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Abstract

Special populations, including women (non-pregnant and pregnant), pediatrics, and the elderly,
require additional consideration with regard to clinical research. There are very specific regulatory
laws, which protect these special populations, that need to be understood and adhered to in order
to perform clinical research. This review provides a broad overview of some of the physiological
differences in special populations and discusses how these differences may affect study design and
regulatory considerations. These various special populations, with respect to regulatory affairs, are
clearly defined within the Code of Federal Regulations. The definition of “special population”
exists to provide enhanced awareness of their vulnerabilities, thereby allowing the creation of
regulatory guidance aimed to decrease injury or outright harm. Currently, progress is being made
to be more inclusive of special populations in clinical trials. This reflects changing attitudes
towards drug information, with it being more representative of those patients that will ultimately
be prescribed or exposed to the therapy. However, all research undertaken in these populations
should be performed in a manner that ensures all protections of each participant are upheld.
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Introduction

The motto “One size fits all” cannot be applied for anything intended to fit the depth and
breadth of a population, and is clearly inadequate for the determination of dosing regimens
across the human population. Accounting for the heterogeneity of the general population,
numerous clinical trials are required to gather the appropriate information to make dosing
recommendations for a single drug. Special populations include women, children
(pediatrics), the elderly (geriatrics), pregnancy (obstetrics), and patients with concurrent
disease states. Each of these populations has specific considerations that must be taken into
account in relation to study design and regulations.

Often these critically important populations are left out of pre-marketing clinical trials in the
US (1). The typical inclusion/exclusion criteria for phase | or Il clinical trials primarily limit
participation to Caucasian adults of 18-65 years with a body mass index (BMI) less than 25
mg/m?2, while excluding pregnancy, hepatic dysfunction, and a variety of other typical
conditions encountered within the general population. As trials progress to phase 111, the
criteria are somewhat broadened. For instance, later stage trials are more likely to include
those older than 65 years of age, increased diversity in ethnic background, patients with
minor hepatic dysfunction, and those who are overweight. Yet, until very recently, children,
pregnant women, and those with severe comorbidities have been very rarely incorporated
into even late stage trials and, therefore, information remains limited for these and other
populations that present some complexity to trial design (2). This means that dosing
guidance for these populations is not based on rigorous study and the prescriber must
extrapolate from dosing guidance based on a population that may not share many
characteristics that may impact drug pharmacokinetics, creating an environment with a
higher risk for sub-optimal therapy or, conversely, toxicity from over-dosing.

FDA “Guidance for Industry” documents and decision trees provide recommendations for
medication dosing in special populations (e.g. pregnancy, children, and elderly). These
guides emphasize the importance of drug dosing information for special populations on drug
labels (3). Increased participation of individuals from “special populations” in clinical trials
is a critical step to appropriately study these individuals and interpret the data to serve as the
basis for improving clinical pharmacologic therapies.

Moreover, a lack of pre-clinical translational models contributes to the gap in knowledge
that exists for special populations. While most would not consider females as a special
population, the traditional research approaches have excluded them and established a
scientific culture in which the acceptable norm is biased heavily towards young, healthier
male participants, culminating in a profound lack of knowledge regarding drug metabolism
and kinetics for approximately half of the population. A high profile example of the
disparity of drug disposition knowledge and testing between males and females was recently
revealed, resulting in a FDA Med Watch Safety Alert in 2013, with the sleep aid zolpidem
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(Ambien®, Sanofi-Aventis, Bridgewater, NJ). Zolpidem was granted FDA approval in 1992.
In this case, after millions of prescriptions, the dose given to women, being equivalent to
men, was nearly twice what it should have been. In 1993, the FDA issued guidance
recommending powering clinical studies to detect gender-specific differences and
subsequently issued regulations in 1998 and 2000, with the force of law bearing on this
subject (4). The zolpidem story has served to heighten awareness that gender differences are
likely a much more significant factor in drug disposition than previously thought (5).

Pre-clinical animal models in drug studies come in many forms, but often have a male bias.
Typically, they are comprised exclusively of male animals of two species and restrict the
investigation to healthy young animals. Once the initial pre-clinical animal studies are
complete, models that have been characterized as being representative of the disease state
under study are employed, if available. In an effort to address the historic lack of
incorporating gender difference within drug studies, the NIH has now begun implementing
policies that will require applicants to report their plans for including a balance of male and
female in pre-clinical animal studies (6). This will augment requirements that have been
built into human clinical trials (7).

The objective of the following review is to give a broad overview of some of the
physiological differences in several special populations and discuss how these differences
may affect study design and regulatory considerations.

Special populations

Women

Variability in drug response and disease progression between men and women has been well
documented. For example, women appear to be more sensitive to QT interval prolongation
following anti-arrhythmic drug administration (8,9). Disease progression can also manifest
differently between men and women. This phenomenon is evidenced in multiple sclerosis, a
neurodegenerative autoimmune disorder that has a higher prevalence in women, but
demonstrates a more progressive disease course in men. Murine models have demonstrated a
genetic link that may explain this difference via the toll-like receptor 7 gene, which has
increased expression in male mice (10).

Estrogen levels may play a role in altered drug pharmacokinetics in women by affecting
gastric emptying. This effect can change drug transit times between healthy non-pregnant
women, throughout pregnancy, and at menopause (11-13). Very few studies have been
conducted in humans to demonstrate changes in pharmacokinetics and pharmacodynamics
that occur during the menstrual cycle, but those that have been done suggest altered motility
and absorption during different phases of the menstrual cycle (14). In addition to the
influences of sex hormones, differences in body composition also influence the absorption
and distribution of drugs. Women tend to have a lower body weight, higher percentage body
fat, and lower plasma volumes than men.
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Pregnant women

In the US, ~4 million women give birth each year (15). An estimated 90% take at least one
medication during each pregnancy (16,17), and more than half take at least one medication
or more during the first trimester (16,18). Very few studies have examined drug dosing and
consequences as it pertains to the physiologic changes and trans-placental factors during
pregnancy (16).

The rate at which a drug is absorbed can be greatly impacted by many factors occurring in
pregnancy, including patients who are experiencing nausea and vomiting, changes in gastric
volume and pH, drug metabolizing enzyme or transporter expression changes (19,20), or
altered gastrointestinal maotility (21). Additional factors that may alter pharmacokinetics and
pharmacodynamics during pregnancy include changes in weight and body composition,
pregnancies with multiples (e.g. twins, triplets), increased blood volume, and abrupt changes
in behaviors such as alcohol and tobacco use (19,21).

The kidneys and liver are also affected during pregnancy. Increased intravascular volume
may lead to 50% increased glomerular filtration and increased renal clearance due to higher
creatinine clearance. These changes can be altered during the course of pregnancy and
persist into the postpartum period. There is conflicting evidence surrounding changes in
hepatic metabolism which may increase, decrease, or stay the same (20,21).

Fetal vulnerability to drug pharmacodynamics and toxicity is of concern for many clinical
researchers working with pregnant women, and special consideration must be taken with
differences that occur during each trimester. For example, thalidomide exposure to the fetus
during the first trimester can cause severe impairment of limb development (i.e. phocomelia)
(21-23); use of NSAIDS during the first trimester increases risk of miscarriage and
malformation (e.g. gastroschisis), while use after 30 weeks' (3rd trimester) gestation
increases the risk for premature closure of the ductus arteriosus (24). The interaction
between a drug and development during each trimester must be considered when
determining appropriate dosing (19).

In addition to the physiologic changes that occur in the mother, it is important for clinical
researchers to consider the distinct genetic differences of the mother and the fetus that may
have a pharmacological impact on one or both. For example, codeine is metabolized by
cytochrome P450 isoform 2D6 (CYP2D6). This enzyme is induced during pregnancy and
can effectively shift the phenotype of the mother into an ultra-rapid metabolizer of codeine
(25,26).

As research participants, pregnant women are generally willing to participate in non-
invasive research (27); however, any research that imposes risk must take into account both
the mother and the unborn (28). As with other populations, it is important to clearly inform
potential participants about the nature of the study and address concerns early. Clinical
research in pregnant participants generates complex ethical issues and requires special
protection.
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Regulatory affairs—The US Congress established the Office of Women's Health (OWH)
within the FDA in 1994. One of the primary mandates of this office was for the investigation
of gender differences related to medicinal product safety and efficacy. In addition to
tracking the rate of women participating in clinical trials and providing education, this office
funds a wide variety of studies to better understand the role of gender and health. For
instance, OWH research funding has been used to develop pre-clinical animal models, as
discussed above (29).

The OWH extends to or encompasses the mission of advancing the understanding of gender
and health to the state of pregnancy (29). Pregnant women very often receive or take
medication and, therefore, warrant protection from “off-label” experimentation by being
included in the process of clinical trials where relevant.

The FDA hosts a list of Pregnancy Exposure Registries (30). These registries are a hub for
information on drugs and vaccines for pregnant women. Although, the registries are a great
resource to find what data exist and is being actively collected, drug information concerning
pregnant women is frequently unavailable. Therefore, many registries are seeking pregnant
women for participation in a clinical study.

Pediatric patients were referred to as “therapeutic orphans” by Shirkey (31) in 1968, because
of inherent differences in drug metabolism in children they are usually not included in drug
development. The American College of Clinical Pharmacology (32), in 2008, published a
white paper detailing the lack of drug studies conducted in the pediatric population.
Historically drugs were initially evaluated in children who were poor, institutionalized,
mentally ill, or physically disabled (32). Later, drugs were evaluated in children after being
approved in adults. The metabolic profile between adults and children is striking, with
maturational changes taking place as development advances from fetus to infant to
adolescent. Ginsberg et al. (33) evaluated numerous pharmacokinetic studies in the literature
to characterize the differences between adults and children in drug metabolism. For
example, they reported that with some drugs there was a decreased clearance in the neonate
and infant up to 2 months of age followed by a rise in metabolic capacity that could exceed
that of an adult from ~6 months to 2 years of age. Additionally, they also described a
general phenomenon whereby many drugs, that are primarily excreted renally, are cleared at
a faster rate than adults, in children between the ages of 2—-12 years of age (33). The relative
size and perfusion of organs (e.g. liver) is also different between children and adults, which
impacts the pharmacokinetic profile of many drugs (34).

Hepatic drug metabolism and elimination is divided into two phases: oxidation, reduction,
and hydrolysis (phase 1); and hydroxylation and conjugation (phase I1). Phase I metabolism
at birth is ~30% that of adults and then rapidly increases to exceed adult rates by age 3
years for some drugs (35). By early puberty Phase | metabolic capacity is trending toward
adult levels and is attained by the end of puberty. Phase 1l metabolism has much greater
variation that is independent of stage of growth and is due to different substrates involved in
hydroxylation and conjugation (35-37).
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From birth through infancy developmental processes are highly dynamic and can profoundly
affect drug metabolism. As the body continues to mature to adulthood, there are drastic
changes in body form and proportion, resulting in decreased total body water (TBW) and fat
stores. These differences in TBW and body composition will directly affect the absorption
and volume of distribution of many compounds. Moreover, children tend to have less acidic
stomach contents, resulting in better absorption of acid drugs, and experience delayed
gastric emptying, which impacts the kinetics of absorption (34). Infants can experience
increased levels of active drug in the circulation due to lower levels of serum albumin and,
consequently, lower levels of protein-bound drug. Moreover, well into infancy, the blood-
brain barrier (BBB) is often not fully developed and, consequently, there can be increased
and unintended central nervous system drug exposure.

A lack of research in pediatric pharmacology is in part due to the ethical issues related to
conducting these studies and the lack of financial incentives for industry. There is a
tremendous need for pediatric clinical trials. However, much time and expertise is required
to adequately design a pediatric clinical trial. Historically, arguments from ethical, practical,
and economic perspectives led to adult clinical trial data being extrapolated to children (38).
Current guidelines do encourage the use of extrapolation for efficacy when it is appropriate
to use data obtained from adults to children or from older to younger children (38).
Additionally, the application of extrapolation, modelling, and simulation should be
considered once the specific pediatric needs and study-related question(s) are answered. The
limitations of extrapolation are generally related to dose-finding/PK studies and safety
studies where these aspects are not transferable between adults and children (38).

The main limitation to undertaking PK studies in newborns and infants is related to blood
collection (39). Obviously, the number of samples and blood volumes that can be taken in
children, especially very sick children, will be far less than that of an adult. It is becoming
accepted that, when developing assays for PK studies in children, there is a need to utilize
sampling techniques that require as small a volume of blood as possible. There is a trend to
develop micro-analytical methods suitable for doing PK studies in children and neonates.
The most widely used micro-analytical methods use chromatographic methods for the
analysis of drugs in plasma or serum (40). There have also been advances in the
development of methods that utilize dried blood spots (DBS) (40). There has been a rapid
increase in the use of DBS in pediatric PK studies over the last 2 years. Although promising,
DBS is still developing in its clinical utility. Concerns related to questions of drug stability,
the effect of hematocrit level, and best practice extraction techniques are still being
addressed. Therefore, consensus has yet to be reached for the approach to the application of
DBS analytical procedures for TDM and clinical studies (40).

In neonates, drug pharmacokinetics are affected by the rapid dynamic physical and
physiological changes (e.g. weight or increase in GFR), making it difficult to appropriately
use many drugs during the neonatal period (41,42). Additionally, there are differences
between neonates related to gestational age (GA) and birth weight (43). Extremely low birth
weight (ELBW) neonates (<26 weeks GA) exhibit the composition of displaced fetuses,
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whose total-body water comprises nearly 92% body weight, extracellular fluid (ECF)
volume is ~25%, and body fat is less than 1% (44,45). In term neonates, total body water
falls to ~75% body weight and body fat increases to ~15%. At 40 weeks gestation, ECF
volume has been estimated to range from 350-440 mL/kg body weight. In term neonates,
ECF has been found to correlate more closely to body weight than GA (46). Intracellular
fluid volume increases from 25% body weight in premature neonates to 33% in term
neonates and ~37% at 4 months of age (44,45).

In neonates, anatomical and functional immaturity of the kidney limits glomerular and
tubular functional capacity. Renal maturation has been shown to be related to GA (47). The
result is that GFR and absolute CL is decreased with decreasing GA (48). Hence, neonates
<30 weeks GA have a lower CL and this results in a longer half-life of renally cleared drugs
than neonates >30 weeks GA (49,50). The GFR in term neonates is ~25% (20mL/min/1.73
m?2) of that of an adult, and is even lower in extremely premature neonates (51).
Comparatively, GFR can be reported as follows: at birth GFR for full-term neonates is 2—4
mL/min, while GFR for pre-term neonates is 0.6-0.8 mL/min (52). Normal adult GFR is
~125 mL/min (53). GFR in neonates is increased rapidly during the first 6 h of life
compared to the second or third day of life in full-term neonates, but the degree of change in
GFR is more difficult to estimate in extremely premature neonates (54,55). Increasing GFR
is associated with increasing postnatal age (PNA); however, in pre-term neonates the
trajectory of GFR increase is slower than in full-term neonates (49,50,55).

The relationship between PNA and a neonates composition (i.e. percent body water) is one
of the most important considerations when determining drug dosage in these patients (48).
Water-soluble drugs have a higher volume of distribution (Vp) so that a higher dose per
kilogram is needed to achieve the same serum concentration comparable to older infants and
children (56,57). Consequently, the dose of some drugs needs to be assessed and changed
repeatedly to account for rapid changes in body composition during development (42,54).
Then, as the neonate ages, his/her dosing requirement may be reduced to reflect the
changing body composition.

It has been recognized that there are many issues that need to be addressed when
undertaking drug studies in neonates and children. Some of the proposed solutions include
expansion of the use of modeling and simulation by in silico investigations. These methods
can provide a systematic manner of balancing factors to design a drug regimen that achieves
target concentrations to optimize efficacy and safety (58). Marsot et al. (39) reviewed
population PK studies done in children during the first 2 years of life. The span of children
per study was 25-100, with ~3-5 samples collected per patient. The majority of studies
were prospective (60%), with the rest (40%) using retrospective data from therapeutic drug
monitoring. Only 10% of the models that were described had been evaluated by an external
evaluation. What is concerning is that only 2% of the prospective studies used optimal
design/sampling. In the studies reviewed it was seen that the volume of blood collected was
the limiting factor, despite the emergence of new assay techniques such as mass
spectrometry which uses smaller sample volumes (39). This review clearly revealed that
there is room for improvement on the methodological side of clinical research, but also that
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harnessing the power of newer modeling techniques may provide a deep insight into ways to
improve dosing for neonates (39).

Regulatory affairs—Regulatory oversight of protecting human subjects in research was
established in 1970 when the Department of Health and Human Services developed
regulations for research with additional protections for children (59). The Code of Federal
Regulations (CFR) states that research may include children if “(a) No greater than minimal
risk to children is presented; and (b) Adequate provisions are made for soliciting the assent
of the children and the permission of their parents or guardians as set forth in CFR 50.55”
(60). It is important to note that the CFR does not specifically define minimal risk for a
child. What may be considered minimal risk in an adult (e.g. venipuncture for obtaining a
blood sample) may be considered “greater than minimal risk” for a child, depending on, for
instance, the child's age, health status, or volume of blood to be collected.

Often pharmaceutical studies are determined to be “greater than minimal risk”, but are
allowed because the research offers the prospect of direct benefit or may contribute to the
well-being of the individual child (61,62). There are two more categories of research as it
applies to children: (1) Research involving interventions or procedures that present a minor
increase over minimal risk without the prospect of direct benefit to the individual
participant, but is likely to produce generalizable knowledge about the child's disorder or
condition (63,64). (2) Research which presents an opportunity to understand, prevent, or
alleviate a serious problem affecting the health or welfare of children. Research in this
category must be reviewed and approved by the Secretary of DHHS or the Commissioner of
the FDA (65,66).

The history of regulation specific to pediatric use goes back to 1979, when product labels
first started to include pediatric use. Since that time there has been a number of changes
(Figure 1), with the most significant changes occurring in 2002 and 2003, with the Best
Pharmaceuticals for Children Act (BPCA) and Pediatric Research Equity Act (PREA). The
BPCA (2002) facilitated clinical trials for on-and off-patent drugs in children by providing
an additional 6 months of patent exclusivity for on-patent drugs tested for pediatric use, and
established a program for pediatric drug development. In 2012, the Food and Drug
Administration Safety and Innovation Act (FDASIA) replaced the BPCA and PREA Acts
and became a permeant law (67).

Advances in medicine in the last 100 years have resulted in a substantially increased life
expectancy and a burgeoning population of geriatric patients. It is estimated that, by 2030,
there will be over 70 million people over the age of 65 years, which will account for 20% of
the population in the US (68). In the US, between the years 2007-2008 more than 75% of
people 60 years and older used two or more prescription drugs and 37% used five or more
prescription drugs (69). The older patient, while receiving more drugs on average than
younger patients, often poses a greater challenge to dose appropriately as the geriatric
patient potentially has altered kinetics due to declining organ function and concurrent
disease, and drug—drug interactions are more likely and hard to predict. Adverse drug events
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occur in ~15% of elderly patients. Of which, about half of the events are estimated as being
preventable (70).

Older people with multiple disease processes requiring treatment with multiple medications
increase the risk for drug—drug interactions that may cause an increased or decreased
bioavailability of the drug. Drugs such as phenytoin and estrogens that are metabolized by
the cytochrome P450 pathway, when used concomitantly, require higher doses to produce
the desired effect because their metabolism is increased. In some cases, only one drug may
undergo rapid metabolism while the other does not. Geriatric patients will often have
decreased stomach acid, reduced intestinal blood flow and slower gastric-emptying time.
These alterations tend to perturb the rate of drug absorption, but not the amount of drug that
is absorbed. Therefore, there may be a delay in the onset of action and peak effect of
medications. Some examples of medications affected by changes in the gastrointestinal tract
include anti-epileptic drugs (phenytoin, carbamazepine) (71), indomethacin, prazosin, and
digoxin (72).

The distribution of a drug often depends on the nutritional status of the patient. Geriatric
patients typically have reduced lean body mass and may have an increase in body weight
resulting in some drugs distributing more easily, such as opiates (i.e. hydrocodone,
oxycodone) (73) and long-acting benzodiazepines (i.e. diazepam, flurazepam). Additional
factors that can affect a drug's distribution are a reduction in drug binding, such as to serum
albumin, and reduced cardiac output.

Reduced hepatic blood flow and mass can lead to a decrease in drug metabolism,
contributing to increased concentrations of circulating drug and, possibly, drug—drug
interactions in geriatric patients. Pathophysiologic factors such as thyroid disease, cancer,
congestive heart failure, or smoking may influence the pharmacokinetic profile of drugs.
With age there are also typically decreases in the expression level of the phase I and Il
enzymes, particularly in patients older than 60 years of age (74-76).

Renal function also tends to decline with age with a decrease in renal blood flow and
consequent decrease in filtration rate. As with decreased hepatic blood flow a reduction in
blood flow to the kidney can result in the accumulation of some drugs such as cardiac agents
like digoxin and antibiotics (72). With altered gastrointestinal, hepatic, and renal metabolism
and elimination capacity, there are several drug categories that should be used with caution
in the elderly.

Elderly patients with reduced organ function are often excluded from clinical trials, making
it difficult for clinicians to determine safe doses. However, including elderly patients with
comorbidities in trials is a difficult problem as this population is, by definition, highly
heterogeneous and would require the enrollment of many more subjects to determine safety
and efficacy of a drug. Moreover, experience has shown that, among elderly patients with
comorbid conditions, they are less likely to complete a trial due to decreased follow-up,
impaired cognition, and higher mortality rates. Therefore, “recruitment bias” results in
healthier individuals with higher cognitive function representing the “elderly population” in
the drug development process (77,78).

Clin Res Regul Aff. Author manuscript; available in PMC 2015 September 21.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Grimsrud et al.

Page 10

Regulatory affairs—FDA recommends that drug sponsors include elderly people (65
years and older) in clinical trials, as well as requiring that drug sponsors report data by age.
The US Government Accountability Office found that ~25% of clinical trials reviewed by
medical officers documented the sufficiency (or lack thereof) of representation of elderly
people (79).

Individuals with Decisional Impairment are those who have diminished capacity for
understanding information or making a reasoned decision due to a cognitive or emotional
disorder. A legally authorized representative (LAR) may consent for these individuals to
participate in research studies. The LAR may be the spouse of a married person or any adult
child (80,81).

Animal models

The need for developing better translational animal models is an ongoing challenge. Many
species differences, a lack of knowledge on age specific maturation in different organ
systems, and a scarcity of appropriate disease models hinder the ability to effectively predict
human drug doses from animal studies.

In situations where human studies are not feasible (e.g. represent too much risk), animal
studies are pivotal in providing the information necessary to determine the appropriate
dosing and efficacy of a drug before it is used in the human population of interest. The
Animal Rule of 2014 is a draft guidance for industry for product development published by
the FDA (82). This guidance provides recommendations for drug development when human
efficacy studies are not ethical or feasible. The Animal Rule clearly states that FDA will rely
on evidence from animal studies to provide substantial evidence of effectiveness only when
all of the following four criteria, quoted below, are met (82, p. 3):

1. There is a reasonable well-understood pathophysiological mechanism of toxicity of
the substance and its prevention or substantial reduction by the product;

2. The effect is demonstrated in more than one animal species expected to react with a
response predictive for humans, unless the effect is demonstrated in a single animal
species that represents a sufficiently well-characterized animal model for predicting
the response in humans;

3. The animal study end-point is clearly related to the desired benefit in humans,
generally the enhancement of survival or prevention of major morbidity; and

4. The data or information on the kinetics and pharmacodynamics of the product or
other relevant data or information, in animals and humans, allows selection of an
effective dose in humans.

When focusing on women and the influence of hormones, one needs to consider the
differences in reproductive cycles. Animal with estrus cycles include rodents, dogs, cats,
swine, and sheep, all spontaneous ovulators, while cats and rabbits are induced ovulators. In
contrast, non-human primates, such as rhesus macaques, have a menstrual cycle similar to
humans. Placentation varies considerably amongst species, with the mouse and non-human
primate being similar to the human. Sheep have a cotyledonary placenta, which allows for
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poor transfer of substrate, rendering it an undesirable model for human placental transfer,
whereas guinea pigs are a well-established model for placental transfer and fetal growth
restriction (83).

Age-specific maturation of drug metabolizing enzymes and transporters as well as
physiological alterations need to be comparable to that of the human population being
investigated to assess the probability that drug absorption, distribution, metabolism, and
excretion will follow similar pathways. A number of studies have described the hepatic
ontogeny of phase | and 1l enzymes mainly in rodents (84,85) and also in sheep (86).
However, limitations with such models exist. For example, the sheep is a ruminant, and once
the young animal begins eating solid food it develops a multi-compartment stomach and
relies on fermentation for digestion, thus greatly altering the disposition of orally
administered compounds. Roth et al. (87) demonstrated that juvenile pigs can serve as a
human pediatric surrogate for pre-clinical pharmacokinetic testing of oral compounds as
demonstrated with rifampicin.

No animal model is perfect and an abundance of differences exist between humans and the
animals we use to model them; however, the information we gain from these studies will
guide us to evidence-based dosing strategies, ultimately resulting in improved patient care.

Discussion

In special populations there are often significant deficits in the quality and efficacy of
studies used to determine PK, PD, appropriate dosing, application in different age periods,
and many questions surrounding the derivation of doses for neonatal to children from adult
studies. The majority of data related to the safety of interventions and medicinal products
given to neonates or children are obtained from adult studies (88). A common assumption is
that safety and efficacy will be the same for children as it is in adults, and this is typically
accepted (58). However, this assumption is based on little, if any, evidence, and this means
that children, particularly those in the newborn group, are constantly participants in
uncontrolled N-of-1 trials (38). In circumstances where data is limited the use of a particular
drug for a given indication/condition can put children at increased risk (38). There are two
contradictory ethical requirements that need to be balanced with respect to children involved
in research; (1) there is a need to obtain evidence of efficacy and safety for the medication(s)
and (2) there is the need for respect and protection of the child in the research environment
(88).

It is well known that PK in pregnant women, children, and neonates is very different than in
adults with respect to drug absorption, distribution, metabolism, and elimination (39). These
specific characteristics impact the general fundamentals of clinical pharmacology, clinical
research, and clinical trials and warrant a population-focused approach for drug
administration and patient-specific PK and PD (89). Those involved in drug development
should consider different study designs that account for the PK characteristics of pregnant
women, children, and neonates as well as comply with the regulatory and ethical concerns of
clinical research in these populations (89).
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One set of tools that can be applied by clinical pharmacologists are the application of
modeling and simulation techniques (89). Population modeling has been driven by the need
for accurate PK models of numerous drugs. Non-linear mixed effects modeling is commonly
used for a population-based approach, with inclusion of estimates of intra- and inter-
individual variability which allows for simulation of drug dosing regimens. The technique
also allows for the inclusion of covariates for disease state, bodyweight, and age, which are
of particular relevance to pediatric and neonatal populations, to be taken into account in the
PK analysis (55).

Marsot et al. (39), in reviewing population PK studies in newborns and infants, found that
51% of studies that used these software tool and advanced clinical trial designs and
techniques reported an estimate for PK parameters in that population, with 49% concluding
with dosing recommendations, despite the fact these studies had not made a clinical
evaluation of the new proposed dosing regimen (11,90).

Over the last 10 years there has been an increase in the use of modeling techniques to
improve not only drug development efficiency, but also for the design and conduct of
clinical studies in neonates, pediatric patients, and pregnant women which has always been
challenging (91). Population PK modeling offers many advantages to doing drug studies in
these special populations (54). The increasing number of studies correlates with the use of
spares data, which reduces the need for large blood volumes and invasiveness, making it
increasingly possible to do robust PK studies in special populations (92). This approach is of
immense benefit to not only clinicians treating special populations, but to those undertaking
clinical trials. Consideration of the specific requirements of special populations will
continue to allow more studies to be done where one study can use different doses, times of
sampling, numbers of samples, and occasions, and be conducted under “daily life”
conditions (93).

Future considerations for clinical research

The various groups that make up special populations are clearly defined within the Code of
Federal Regulations. The definition of special population exists to provide enhanced
awareness of their vulnerabilities, thereby allowing the creation of regulatory guidance
aimed to decrease injury or outright harm. This definition attempted to define and support
the ethical position needed to afford this protection, yet has been used to justify the
avoidance of much needed research in the very same special populations that the regulations
were intended to protect.

It is clear that the intent of these regulations was not to cripple or hinder the attainment of
knowledge, but rather to allow data to be gathered in an ethical and respectful manner. The
dualism of obtaining assent from a cognizant, yet legally immature participant, while
obtaining parental or guardian permission to satisfy the legal need for consent, places the
necessary choices in the hands of those who have the most at stake—the individual and their
guardian(s). While this does indeed take additional time and effort, it provides the assurance
that the highest quality data can be obtained without placing undue burdens upon the
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participant. This is no different than clinical care or behavior within the school system, yet it
has a disproportionate effect on research that is not seen in either of the two other situations.

A balance that allows the ethical gathering of information from pregnant women, children,
prisoners, and those with impaired cognition is necessary and long overdue. Special
populations should not be forced to remain “special” out of ignorance of their conditions,
treatments, adverse events, and outcomes. Research must be conducted to enhance our
knowledge and provide better care for each individual within those populations, for the same
ethical reason that they are considered special. For those individuals who do this type of
research, adhering to the regulations is second nature as there is an intrinsic understanding of
those populations and the importance of the protections. Often, those who do not understand
the need for the regulations or the populations cite those regulations as reasons to not
conduct research in those groups that it is most needed. This is clearly seen when it comes to
decisions of funding of research, recruitment of potential participants, and publication of
results.

To make the progress in research that these special populations deserve, a change in attitude
needs to occur. The uniqueness of these populations requires research to be done, and when
done, performed in a manner that ensures all protections of each participant are upheld.
These populations deserve the ability to understand their own health, care, and well-being
based upon actual data, just as other groups that are receiving optimal care.

Conclusions

The frequently dynamic physiology (e.g. state of pregnancy or processes of maturation)
presents a formidable challenge for testing drugs in special populations. Nonetheless, these
patients, in whom the drugs will be used, deserve dosing recommendations that are based on
adequate and accurate information derived from controlled trials. All of the populations
outlined have increased inter-patient variability and confounders that necessitate the need for
larger sample size when studies are undertaken. All populations deserve to be included in
research studies, to increase understanding of the benefit and risks of a medication. The
principle of “respect for persons” embodies the concept that individuals be invited and not
deprived of the opportunity to participate in research.
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Figure 1.
Timeline of the changes to the regulations related to pediatric product development (67).
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