologics
Evaluation and Research (CBER) in 2018 than in 2017 (3 vs. 6) [4,6]. However, in this regard, it is
important to highlight the approval of the first hexavalent vaccine.
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Figure 1. New chemical entities and biologics approved by the FDA in the last two decades [1,4,5].
Figure 1. New chemical entities and biologics approved by the FDA in the last two decades [1,4,5].
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Once again, mAb are the most important class of biologics and even of drugs. In 2018, 11 mAb
were approved, which account for almost 20% of all drugs authorized by the FDA in 2018. This
number exceeds those registered in 2016 and 2017 (7 and 9, respectively), thus leading to the approval
of 27 antibody-based drugs out of a total of 127 new drugs over these three years. Interestingly, three
drugs Erenumab, Fremanezumab, and Galcanezumab are indicated for the migraine prevention.
It is important to draw attention to the approval of three pegylated enzymes in 2018. After
the approval of the highly pegylated peptide peginesatide (OmontysTM ) by the FDA in 2012 and its
later withdrawal from the market a few months later, it appeared that the pharmaceutical sector was
somewhat reluctant to introduce polyethylenglycol (PEG) moieties into their drug discovery programs.
The acceptance of three pegylated drugs in the same year is expected to once again strengthen the
development of PEG-containing drugs.
After the approval of trastuzumab emtansine (KadcylaTM ) in 2013 and inotuzumab ozogamicin
(BesponsaTM ) in 2017—both antibody drug conjugates (ADCs), 2018 witnessed the approval of two
drugs based on the same idea but with a different chemical construction to that of the ADCs. Thus,
moxetumomab pasudotox (LumoxitiTM ) is a recombinant immunotoxin formed by an antibody
covalently bound to a fragment of Pseudomonas exotoxin-A. On the other hand, tagraxofusp-erzs
(ElzonrisTM ) is an interleukin 3-based fusion protein containing the diphtheria toxin. Analysts forecast
that more ADCs or fusion proteins containing toxins will be approved by the FDA in the coming years,
as reflected by the large clinical pipeline of this kind of compounds [7].
TIDES (oligonucleo- and pep-TIDES), which are prepared chemically, stand among biologics
and the so-called small molecules, which are characterized by their tendency to follow the Lipinski
rules. In this regard, 2018 showed a similar trend to 2016, in which three oligonucleotides and one
peptide were approved [8,9]. The approval of patisiran (OnpattroTM ) for the treatment of hereditary
transthyretin-mediated amyloidosis in adults could probably be considered the most impressive
breakthrough of recent years in the drug discovery arena. Patisiran, which is a double-stranded short
interfering RNA (siRNA) encapsulated in a lipid nanoparticle, has met expectations after the discovery
of the RNAi pathway in 1998 (Figure 2). On this occasion, a reasonable period of 20 years has elapsed
between the publication of the first seminal paper and the first siRNA drug to reach the market. Other
RNAi therapeutics are in clinical phases and will presumably be approved in the coming years, thus
extending the medical applications of this technology. For the treatment of the same disorder, inotersen
(TegsediTM ) (Figure 2), which is a single-stranded phosphorothioate oligonucleotide that acts through
an antisense mechanism, was also approved in 2018. The five oligonucleotide-based drugs approved
in 2016 and 2018 are starting to give returns on the large investments made by the pharmaceutical
industry in this field since the earlier 1990s and consolidate these chemical species as an important
class of drugs.
With regard to peptides, 2018 has witnessed the approval of Lutetium Lu 177 DOTA-TATE
(LutatheraTM ), which is used for PET imaging and peptide receptor radionuclide therapy. Lu 177
DOTA-TATE is composed by the cyclic octapeptide (Tyr3 -octeotride) terminated at the N-terminal
with a DOTA chelator, to which Lu-177 is bound (Figure 3). Lu 177 DOTA-TATE is used for the
diagnosis and treatment of neuroendocrine tumors, which overexpress somatostatin receptors and
therefore show a high affinity for Tyr3 -octeotride. Similar theranostics are expected to be accepted by
the agencies in the coming years.
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Figure 2. Structure of oligonucleotide based drugs, patisiran and inotersen.
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In the section of drugs inspired in natural products, 2018 has been a superb year, with 10 drugs
approved, thus revalorizing once again the important role of natural products in drug discovery.
First of all, it is important to highlight three tetracycline antibiotics for several infectious disorders
(Figure 4). In this regard, eravacycline (XeravaTM ), which is indicated for severe intra-abdominal
infections, contains one atom of F (see above for comments about the large number of drugs approved
containing F; F is indicated in green in all structures). Omadacycline (NuzyraTM ) was approved
Figure 3. Structure of Lu 177 DOTA-TATE.
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Two drugs with unrelated chemical structures, glasdegib (Daurismo™) and gilteritinib
(Xospata™) (Figure 19), received approval for the treatment also of acute myeloid leukemia. Including
ivosidenib (see above), three drugs were approved for this indication in 2018.
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Fluorine deserves nomination as the “Atom of the Year”, not only because three out of
ten drugs of the 2018 class contain this atom, but because a total of 49 F are present in the 18
fluorine-containing drugs.
Most small molecule-based drugs contain nitrogen-based aromatic heterocycles such as pyrazoles,
imidazoles, benzoimidazoles, triazoles, and 2-amine-pyrimidine moieties.
As in 2017 [9,10], oncology drugs received the most approvals in 2018, but were followed very
closely by drugs indicated for the treatment of infectious diseases. The efforts of the pharmaceutical
industry to tackle these diseases are paying off, as reflected by the large number of drugs (14) accepted
this year.
Although 2018 was overall a terrific year in terms of the number of drugs accepted by the FDA,
it is important to highlight the increase in the cost of treatments. For many of these new drugs, the
yearly cost is estimated to reach a six-digit figure. Consequently, these drugs will be unaffordable for
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most of the population, even in developed countries with excellent medical care programs. This is a
message to take home.
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