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Despite several innovative medicines gaining worldwide approval in recent years, there
are still therapeutic areas for which unsatisfied therapeutic needs persist. For example,
high unmet clinical need was observed in patients diagnosed with type 2 diabetes
mellitus and hemophilia, as well as in specific age groups, such as the pediatric
population. Given the urgent need to improve the therapy of clinical conditions for which
unmet clinical need is established, clinical testing, and approval of new medicines are
increasingly being carried out through accelerated authorization procedures. Starting
from 1992, the Food and Drug Administration and the European Medicines Agency
have supported the so-called Early Access Programs (EAPs). Such procedures, which
can be based on incomplete clinical data, allow an accelerated marketing authorization
for innovative medicines. The growth in pharmaceutical research has also resulted in the
development of novel therapeutic approaches, such as biotech drugs and advanced
therapy medicinal products, including new monoclonal antibodies for the treatment of
asthma, antisense oligonucleotides for the treatment of Duchenne muscular dystrophy
and spinal muscular atrophy, and new anticancer drugs that act on genetic biomarkers
rather than any specific type of cancer. Even though EAPs and novel therapeutic
approaches have brought huge benefits for public health, their implementation is
limited by several challenges, including the high risk of safety-related label changes
for medicines authorized through the accelerated procedure, the high costs, and
the reimbursement and access concerns. In this context, regulatory agencies should
provide the best conditions for the implementation of the described new tools.

Keywords: clinical research, early access programs, novel therapeutic approaches, unmet medical needs,
challenges
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INTRODUCTION

The development of a new medicine is a long, expensive and
risky process. The entire time that passes from the R&D phase
until the drug’s marketing approval can last up to 15 years, and
it is characterized by extremely high costs, usually exceeding
$1.2 billion (Saadi and White, 2014). At the initial phase, before
clinical trials can be carried out in humans, preclinical studies on
animals, which are mainly aimed to characterize the mechanisms
of action, the toxicity, the dosage or route of administration of
the new medicine, are provided (Andrade et al., 2016). Based
on the positive results of preclinical research, the new drug can
be evaluated in humans during the four main phases of the
clinical development. In particular, phase I–III studies are those
that evaluate the efficacy and safety profile of the new drug
in humans until the marketing authorization. Differently from
phase I studies, which involve healthy patients and whose study
design is relatively simple, phase II and III studies enroll patients
affected by the disease for which the new drug is indicated,
and are characterized by a more structured study design, which
is usually randomized and controlled (randomized controlled
trials, or RCTs). Once the new medicine is authorized, based
on data demonstrating the positive benefit/risk profile, the real-
world effectiveness and safety of the drug is assessed during
phase IV studies (Auricchio et al., 2017; Mascolo et al., 2017).
In this last phase, pharmacovigilance is included. Therefore, the
“clinical value” of a new drug is observed during a rigorous
clinical program, in which it is compared with the best available
treatments, if they exist (Morgan et al., 2008). Apart from the
traditional design of RCT, in recent years further study designs,
including umbrella, basket and platform trials, were developed
and applied to new therapies, especially in the area of oncology
research (Simon, 2017). The reason for the introduction of these
new study designs lies in the discovery of cancer genomic features
and consequently in the development of target therapies able to
recognize specific oncogenes.

Despite RCTs representing the highest level of the evidence-
based medicine pyramid, they suffer from several limitations
in predicting effectiveness, which mainly include the limited
duration, the highly controlled setting, and the exclusion of
frail populations, including children, the elderly, pregnant
women, as well as patients affected by multiple diseases and
those receiving concomitant medications (Wang et al., 2018).
Furthermore, during the premarketing phase, the efficacy and
safety data are frequently evaluated using a non-inferiority or
equivalence study design and surrogate outcomes. Considering
these limitations, the real value of a new drug can be
confirmed only when it will be used in real life conditions
(Oyinlola et al., 2016).

UNMET CLINICAL NEEDS AND EARLY
ACCESS PROGRAMS

Generally, the main objective of the development of a new
medicine is to respond to an unmet medical need (Kaplan
et al., 2013; U.S. Department of Health and Human Services,

2014). Indeed, when a new medicine obtains the marketing
authorization, the respective regulatory agency performs a global
evaluation of the clinical benefit associated to the new drug
as well as an evaluation of the therapeutic need. This latter
action is carried out through the analysis of the global burden
of the disease for which the new drug is indicated and the
prediction of the trend of the disease’s burden. Both evaluations
are based on epidemiological and demographic data. Those
assessments include the evaluation of the Disability-Adjusted Life
Year (DALYs), which is a measure of mortality and disability
associated with a clinical condition, and the efficacy and safety
profiles of medicines already available for treating that disease.
In addition, unmet clinical need is further demonstrated when
the new drug has significant effects on serious outcomes, if
it demonstrates efficacy in patients who do not tolerate or
do not respond to the available drug therapies, and better
safety/compliance/drug-drug interactions profiles (Ujeyl et al.,
2012). Although several innovative therapies were recently
approved worldwide, there are still therapeutic areas for which
unsatisfied therapeutic needs persist (Figure 1). Indeed, the so-
called “white spots” – clinical conditions for which no efficacious
treatments are approved – still exist among pharmaceutical
pipelines (Papaluca et al., 2015). For example, a high unmet
clinical need was observed in patients diagnosed with type 2
diabetes mellitus (T2DM), which represents an increasing health
concern worldwide and is a leading risk factor for cardiovascular
diseases. Bennett et al. (2014) evaluated outcomes in T2DM
patients in United Kingdom general practice and described the
unmet clinical need in T2DM as the failure to meet targets for
blood pressure, total cholesterol, or glycated hemoglobin levels.
The authors suggested that conventional therapies for T2DM are
not able to manage all the clinical aspects of this condition; thus,
there is a need for new therapeutic agents in order to alleviate
the health and economic burden associated with T2DM (Bennett
et al., 2014). Unmet needs were identified also in the management
of hemophilia. Indeed, even though several improvements were
made in this field, the development of inhibitors, namely the
immune response that occurs in patients treated with clotting
factor concentrates, negatively affects treatment (Dargaud et al.,
2016). A high rate of unmet clinical needs is also found in specific
age groups, such as the pediatric population. For these patients,
the lack of data from the premarketing development, including
the lack of age-specific dose and long-term efficacy and safety
data, has significant impact on pharmacological treatments. This
is particularly true in the case of psychiatric disorders, which still
represent a challenge in children and adolescents (Pozzi et al.,
2018; Rafaniello et al., 2018). Indeed, drugs indicated for these
conditions are frequently used as off-label in children, based on
data from RCTs that have involved only adult patients (Capuano
et al., 2014; Persico et al., 2015; Rafaniello et al., 2016). Similarly,
the therapeutic area of respiratory diseases, such as asthma, still
represents a concern for children. Once again, this is mainly
related to the lack of clinical efficacy and safety evidence, but
also to the limited availability of non-steroid-based alternative
therapies for children < 6 years of age (Lindly et al., 2016).

Given the urgent need to improve the therapeutic
armamentarium of particular clinical conditions for which
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FIGURE 1 | Main unmet medical needs in therapeutic areas.

unmet clinical need is confirmed, clinical testing and approval of
new medicines are increasingly carried out through accelerated
authorization procedures. As a matter of fact, both the Food
and Drug Administration (FDA) and the European Medicines
Agency (EMA) have supported the so-called “Early Access
Programs” (EAPs). Since 1992, the FDA has introduced the
“Priority Review” or “Fast Track,” designed to make available
new drugs for the treatment of serious or life-threatening
diseases (conditions associated with morbidity that have
significant impact on specific factors, such as survival or day-
to-day functioning) without therapeutic alternatives. For these
drugs the “breakthrough designation” can be expected. The
FDA’s “Fast track” imposes on the pharmaceutical company
lower standards than the regular procedure (U.S. Department of
Health and Human Services, 2014). Similarly, in the European
context, specific regulatory procedures, including approval under
exceptional circumstances as well as conditional and accelerated
approval, have been introduced in order to accelerate the
marketing authorization of a new drug. With such procedures,
the marketing authorization application should be based on
incomplete clinical data (even data from phase II studies), and its
evaluation can be reduced from 210 to 150 days if the applicant
provides sufficient justification for an accelerated assessment
(Figure 2; European Medicines Agency, 2018). Furthermore,
the EMA has recently introduced new tools to support the
EAPs, Adaptive Licensing and PRIority Medicines (PRIME).
The first one is a prospective authorization process that allows
an initial approval based on limited scientific evidence only for
a small group of patients. When further evidence is collected,

the drug’s access can be expanded to larger patients’ populations
(Vella Bonanno et al., 2017). In 2016, EMA implemented
the PRIME scheme, which offers early and enhanced dialog
between the EMA and the pharmaceutical industry in order
to enhance development plans and speed up the evaluation
process (European Medicines Agency, 2017). In Table 1,
a few examples of medicines evaluated within the PRIME
scheme are reported.

NOVEL THERAPEUTIC APPROACHES

Whilst regulatory agencies have promoted EAPs, which have
increased over time during the past 25 years (Beaver et al.,
2018), the growth in pharmaceutical research has resulted in
the discovery and development of novel therapeutic approaches,
mainly represented by biotech drugs and gene-, cell- and tissue-
therapies. Starting from the marketing approval of the first
monoclonal antibody in 1986, the entire class of biotech drugs
has grown significantly. In 2013, the global sales revenue for
all mAbs was almost $75 billion, representing half of the total
sales of all biopharmaceutical products (Ecker et al., 2015).
Most of these novel therapeutic approaches are indicated for
the management of different diseases with recognized unmet
medical needs. For example, until recently the pharmaceutical
armamentarium of asthma included muscarinic antagonists,
beta2-agonists and corticosteroids, but approximately half of
patients do not adequately respond to the available therapies.
For this condition, four monoclonal antibodies (mAbs) recently
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FIGURE 2 | Traditional vs. accelerated development and approval process.

obtained the marketing authorization (Bateman et al., 2008;
Swedin et al., 2017). Omalizumab is a recombinant humanized
mAb that binds to the FC portion of the IgE antibody, preventing
the binding of IgE to high-affinity IgE receptors on mast
cells and basophils and the release of inflammatory mediators
induced by allergen exposure (Thomson and Chaudhuri, 2012;
Sattler et al., 2017). Mepolizumab, benralizumab, and reslizumab
are anti-IL-5 mAbs that bind IL-5Rα, causing apoptosis of
eosinophils and basophils through the antibody-dependent
cellular cytotoxicity (Farne et al., 2017; Chung, 2018). Currently,
these mAbs are indicated as add-on treatment in adults,
adolescents and children aged ≥6 years with severe persistent
allergic (omalizumab) and refractory eosinophilic (mepolizumab,
benralizumab, and reslizumab) asthma inadequately controlled
with other available treatments.

Among novel therapeutic approaches, Advanced Therapy
Medicinal Products (ATMPs), including cell-, gene-, and tissue-
engineered therapies, are particularly noteworthy, especially in
the field of neurodegenerative and neuromuscular diseases, for
which effective treatments have been limited. The antisense
oligonucleotides (ASOs) are synthetic single-stranded strings of
nucleic acids, which selectively bind to specific pre-messenger
ribonucleic acid (pre-mRNA)/mRNA sequences leading to an
alteration of the synthesis of proteins. The FDA approved in 2016
two ASOs for the treatment of Duchenne muscular dystrophy
and spinal muscular atrophy. Their role was envisaged also
in further clinical conditions, such as Huntington’s disease,
amyotrophic lateral sclerosis and Alzheimer’s disease (Wurster
and Ludolph, 2018). It should be highlighted that in most cases
ATMPs are indicated for the treatment of very rare conditions
but, unlike traditional drugs that are administered with a certain
frequency, they require administration only once, which is then
able to provide for years or for the entire life the biological

activity and clinical benefit. This is the case, for example, with
axicabtagene ciloleucel, also known as CAR-T therapy, which is
indicated for the treatment of diffuse large B-cell lymphoma.

Lastly, a new generation of anticancer drugs is going to
be developed. Recently, Drilon et al. (2018) have performed
a phase I/II trial, using a basket design, in order to evaluate
the safety and efficacy of larotrectinib, a selective inhibitor of
TRK proteins, in 55 patients with NTRK genetic alterations
regardless of tumor types (Ghosh and Tabrizi, 2017). According
to its peculiar pharmacodynamic features, larotrectinib acts on
genetic biomarkers rather than any specific type of cancer. On
the basis of the efficacy and safety data of this cutting-edge cancer
therapy, in November 2018 the FDA granted Priority Review for
larotrectinib for the treatment of adult and pediatric patients with
locally advanced or metastatic solid tumors harboring an NTRK
gene fusion (Drilon et al., 2018). Furthermore, in cancer settings
as well as in other therapeutics areas, new drug-drug and drug-
antibody combinations are increasingly emerging as therapeutic
approaches to fulfill several unmet needs. For example, in
the treatment of hemophilia the conjugation of immunogenic
peptides to a non-immunogenic protein carrier, such as in the
case of the recombinant FVIII–Fc fusion protein, decreases the
immunogenicity of FVIII, leading to better clinical outcomes.
Similarly, in the treatment of leukemia, the conjugation of
PEG to the native asparaginase enzyme leads to fewer allergic
reactions than asparaginase enzyme alone (U.S. Food and
Drug Administration, 2018). New antibody-drug conjugates
(ADCs), mainly indicated for the treatment of hematological
and solid malignancies, are currently in the late stage of clinical
development but are already showing promising results (Lieuw,
2017). Furthermore, the combination therapy of multiple drugs
turned out to be useful also in the treatment of T2DM or
hypertension, leading to better glycemic, and blood pressure
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TABLE 1 | Medicines evaluated in PRIME scheme.

Medicine Therapeutic indications Reason for disease’s unmet medical need

Avacopan AAV Rare disease

Axicabtagene ciloleucel (CAR-T) DLBCL Rare disease

Emapalumab HLH Rare disease

Onasemnogene abeparvovec SMA Type 1 in pediatric patients Rare disease

Tisagenlecleucel R/R ALL Less than 10% of patients achieve 5-year overall survival.
Moreover, the R/R ALL is associated with high relapse rates
(Papadantonakis and Advani, 2016)

Aducanumab Alzheimer’s disease Current drugs improve symptoms, but do not have
profound disease-modifying effects (Citron, 2010)

Asunercept Glioblastoma Rare disease

Brexanolone (Allopregnanolone, SAGE-547) PPD There is a need for new treatment options for mothers
suffering from the disorder (Kanes et al., 2017)

Chimeric 2’-O-(2-methoxyethyl) modified
oligonucleotide targeted to huntingtin RNA
(RO7234292)

Huntington’s Disease Rare disease

Deoxycytidine / deoxythymidine TK2 Rare disease

Givosiran Prevention of acute attacks of hepatic porphyria Rare disease

Lumasiran PH1 Rare disease

MV-CHIK vaccine Prevention of Chikungunya fever Rare disease

Mycobacterium tuberculosis (MTBVAC) TB Vaccine Immune responses of human newborns and infants are
distinct and cannot be predicted from those of human
adults or animal models (Sanchez-Schmitz and Levy, 2011)

Olipudase alfa Non-neurological manifestations of acid
sphingomyelinase deficiency

Rare disease

Polatuzumab vedotin R/R DLBCL Rare disease

Rapastinel Adjunctive treatment of MDD Many patients with MDD fail to achieve a complete
response with antidepressant medications and experience
periods with residual symptom burdens (Rush et al., 2006)

Recombinant Vesicular Stomatitis Virus with
Envelope Glycoprotein replaced by Zaire ebolavirus
(Kikwit Strain) Glycoprotein

Vaccination against Ebola Many survivors and their relatives continue to experience
stigma and social isolation. Moreover, patients have health,
psychological, and social needs (Calnan et al., 2017)

Seladelpar (MBX-8025) Primary Biliary Cholangitis Rare disease

Setmelanotide Obesity and control of the hunger associated
with deficiency disorders of the MC4R receptor
pathway

Rare Genetic Disorders

Setrusumab OI types I, III, and IV Rare disease

Tasadenoturev Recurrent glioblastoma Rare disease

Vocimagene amiretrorepvec Treatment of high-grade glioma Rare disease

Voxelotor SCD Many patients experience poor clinical outcomes in short
and longer term (Sarri et al., 2018)

AAV, active ANCA-associated vasculitis (including granulomatosis with polyangiitis and microscopic polyangiitis); DLBCL, large B-cell lymphoma; HLH, primary
hemophagocytic lymphohistiocytosis, SMA: spinal muscular atrophy; R/R ALL, relapsed or refractory B cell acute lymphoblastic leukemia; PPD, Postpartum depression;
TK2, Thymidine Kinase 2 Deficiency; PH1, Primary Hyperoxaluria Type 1; TB Vaccine, Active immunization against tuberculosis disease; R/R DLBCL, relapsed and
refractory patients with diffuse large B cell lymphoma; MDD, major depressive disorder; OI, Osteogenesis Imperfecta; SCD, Sickle Cell Disease.

control. Despite these advantages, it should be stressed that the
combination therapy of multiple drugs might increase treatment
complexity and adverse events that affect long-term adherence
(Mittermayer et al., 2015; Parslow et al., 2016). For these new
drug-drug and drug-antibody combinations, a regular approval
procedure is required, unless conditions for accelerated approval
(confirmation of unmet need) exist. This is currently true also
for new combination therapies, such as the polypill indicated
for the treatment of hypertension or ADCs used in cancer
settings; therefore, even though the individual drugs are already
authorized, new approval is required. The novel therapeutic

approaches do not necessarily refer solely to new medicines
but also to already-existing ones that are used for different
indications. This is the case, for example, with exenatide, a
glucagon-like peptide-1 receptor agonist used for the treatment of
T2DM, whose role is currently being evaluated for the treatment
of Parkinson’s disease (PD). Although available medications for
PD have strong therapeutic effects, they are not able to stop the
progression of the disease. Exenatide has demonstrated a neuro-
protective effect in preclinical models of PD. In a clinical study
that enrolled 62 patients with moderate PD, conflicting results
were obtained (Cimmaruta et al., 2018). New drugs, including
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those based on pluripotent stem cell therapy, are currently
evaluated in clinical programs for the management of PD. Recent
literature indicates that stem cells might represent a potential
approach for developing novel treatment strategies for PD in
humans (Athauda et al., 2017; Yasuhara et al., 2017).

THE CHALLENGES OF NEW
PARADIGMS IN CLINICAL RESEARCH

Even though the new tools of clinical research and the discovery
of novel therapeutic approaches have brought huge novelties and
benefits, their implementation is limited by several challenges.
First, EAPs should be applied only in fully justified circumstances
in order to ensure the patient’s safety. Furthermore, since the
majority of EAPs are based on surrogate endpoints, the use of
the new medicine in real life conditions must prove that it is able
to improve the patient’s health status and quality of life (patient-
relevant endpoint), demonstrating significant benefit and a good
safety profile. However, the interpretation of efficacy and safety
data from clinical studies, especially when they are not complete,
is extremely critical. Indeed, several medicines that underwent
fast-track procedures by the FDA were withdrawn for safety
reasons; this was the case with valdecoxib and rofecoxib, which
were withdrawn due to an increased risk of cardiovascular events,
and cerivastatin, which was associated with an increased risk
of hepatic adverse events (Zhang et al., 2018). Similarly, the
results of a recent study by Mostaghim et al. (2017) revealed
that accelerated pathway drugs are associated to higher risks of
safety-related label changes, including changes to boxed warnings
and contraindications, compared with non-accelerated pathway
drugs (Chary, 2016).

Another peculiar aspect of recently authorized therapies
is their extremely high costs. As previously reported, except
for rare cases, the novel therapeutic approaches are mainly
represented by biological products and advanced therapies
(Mostaghim et al., 2017). Those substances are characterized
by highly complex development procedures as well as by large-
scale molecules with huge heterogeneity (Abou-El-Enein et al.,
2016; Scavone et al., 2017a,b). Given these intrinsic characteristics
and considering the difficulties in their development, those
medicines are defined by higher costs compared to traditional
ones. For example, the new monoclonal antibodies targeting
the PCSK9 had an average cost that exceed 8,000€/patient/year,
while statins cost almost 50€/patient/year (Agenzia Italiana Del
Farmaco, 2017; Scavone et al., 2017c). Understandably, the
investment made in R&D should be at least partially reclaimed.
In order to overcome issues related to the high costs of
innovative medicines, each EU member state has implemented
regulatory tools for reimbursement of medicinal products, the
so-called Managed Entry Agreements (MEAs). These contracts,
which are stipulated between the pharmaceutical industry and
the payers/regulatory agencies, allow conditional access to the
market for new drugs with unclear efficacy and safety profiles.
Therefore, their objective is to improve access to new medicines
in the context of uncertainty and high price. The use of
MEAs has been implemented in several countries, including

the United Kingdom (where MEAs are defined as “patient
access schemes”), Italy, Belgium, and Australia. For example,
in Italy the modulation of price and reimbursement schemes
are planned by using two categories of MEAs, which include
the health outcomes-based agreements (payment by result, risk
sharing, and success fee) and the finance-based agreements
(cost-sharing agreements and capping) (Mallya et al., 2017;
Scavone et al., 2018).

Lastly, apart from the cost and safety concerns of new
medicines approved through EAPs, a further challenge is
represented by the lack of knowledge and infrastructure
necessary for the storage, distribution and administration of the
new therapeutics; this is true especially for the advanced therapy
medicinal products (cell-, gene-, and tissue-engineered therapies)
(Ferrario et al., 2017).

CONCLUSION

Despite the progress made in the field of clinical research, unmet
therapeutic needs are still identified in several clinical areas
(Miller, 2009; Taiwo et al., 2010; Aceves, 2014; Markowitz, 2015;
Morrow et al., 2017). It is notable, for instance, that multidrug-
resistant infections are rapidly increasing worldwide, but very
few antibiotics able to treat these infections are currently under
development. Therefore, this research area should be prioritized
in the pharmaceutical industries’ pipeline.

Recent developments in clinical research have also placed a
series of challenges for regulatory agencies, which are required
to create the best conditions for the implementation of the
described new tools. Although the application of EAPs improves
the patient’s access to new medicines, obtaining new data
on their real effectiveness and safety might be a concern. In
this context, at least for EU countries, it is expected that
the forthcoming application of Regulation No. 536/2014 on
clinical trials will facilitate the conduct of clinical trials also in
real-life conditions. Indeed, the active participation of patient
organizations in clinical research will lead to better study
designs, but also to improved reliability of study results and
better applicability to patients in the real world. This will
lead to increased knowledge of the effectiveness and safety
profile of drugs also approved through EAPs. Furthermore, since
Regulation No. 536/2014 introduces an authorization procedure
based on a single submission via a single EU portal, clinical
trial data on effectiveness and safety will be easily accessible.
A further step for the better collection of clinical data would be
the implementation of a health database and registries, whose
potential are undisputed.

Finally, regarding the high costs characterizing new
therapeutic approaches, it is advisable that price and
reimbursement tools (i.e., MEAs), such as those used in
several EU and non-EU countries, may also be applied in other
countries. This will lead to an increased access to innovative
therapies. Lastly, in order to further implement clinical
research, especially in the field of ATMPs, a strengthening
in research infrastructures and research training is what
is required.

Frontiers in Pharmacology | www.frontiersin.org 6 February 2019 | Volume 10 | Article 111

https://www.frontiersin.org/journals/pharmacology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


fphar-10-00111 February 11, 2019 Time: 18:53 # 7

Scavone et al. The New Paradigms in Clinical Research

AUTHOR CONTRIBUTIONS

CS, GdM, AM, LB, FR, and AC drafted the work and revised it for
important intellectual content, made substantial contributions
to the acquisition, analysis, or interpretation of data for the

work, wrote the manuscript, approved the final version of the
manuscript to be published, and agreed to be accountable for
all aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately
investigated and resolved. FR and AC developed the concept.

REFERENCES
Abou-El-Enein, M., Elsanhoury, A., and Reinke, P. (2016). Overcoming challenges

facing advanced therapies in the EU market. Cell Stem Cell 19, 293–307. doi:
10.1016/j.stem.2016.08.012

Aceves, S. S. (2014). Unmet therapeutic needs in eosinophilic esophagitis. Dig. Dis.
32, 143–148. doi: 10.1159/000357131

Agenzia Italiana Del Farmaco. (2017). Determina 16 Febbraio. Available at:
http://www.gazzettaufficiale.it/eli/id/2017/03/06/17A01583/sg%3Bjsessionid%
3Dokjg9kmvS670yhHglsK8Lw__.ntc-as3-guri2a

Andrade, E. L., Bento, A. F., Cavalli, J., Oliveira, S. K., Freitas, C. S., Marcon, R.,
et al. (2016). Non-clinical studies required for new drug development - Part I:
early in silico and in vitro studies, new target discovery and validation, proof
of principles and robustness of animal studies. Braz. J. Med. Biol. Res. 49:e5644.
doi: 10.1590/1414-431X20165644

Athauda, D., Maclagan, K., Skene, S. S., Bajwa-Joseph, M., Letchford, D.,
Chowdhury, K., et al. (2017). Exenatide once weekly versus placebo in
parkinson’s disease: a randomised, double-blind, placebo-controlled trial.
Lancet 390, 1664–1675. doi: 10.1016/S0140-6736(17)31585-4

Auricchio, F., Scavone, C., Cimmaruta, D., Di Mauro, G., Capuano, A.,
Sportiello, L., et al. (2017). Drugs approved for the treatment of multiple
sclerosis: review of their safety profile. Expert Opin. Drug Saf. 16, 1359–1371.
doi: 10.1080/14740338.2017.1388371

Bateman, E. D., Hurd, S. S., Barnes, P. J., Bousquet, J., Drazen, J. M., FitzGerald,
J. M., et al. (2008). Global strategy for asthma management and prevention:
GINA executive summary. Eur. Respir. J. 31, 143–178. doi: 10.1183/13993003.
51387-2007

Beaver, J. A., Howie, L. J., Pelosof, L., Kim, T., Liu, J., Goldberg, K. B., et al. (2018).
A 25-year experience of us food and drug administration accelerated approval
of malignant hematology and oncology drugs and biologics: a review. JAMA
Oncol. 4, 849–856. doi: 10.1001/jamaoncol.2017.5618

Bennett, H., McEwan, P., Bergenheim, K., and Gordon, J. (2014). Assessment of
unmet clinical need in type 2 diabetic patients on conventional therapy in the
UK. Diabetes Ther. 5, 567–578. doi: 10.1007/s13300-014-0079-6

Calnan, M., Gadsby, E. W., Kondé, M. K., Diallo, A., and Rossman, J. S. (2017).
The response to and impact of the ebola epidemic: towards an agenda for
interdisciplinary research. Int. J. Health Policy Manag. 7, 402–411. doi: 10.
15171/ijhpm.2017.104

Capuano, A., Scavone, C., Rafaniello, C., Arcieri, R., Rossi, F., and Panei, P. (2014).
Atomoxetine in the treatment of attention deficit hyperactivity disorder and
suicidal ideation. Expert Opin. Drug Saf. 13(Suppl. 1), S69–S78. doi: 10.1517/
14740338.2014.941804

Chary, K. V. (2016). Expedited drug review process: fast, but flawed. J. Pharmacol.
Pharmacother. 7, 57–61. doi: 10.4103/0976-500X.184768

Chung, K. F. (2018). Tralokinumab unsuccessful for management of severe,
uncontrolled asthma. Lancet Respir. Med. 6, 480–481. doi: 10.1016/S2213-
2600(18)30194-2

Cimmaruta, D., Lombardi, N., Borghi, C., Rosano, G., Rossi, F., and Mugelli, A.
(2018). Polypill hypertension and medication adherence: the solution strategy?
Int. J. Cardiol. 252, 181–186. doi: 10.1016/j.ijcard.2017.11.075

Citron, M. (2010). Alzheimer’s disease: strategies for disease modification. Nat. Rev.
Drug Discov. 9, 387–398. doi: 10.1038/nrd2896

Dargaud, Y., Pavlova, A., Lacroix-Desmazes, S., Fischer, K., Soucie, M.,
Claeyssens, S., et al. (2016). Achievements, challenges and unmet needs for
haemophilia patients with inhibitors: report from a symposium in paris,
france on 20 november 2014. Haemophilia 1(Suppl. 1), 1–24. doi: 10.1111/hae.
12860

Drilon, A., Laetsch, T. W., Kummar, S., DuBois, S. G., Lassen, U. N., Demetri, G. D.,
et al. (2018). Efficacy of larotrectinib in TRK fusion-positive cancers in adults
and children. N. Engl. J. Med. 378, 731–739. doi: 10.1056/NEJMoa1714448

Ecker, D. M., Jones, S. D., and Levine, H. L. (2015). The therapeutic monoclonal
antibody market. MAbs 7, 9–14. doi: 10.4161/19420862.2015.989042

European Medicines Agency. (2017). Prime Priority Medicines. Available
at: http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/
general_content_000660.jsp

European Medicines Agency. (2018). Accelerated Assessment. Available at:
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/
accelerated-assessment

Farne, H. A., Wilson, A., Powell, C., Bax, L., and Milan, S. J. (2017). Anti-IL5
therapies for asthma. Cochrane Database Syst. Rev. 21:CD010834. doi: 10.1002/
14651858.CD010834.pub3

Ferrario, A., Arâja, D., Bochenek, T., Èatiæ, T., Dankó, D., Dimitrova, M., et al.
(2017). The implementation of managed entry agreements in central and
eastern europe: findings and implications. Pharmacoeconomics. 35, 1271–1285.
doi: 10.1007/s40273-017-0559-4

Ghosh, R., and Tabrizi, S. J. (2017). Gene suppression approaches to
neurodegeneration. Alzheimers Res. Ther. 9:82. doi: 10.1186/s13195-017-
0307-1

Kanes, S., Colquhoun, H., Gunduz-Bruce, H., Raines, S., Arnold, R., Schacterle, A.,
et al. (2017). Brexanolone (SAGE-547 injection) in post-partum depression: a
randomised controlled trial. Lancet 390, 480–489. doi: 10.1016/S0140-6736(17)
31264-3

Kaplan, W., Wirtz, V. J., Mantel-Teeuwisse, A., Stolk, P., Duthey, B., and Laing, R.
(2013). Priority Medicines for Europe and the World 2013 Update. Geneva:
World Health Organization.

Lieuw, K. (2017). Many factor VIII products available in the treatment of
hemophilia a: an embarrassment of riches? J. Blood Med. 8, 67–73. doi: 10.2147/
JBM.S103796

Lindly, O. J., Chavez, A. E., and Zuckerman, K. E. (2016). Unmet health services
needs among us children with developmental disabilities: associations with
family impact and child functioning. J. Dev. Behav. Pediatr. 37, 712–723. doi:
10.1097/DBP.0000000000000363

Mallya, U. G., Boklage, S. H., Koren, A., Delea, T. E., and Mullins, C. D.
(2017). Budget impact analysis of PCSK9 inhibitors for the management
of adult patients with heterozygous familial hypercholesterolemia or clinical
atherosclerotic cardiovascular disease. Pharmacoeconomics 36, 115–126. doi:
10.1007/s40273-017-0590-5

Markowitz, C. E. (2015). Identifying and addressing unmet therapeutic needs in
MS. J. Clin. Psychiatr. 76:e8. doi: 10.4088/JCP.13037nr4c

Mascolo, A., Scavone, C., Sessa, M., di Mauro, G., Cimmaruta, D., Orlando, V., et al.
(2017). Can causality assessment fulfill the new european definition of adverse
drug reaction? a review of methods used in spontaneous reporting. Pharmacol.
Res. 123, 122–129. doi: 10.1016/j.phrs.2017.07.005

Miller, C. E. (2009). Unmet therapeutic needs for uterine myomas. J. Minim.
Invasive Gynecol. 16, 11–21. doi: 10.1016/j.jmig.2008.08.015

Mittermayer, F., Caveney, E., De Oliveira, C., Gourgiotis, L., Puri, M., Tai, L. J.,
et al. (2015). Addressing unmet medical needs in type 2 diabetes: a narrative
review of drugs under development. Curr. Diabetes Rev. 11, 17–31. doi: 10.2174/
1573399810666141224121927

Morgan, S., Lopert, R., and Greyson, D. (2008). Toward a definition of
pharmaceutical innovation. Open Med. 2, e4–e7.

Morrow, D., Ussi, A., and Migliaccio, G. (2017). Addressing pressing needs in
the development of advanced therapies. Front. Bioeng. Biotechnol. 5:55. doi:
10.3389/fbioe.2017.00055

Mostaghim, S. R., Gagne, J. J., and Kesselheim, A. S. (2017). Safety related label
changes for new drugs after approval in the US through expedited regulatory
pathways: retrospective cohort study. BMJ 358:j3837. doi: 10.1136/bmj.j3837

Oyinlola, J. O., Campbell, J., and Kousoulis, A. A. (2016). Is real world evidence
influencing practice? a systematic review of CPRD research in NICE guidances.
BMC Health Serv. Res. 16:299. doi: 10.1186/s12913-016-1562-8

Frontiers in Pharmacology | www.frontiersin.org 7 February 2019 | Volume 10 | Article 111

https://doi.org/10.1016/j.stem.2016.08.012
https://doi.org/10.1016/j.stem.2016.08.012
https://doi.org/10.1159/000357131
http://www.gazzettaufficiale.it/eli/id/2017/03/06/17A01583/sg%3Bjsessionid%3Dokjg9kmvS670yhHglsK8Lw__.ntc-as3-guri2a
http://www.gazzettaufficiale.it/eli/id/2017/03/06/17A01583/sg%3Bjsessionid%3Dokjg9kmvS670yhHglsK8Lw__.ntc-as3-guri2a
https://doi.org/10.1590/1414-431X20165644
https://doi.org/10.1016/S0140-6736(17)31585-4
https://doi.org/10.1080/14740338.2017.1388371
https://doi.org/10.1183/13993003.51387-2007
https://doi.org/10.1183/13993003.51387-2007
https://doi.org/10.1001/jamaoncol.2017.5618
https://doi.org/10.1007/s13300-014-0079-6
https://doi.org/10.15171/ijhpm.2017.104
https://doi.org/10.15171/ijhpm.2017.104
https://doi.org/10.1517/14740338.2014.941804
https://doi.org/10.1517/14740338.2014.941804
https://doi.org/10.4103/0976-500X.184768
https://doi.org/10.1016/S2213-2600(18)30194-2
https://doi.org/10.1016/S2213-2600(18)30194-2
https://doi.org/10.1016/j.ijcard.2017.11.075
https://doi.org/10.1038/nrd2896
https://doi.org/10.1111/hae.12860
https://doi.org/10.1111/hae.12860
https://doi.org/10.1056/NEJMoa1714448
https://doi.org/10.4161/19420862.2015.989042
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_000660.jsp
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_000660.jsp
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/accelerated-assessment
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/accelerated-assessment
https://doi.org/10.1002/14651858.CD010834.pub3
https://doi.org/10.1002/14651858.CD010834.pub3
https://doi.org/10.1007/s40273-017-0559-4
https://doi.org/10.1186/s13195-017-0307-1
https://doi.org/10.1186/s13195-017-0307-1
https://doi.org/10.1016/S0140-6736(17)31264-3
https://doi.org/10.1016/S0140-6736(17)31264-3
https://doi.org/10.2147/JBM.S103796
https://doi.org/10.2147/JBM.S103796
https://doi.org/10.1097/DBP.0000000000000363
https://doi.org/10.1097/DBP.0000000000000363
https://doi.org/10.1007/s40273-017-0590-5
https://doi.org/10.1007/s40273-017-0590-5
https://doi.org/10.4088/JCP.13037nr4c
https://doi.org/10.1016/j.phrs.2017.07.005
https://doi.org/10.1016/j.jmig.2008.08.015
https://doi.org/10.2174/1573399810666141224121927
https://doi.org/10.2174/1573399810666141224121927
https://doi.org/10.3389/fbioe.2017.00055
https://doi.org/10.3389/fbioe.2017.00055
https://doi.org/10.1136/bmj.j3837
https://doi.org/10.1186/s12913-016-1562-8
https://www.frontiersin.org/journals/pharmacology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


fphar-10-00111 February 11, 2019 Time: 18:53 # 8

Scavone et al. The New Paradigms in Clinical Research

Papadantonakis, N., and Advani, A. S. (2016). Recent advances and novel treatment
paradigms in acute lymphocytic leukemia. Ther. Adv. Hematol. 7, 252–269.
doi: 10.1177/2040620716652289

Papaluca, M., Greco, M., Tognana, E., Ehmann, F., and Saint-Raymond, A. (2015).
White spots in pharmaceutical pipelines-EMA identifies potential areas of
unmet medical needs. Expert Rev. Clin. Pharmacol. 8, 353–360. doi: 10.1586/
17512433.2015.1028918

Parslow, A. C., Parakh, S., Lee, F. T., Gan, H. K., and Scott, A. M. (2016).
Antibody-drug conjugates for cancer therapy. Biomedicines 4:E14. doi: 10.3390/
biomedicines4030014

Persico, A. M., Arango, C., Buitelaar, J. K., Correll, C. U., Glennon, J. C., Hoekstra,
P. J., et al. (2015). European child and adolescent clinical psychopharmacology
network. unmet needs in paediatric psychopharmacology: present scenario and
future perspectives. Eur. Neuropsychopharmacol. 25, 1513–1531. doi: 10.1016/j.
euroneuro.2015.06.009

Pozzi, M., Pisano, S., Marano, G., Carnovale, C., Bravaccio, C., Rafaniello, C.,
et al. (2018). Weight-change trajectories of pediatric outpatients treated
with risperidone or aripiprazole in a naturalistic setting. J. Child Adolesc.
Psychopharmacol. [Epub ahead of print]. doi: 10.1089/cap.2018.0092

Rafaniello, C., Pozzi, M., Pisano, S., Ferrajolo, C., Bertella, S., Sportiello, L.,
et al. (2016). Second generation antipsychotics in ’real-life’ paediatric patients.
adverse drug reactions and clinical outcomes of drug switch. Expert Opin. Drug
Saf. 15(Suppl. 2), 1–8.

Rafaniello, C., Sessa, M., Bernardi, F. F., Pozzi, M., Cheli, S., Cattaneo, D., et al.
(2018). The predictive value of ABCB1, ABCG2, CYP3A4/5 and CYP2D6
polymorphisms for risperidone and aripiprazole plasma concentrations and
the occurrence of adverse drug reactions. Pharmacogenomics J. 18, 422–430.
doi: 10.1038/tpj.2017.38

Rush, A. J., Kraemer, H. C., Sackeim, H. A., Fava, M., Trivedi, M. H., Frank, E.,
et al. (2006). CNP task force. report by the ACNP task force on response,
and remission in major depressive disorder. Neuropsychopharmacology 31,
1841–1853. doi: 10.1038/sj.npp.1301131

Saadi, E., and White, G. (2014). Rewarding innovation in drug development. Am.
Health Drug Benefits. 7, 373–374.

Sanchez-Schmitz, G., and Levy, O. (2011). Development of newborn and infant
vaccines. Sci. Transl. Med. 3:90s27. doi: 10.1126/scitranslmed.3001880

Sarri, G., Bhor, M., Abogunrin, S., Farmer, C., Nandal, S., Halloway, R., et al. (2018).
Systematic literature review and assessment of patient-reported outcome
instruments in sickle cell disease. Health Qual. Life Outcomes. 16:99. doi: 10.
1186/s12955-018-0930-y

Sattler, C., Garcia, G., and Humbert, M. (2017). Novel targets of omalizumab
in asthma. Curr. Opin. Pulm. Med. 23, 56–61. doi: 10.1097/MCP.
0000000000000340

Scavone, C., Carnovale, C., Ruggiero, R., Radice, S., Scatigna, M., Racagni, G., et al.
(2018). On the policy of the italian government in the discovery, development,
and access to medicines. Clin. Ther. 40, 1931–1940. doi: 10.1016/j.clinthera.
2018.09.015

Scavone, C., Rafaniello, C., Berrino, L., Rossi, F., and Capuano, A. (2017a).
Strengths, weaknesses and future challenges of biosimilars’ development. an
opinion on how to improve the knowledge and use of biosimilars in clinical
practice. Pharmacol. Res. 126, 138–142. doi: 10.1016/j.phrs.2017.11.002

Scavone, C., Sportiello, L., Berrino, L., Rossi, F., and Capuano, A. (2017b).
Biosimilars in the european union from comparability exercise to real world
experience: what we achieved and what we still need to achieve. Pharmacol. Res.
119, 265–271. doi: 10.1016/j.phrs.2017.02.006

Scavone, C., Sportiello, L., Sullo, M. G., Ferrajolo, C., Ruggiero, R., Sessa, M., et al.
(2017c). BIO-cam group. safety profile of anticancer and immune-modulating
biotech drugs used in a real world setting in campania region (italy): bio-
cam observational study. Front. Pharmacol. 8:607. doi: 10.3389/fphar.2017.
00607

Simon, R. (2017). Critical review of umbrella, basket, and platform designs for
oncology clinical trials. Clin. Pharmacol. Ther. 102, 934–941. doi: 10.1002/
cpt.814

Swedin, L., Saarne, T., Rehnberg, M., Glader, P., Niedzielska, M., and Johansson, G.
(2017). Patient stratification and the unmet need in asthma. Pharmacol Ther
169, 13–34. doi: 10.1016/j.pharmthera.2016.06.016

Taiwo, B., Hicks, C., and Eron, J. (2010). Unmet therapeutic needs in the new era
of combination antiretroviral therapy for HIV-1. J. Antimicrob. Chemother. 65,
1100–1107. doi: 10.1093/jac/dkq096

Thomson, N. C., and Chaudhuri, R. (2012). Omalizumab: clinical use for the
management of asthma. Clin. Med. Insights Circ. Respir. Pulm. Med. 6, 27–40.
doi: 10.4137/CCRPM.S7793

U.S. Department of Health and Human Services. (2014). Guidance for Industry
Expedited Programs for Serious Conditions – Drugs and Biologics. Available at
https://www.fda.gov/downloads/Drugs/Guidances/UCM358301.pdf

U.S. Food and Drug Administration. (2018). FDA Approves Larotrectinib for
Solid Tumors with Ntrk Gene Fusions. Available at: https://www.fda.gov/Drugs/
InformationOnDrugs/ApprovedDrugs/ucm626720.htm

Ujeyl, M., Schlegel, C., Walter, S., and Gundert-Remy, U. (2012). New drugs:
evidence relating to their therapeutic value after introduction to the market.
Dtsch. Arztebl. Int. 109, 117–123. doi: 10.3238/arztebl.2012.0117

Vella Bonanno, P., Ermisch, M., Godman, B., Martin, A. P., Van Den Bergh, J.,
Bezmelnitsyna, L., et al. (2017). Adaptive pathways: possible next steps for
payers in preparation for their potential implementation. Front. Pharmacol.
8:497. doi: 10.3389/fphar.2017.00497

Wang, S. V., Schneeweiss, S., Gagne, J. J., Evers, T., Gerlinger, C., Desai, R.,
et al. (2018). Using real world data to extrapolate evidence from randomized
controlled trials. Clin. Pharmacol. Ther. [Epub ahead of print]. doi: 10.1002/
cpt.1210

Wurster, C. D., and Ludolph, A. C. (2018). Antisense oligonucleotides in
neurological disorders. Ther. Adv. Neurol. Disord. 11:1756286418776932. doi:
10.1177/1756286418776932

Yasuhara, T., Kameda, M., Sasaki, T., Tajiri, N., and Date, I. (2017). Cell
therapy for parkinson’s disease. Cell Transplant 26, 1551–1559. doi: 10.1177/
0963689717735411

Zhang, Y., Ge, M., Hao, Q., and Dong, B. (2018). Induced pluripotent stem cells
in rat models of parkinson’s disease: a systematic review and meta-analysis.
Biomed. Rep. 8, 289–296. doi: 10.3892/br.2018.1049

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Scavone, di Mauro, Mascolo, Berrino, Rossi and Capuano. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org 8 February 2019 | Volume 10 | Article 111

https://doi.org/10.1177/2040620716652289
https://doi.org/10.1586/17512433.2015.1028918
https://doi.org/10.1586/17512433.2015.1028918
https://doi.org/10.3390/biomedicines4030014
https://doi.org/10.3390/biomedicines4030014
https://doi.org/10.1016/j.euroneuro.2015.06.009
https://doi.org/10.1016/j.euroneuro.2015.06.009
https://doi.org/10.1089/cap.2018.0092
https://doi.org/10.1038/tpj.2017.38
https://doi.org/10.1038/sj.npp.1301131
https://doi.org/10.1126/scitranslmed.3001880
https://doi.org/10.1186/s12955-018-0930-y
https://doi.org/10.1186/s12955-018-0930-y
https://doi.org/10.1097/MCP.0000000000000340
https://doi.org/10.1097/MCP.0000000000000340
https://doi.org/10.1016/j.clinthera.2018.09.015
https://doi.org/10.1016/j.clinthera.2018.09.015
https://doi.org/10.1016/j.phrs.2017.11.002
https://doi.org/10.1016/j.phrs.2017.02.006
https://doi.org/10.3389/fphar.2017.00607
https://doi.org/10.3389/fphar.2017.00607
https://doi.org/10.1002/cpt.814
https://doi.org/10.1002/cpt.814
https://doi.org/10.1016/j.pharmthera.2016.06.016
https://doi.org/10.1093/jac/dkq096
https://doi.org/10.4137/CCRPM.S7793
https://www.fda.gov/downloads/Drugs/Guidances/UCM358301.pdf
https://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm626720.htm
https://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm626720.htm
https://doi.org/10.3238/arztebl.2012.0117
https://doi.org/10.3389/fphar.2017.00497
https://doi.org/10.1002/cpt.1210
https://doi.org/10.1002/cpt.1210
https://doi.org/10.1177/1756286418776932
https://doi.org/10.1177/1756286418776932
https://doi.org/10.1177/0963689717735411
https://doi.org/10.1177/0963689717735411
https://doi.org/10.3892/br.2018.1049
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	The New Paradigms in Clinical Research: From Early Access Programs to the Novel Therapeutic Approaches for Unmet Medical Needs
	Introduction
	Unmet Clinical Needs and Early Access Programs
	Novel Therapeutic Approaches
	The Challenges of New Paradigms in Clinical Research
	Conclusion
	Author Contributions
	References


