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14 Nanotechnology has become a key tool to overcome the main (bio)pharmaceutical drawbacks of drugs and to
15 enable their passive or active targeting to specific cells and tissues. Pediatric therapies usually rely on the previous
16 clinical experience in adults. However, there exists scientific evidence that drug pharmacokinetics and pharma-

17codynamics in children differ from those in adults. For example, the interaction of specific drugswith their target
18receptors undergoes changes over the maturation of the different organs and systems. A similar phenomenon is
19observed for toxicity and adverse effects. Thus, it is clear that the treatment of disease in children cannot be sim-
20plified to the direct adjustment of the dose to the bodyweight/surface. In this context, the implementation of in-
21novative technologies (e.g., nanotechnology) in the pediatric population becomes extremely challenging. The
22present article overviews the different attempts to use nanotechnology to treat diseases in the pediatric popula-
23tion. Due to the relevance, though limited available literature on the matter, we initially describe from prelimi-
24nary in vitro studies to preclinical and clinical trials aiming to treat pediatric infectious diseases and pediatric
25solid tumors by means of nanotechnology. Then, the perspectives of pediatric nanomedicine are discussed.
26© 2014 Published by Elsevier B.V.
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52

53 1. Introduction

54 Nanotechnology has become a key tool to overcome fundamental
55 (bio)pharmaceutical drawbacks of drugs such as poor aqueous solu-
56 bility, low physicochemical stability and insufficient bioavailability
57 [1–3]. Nano-drug delivery systems (nano-DDS) enable the passive
58 or active targeting of the payload to specific cells and tissues, in-
59 creasing its accumulation in the action body site and reducing ad-
60 verse effects by decreasing systemic exposure to the free/active
61 drug [4,5]. Additionally, nanotechnology has been shown to improve
62 localized drug delivery by alternative administration routes (e.g., in-
63 halation) in organs protected by anatomical or physiological bar-
64 riers, such as the central nervous system. Irrespective of the level of
65 complexity, the potential of nanomedicine to improve the diagnosis
66 and the treatment of disease has been extensively documented.
67 Thus, regardless of the regulatory demands, a reasonable number
68 of nanomedicines have already made their way to the market [6,7].
69 However, all of them are for use in adults.
70 Because traditionally the development of pediatric treatments usu-
71 ally relied on the previous experience in adults, which is still scarce for
72 most nanotechnology platforms, there do not exist approved pediatric
73 nanomedicines yet. The application of new regulatory initiatives, such
74 as the pediatric investigation plan (PIP) promoting specific studies in
75 children to obtain the necessary data (efficacy and toxicity, when it is
76 safe to do so) for the approval of a new pharmaceutical product will fa-
77 cilitate the authorization of medicines for children.
78 Children present biological and/or metabolic differences with re-
79 spect to adults due to the gradual development and maturation of the
80 different organs and systems after birth [8,9]. Thus, in the case of dis-
81 eases that hit both adults and children, nanomedicines need to be pri-
82 marily adjusted to fit the pediatric use, a process that might demand
83 the development of a different pharmaceutical formulation, and then
84 clinically trialed in children. Furthermore, in the case of diseases that
85 are children-specific or that show substantially greater morbidity in
86 children, nanomedicines need to be especially developed [10]. These
87 facts regretfully enter into conflict with the complexities of the
88 fragmented pediatric market and the challenging pediatric clinical trials
89 that discourage researchers in both academia and industry to investi-
90 gate pediatric nano-DDS.
91 The present article overviews the different attempts to use nano-
92 technology to treat diseases in children. Due to the relevance, though
93 limited available literature on thematter, we initially describe frompre-
94 liminary in vitro studies to preclinical and clinical trials aiming to treat
95 pediatric infectious diseases and solid cancers bymeans of nanotechnol-
96 ogy. Then, the perspectives of pediatric nanomedicine are discussed.

97 2. Challenges of the pediatric population

98 There exists global consensus among clinicians that children are not
99 just small adults [11,12]. This statement is not a demagogic cliché but it
100 is based on scientific evidence showing that children present differences
101 in drug absorption, biodistribution, metabolism and excretion with re-
102 spect to adults [13]. Also, derived from the differential interaction of
103 drugs with their cellular targets, children show differences in pharma-
104 codynamics [14–16]. In this context, it is crystal clear that the treatment

105of disease in children cannot be simplified to the direct adjustment of
106the dose to the body weight/surface [17].
107An additional point of consideration is that based on differences in
108biology and metabolism, the pediatric subpopulation is sub-classified
109into subgroups, namely preterm newborn infants, term newborn in-
110fants (0–27 days), infants and toddlers (28 days-23 months), preschool
111children (2–5 years), school children (6–11 years) and adolescents
112(12–16/18 years) [9,18]. Each sub-category shows different gastroin-
113testinal pHand transit, intestinalmotility and conjugation and transport
114of bile salts [8,19]. Also, the level of cognitive development could impact
115formulation appropriateness (e.g., in the case of inhalatory products)
116[20] and the feasibility of clinical trials [21–23]. For instance, clinical tri-
117als in children are more complicated due to scientific, clinical, ethical,
118technical and logistical challenges, that have discouraged the process
119over the years [24–27]. Furthermore, toxicological aspects of the expo-
120sure to nanoparticles should be thoroughly assessed, especially by inha-
121lation, because children show increased particle deposition in the lungs
122with respect to adults [28]. For example, the biocompatibility of several
123liposome formulations is well-known and a few nano-DDS have
124reached the clinical phase in adults [29,30]. However, information re-
125garding their safety in children is very limited. Other platforms such as
126carbon nanotubes are more controversial and their clinical use seems
127less likely [31]. All these facts converge to reduce the flexibility and
128the proxfitability of the fragmented pediatric market and position chil-
129dren at the top of the vulnerability scale [32,33].

1303. Infectious diseases

131Despite the availability of a broad spectrum of antibiotics, the treat-
132ment of infections has become an increasing challenge of modernmed-
133icine due to the emergence of resistant pathogens. The situation is more
134critical in poverty-related diseases (PRDs) and even more in the case of
135the pediatric population owing to the reasons mentioned above. In ad-
136vance the incipient progresses made at the interface of nanomedicine
137and the therapy of pediatric HIV, TB and malaria, three infections that
138claim the largest number of lives every year, will be overviewed [34].

1393.1. HIV/AIDS

140HIV/AIDS is themost lethal infection of our timeswith approximate-
141ly 2.5 million annual deaths [35]. The number of antiretrovirals (ARVs)
142approved for pediatric administration is smaller than the one for adults
143and pharmacokinetic data aremore limited due to the complexity of the
144clinical trials [36,37]. Additional drawbacks are the lack of certified
145liquid (e.g., solutions and suspensions), chewable [38], dispersible
146[39–41] and orodispersible formulations [42–44] that ease dose adjust-
147ment and ingestion and the development of pediatric fixed dose
148combinations (FDCs) [45,46]. Regardless of the strategy of choice, the
149production process should be counterbalanced to maintain medication
150costs under limits that ensure patient affordability [47,48]. The disease
151hits both the adult and the pediatric population and, thus the develop-
152ment of anti-HIV nanomedicines could be beneficial for all the patient
153sub-populations. Nevertheless, the number of research works aiming
154to develop nanotechnology-based anti-HIV medicines in general and
155for children in particular is remarkably scarce.
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