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Abstract 

Background: With the exception of genotoxic oncology drugs, first-in-human, Phase 1 clinical studies of investiga-
tional drugs have traditionally been conducted in healthy volunteers (HVs). The primary goal of these studies is to 
investigate the pharmacokinetics and pharmacodynamics of a novel drug candidate, determine appropriate dosing, 
and document safety and tolerability.

Main body: When tailored to specific study objectives, HV studies are beneficial to manufacturers and patients alike 
and can be applied to both non-oncology and oncology drug development. Enrollment of HVs not only increases 
study accrual rates for dose-escalation studies but also alleviates the ethical concern of enrolling patients with disease 
in a short-term study at subtherapeutic doses when other studies (e.g. Phase 2 or Phase 3 studies) may be more 
appropriate for the patient. The use of HVs in non-oncology Phase 1 clinical trials is relatively safe but nonetheless 
poses ethical challenges because of the potential risks to which HVs are exposed. In general, most adverse events 
associated with non-oncology drugs are mild in severity, and serious adverse events are rare, but examples of severe 
toxicity have been reported. The use of HVs in the clinical development of oncology drugs is more limited but is 
nonetheless useful for evaluating clinical pharmacology and establishing an appropriate starting dose for studies in 
cancer patients. During the development of oncology drugs, clinical pharmacology studies in HVs have been used to 
assess pharmacokinetics, drug metabolism, food effects, potential drug–drug interactions, effects of hepatic and renal 
impairment, and other pharmacologic parameters vital for clinical decision-making in oncology. Studies in HVs are 
also being used to evaluate biosimilars versus established anticancer biologic agents.

Conclusion: A thorough assessment of toxicity and pharmacology throughout the drug development process is 
critical to ensure the safety of HVs. With the appropriate safeguards, HVs will continue to play an important role in 
future drug development.

Keywords: Healthy volunteer, Phase 1, First-in-human, Safety, Toxicity, Pharmacokinetic, Pharmacodynamic, 
Bioequivalence, Medical ethics
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Background
Clinical drug development is divided into 4 phases. Phase 
1 studies are designed to establish the safety and toler-
ability profile of an investigational drug and the recom-
mended Phase 2 dose [1–3]. Phase 2 studies are designed 
to establish the clinical effectiveness of a novel drug 
candidate in a small patient population at a therapeutic 
dose [1, 2]. Phase 3 studies are usually large, randomized, 

controlled trials designed to establish the benefit-risk 
profile of a novel drug candidate at the recommended 
dose and schedule and to support regulatory approval 
[1, 2]. Finally, Phase 4 studies are post-approval studies 
designed to further define the safety and effectiveness of 
an approved drug in a real-world setting [1, 2].

With the exception of genotoxic oncology drugs, 
first-in-human (FIH), Phase 1 clinical studies for a wide 
range of investigational drugs have traditionally been 
conducted in healthy volunteers (HVs), defined by the 
National Institutes of Health as “someone with no known 
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significant health problems who participates in research 
to test a new drug, device, or intervention” [4]. The pri-
mary goal of HV studies is to investigate the pharmacoki-
netics (PK) and pharmacodynamics (PD) of a novel drug 
candidate, determine appropriate dosing, and document 
safety and tolerability [3]. Phase 1 trials typically involve 
20 to 80 HVs divided into small cohorts of 3 to 6 sub-
jects who receive escalating doses of the investigational 
drug. The goal is to determine the mechanisms by which 
the drug is absorbed, metabolized, and excreted; define 
the PK profile; and characterize the safety and tolerabil-
ity profile in humans across a range of doses [1, 2]. In the 
United States, approximately 70% of experimental drugs 
pass the first phase [5]. The HV model is ideal for this 
type of early clinical research because it allows testing of 
the pharmacology and safety profile of a drug candidate 
without the influence of any pathological conditions.

HV studies typically include both male and female 
subjects. However, historically, women were under-
represented in clinical trials, particularly in early trials, 
or excluded due to pregnancy risks [6–8]. In the early 
1990s, regulatory authorities requested the inclusion 
of women in drug development to thoroughly evaluate 
potential gender-related differences in the clinical phar-
macology of new therapeutic agents [9]. Since then, it has 
been recognized that women and men differ in how they 
absorb, metabolize and excrete certain therapeutic prod-
ucts. Several factors may contribute to these variations, 
including body composition, hormonal changes, plasma 
volume, gastric emptying time, plasma protein levels, 
and cytochrome P450 activity [10–13]. Furthermore, evi-
dence also suggests that the frequency of adverse events 
(AEs) reported may be higher in women than men, 
which could be due, at least in part, to potential hormo-
nal effects on physiologic functions [14, 15]. However, by 
enrolling both male and female subjects in clinical trials, 
gender-related differences, including drug responses rela-
tive to safety and efficacy, can be better identified to more 
carefully direct clinical decision-making.

Phase 1 studies in HVs generally comprise screening 
of subjects followed by admission of eligible subjects 
to a clinical research unit, confinement to the clini-
cal research unit until discharge, and follow-up (Fig. 1). 
These studies have distinct advantages but also raise a 
variety of ethical questions because HVs are exposed to 
risks without any expectation or potential of a health 
benefit. Until recently, however, the true nature of that 
risk has not been clearly defined. These concerns have 
prompted re-examination of the underlying rationale for 
HV studies, the risks involved, and the regulations that 
govern them.

HVs are recruited by offering financial incentives (i.e. 
remuneration for their time and trouble). If, as some 

have suggested, the financial reward is the primary or 
sole motivation for participation, it raises ethical con-
cerns that study subjects may disregard potential risks or 
provide false information regarding their health history. 
However, a systematic review of the reasons that HVs 
participate in these studies revealed that financial incen-
tives are not the only motivation [16]. Participants cited 
various other reasons, including a desire to contribute 
to science or to the health of others, an opportunity to 
access ancillary healthcare benefits, scientific interest, 
meeting people, and curiosity. This study further showed 
that most HVs do carefully consider the risks when mak-
ing decisions about participation; indeed, risk can be a 
major deciding factor among HVs [17]. In efforts to inves-
tigate potential risks to HVs, a survey of clinicians from 
the British Pharmacological Society published in 1989 
found that < 1% of > 8000 HVs involved in clinical studies 
over a 12-month period experienced moderately severe 
AEs, and 0.04% experienced potentially life-threatening 
AEs [18]. More recently, in a systematic review of 475 HV 
studies to examine the risk of harm, Johnson and col-
leagues [19] concluded that Phase 1 HV trials pose a low 
risk of severe or serious harm to study subjects, report-
ing that AEs of moderate severity occurred at a rate of 
46/1000 participants per monitoring day.

Although the risks to HVs are generally considered 
to be acceptable, cases that highlight the potential risks 

Fig. 1 General design of healthy volunteer studies. CRU  Clinical 
Research Unit
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have resulted in reforms to the European regulations for 
HV studies. One case involved an FIH study, conducted 
in London, United Kingdom in 2006, of an immunomod-
ulatory drug called TGN1412, a novel super agonist anti-
CD28 monoclonal antibody that directly stimulates T 
cells. Six subjects were dosed simultaneously at the no-
observed-adverse-effect level (NOAEL), but all 6 rapidly 
developed severe cytokine release syndrome and acute 
respiratory distress syndrome requiring intensive sup-
portive care [20]. Although there were no deaths in that 
case, a similar situation in Rennes, France in 2016 (BIA 
10-2474 trial) did result in the death of one HV who 
received a fatty acid amide hydrolase (FAAH) inhibitor 
and died 1  week after being hospitalized with neuro-
logic symptoms [21]. As a direct result of the first case, 
the European Medicines Agency published a guideline in 
2007 to emphasize that absolute consideration should be 
given to characterizing risks and implementing appropri-
ate strategies to mitigate the risks associated with FIH 
clinical studies [22]. The 2007 guidelines were revised 
after the case in France [23, 24]. These reforms empha-
size that the safety of study subjects (whether patients 
or HVs) should always be the number one priority. The 
European Medicines Agency guideline recommends inte-
grated protocols to ensure that relevant animal models 
are employed, the mechanism(s) of action and PD effects 
of a drug are well understood, and the starting dose for 
FIH studies is based on either the minimal anticipated 
biological effect level or the pharmacologically active 
dose, which is usually lower than the NOAEL [23].

These important reforms along with a greater under-
standing and appreciation of the risks to human subjects 
should ensure that the advantages of HV studies are not 
overshadowed by unreasonable risks or ethical concerns. 
In this review, we will focus on the current and future 
role of HV studies in the development of investigational 
non-oncology and oncology drugs and examine the 
design of PK modeling FIH studies in HVs.

Non‑oncology trials
Although the use of HVs in non-oncology Phase 1 clinical 
trials is relatively safe (defined as a low probability of risk 
based on preclinical toxicology data and selected start-
ing doses with large safety margins), ethical challenges 
exist because of the potential risks to which participants 
are exposed. We present as examples the risks to HVs 
in studies of 2 classes of non-oncological drugs, namely 
proprotein convertase subtilisin/kexin type 9 (PCSK9) 
inhibitors, which lower cholesterol and prevent athero-
sclerotic cardiovascular disease, and sodium–glucose 
cotransporter-2 (SGLT-2) inhibitors, which lower serum 
glucose levels in patients with diabetes and have newly 
recognized cardiovascular benefits (Table 1).

Inhibitors of PCSK9, a protease that leads to the 
destruction of low-density lipoprotein cholesterol (LDL-
C) receptors, have been developed as adjuncts to diet 
and maximally tolerated statin therapy for adults with 
heterozygous familial hypercholesterolemia or clinical 
atherosclerotic cardiovascular disease requiring addi-
tional lowering of LDL-C [25]. Two agents that target 
and inactivate PCSK9, evolocumab and alirocumab, 
have been approved by the United States Food and Drug 
Administration (FDA). Both prevent the destruction 
of LDL-C receptors, thereby lowering LDL-C levels by 
50% to 60%. Regarding inhibitors of PCSK9, monoclo-
nal antibodies have proven to be the most effective [25]. 
In 3 Phase 1 trials (2 single dose and 1 multiple dose) 
of alirocumab (REGN727) in 133 HVs, 2 subjects in the 
single-dose studies had serious adverse events (SAEs); no 
SAEs were reported in the multiple-dose study [26]. The 
SAEs were abdominal pain and rectal bleeding in a sub-
ject who received placebo, and small bowel obstruction 
in a subject with an appendectomy history who received 
alirocumab. Evolocumab (AMG  145) was evaluated in 
2  Phase  1, blinded, placebo-controlled, randomized (by 
dose) trials in HVs, and no SAEs were reported [27].

SGLT-2 inhibitors lower glucose levels by blocking 
its reabsorption in renal tubules, thereby enhancing 

Table 1 Selected trials of non‑oncology drugs in healthy volunteers. Source: ClinicalTrials.gov

GLP-1, glucagon-like peptide 1; MOA, mechanism of action; PCSK9, proprotein convertase subtilisin/kexin type 9; PK, pharmacokinetics; SGLT-2, sodium–glucose 
cotransporter-2

NCT number Treatment Target/MOA Study design Outcomes Enrolled (N)

Completed clinical trials

 NCT01396161 PF-05175157 Acetyl-CoA carboxylase inhibitor Randomized, double-blind, placebo-controlled PK, safety 64

 NCT00741026 Olanzapine Muscarinic (M3) receptor antagonist Randomized, double-blind, placebo-controlled PK, safety 15

 NCT00894322 Exenatide GLP-1 receptor agonist Randomized, single-blind PK, safety 65

 NCT01380730 Evolocumab PCSK9 monoclonal antibody inhibition Randomized, quadruple-blind, placebo-con-
trolled

PK, safety 629

 NCT00924053 Bexagliflozin SGLT-2 inhibitor Randomized, quadruple-blind, placebo-con-
trolled

PK, safety 24
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excretion of excess glucose [28]. Currently, the FDA has 
approved 4 SGLT-2 inhibitors: canagliflozin, empagli-
flozin, ertugliflozin, and dapagliflozin. Canagliflozin and 
empagliflozin have been evaluated in completed large 
cardiovascular outcomes trials [29, 30]. These drugs all 
have similar overall benefit-risk profiles, and they work 
to reduce HbA1c and fasting glucose levels while occa-
sionally increasing the risk for certain infections. The 
frequency of AEs associated with SGLT-2 inhibitors 
has been comparable across the drug class, and risks 
to Phase  1 participants have remained extremely low 
at all doses [28]. Ertugliflozin has been tested as part of 
the VERTIS clinical development program. In a Phase 
1 controlled study, the effect of ertugliflozin on car-
diac repolarization was examined in 42 HVs [31]. The 
HVs experienced no clinically significant changes in 
their electrocardiogram parameters at a supratherapeu-
tic dose (100 mg) of ertugliflozin, and most AEs were of 
mild severity. Later trials in patients with type 2 diabetes 
mellitus or stage 3A chronic kidney disease showed that 
ertugliflozin (5 and 15 mg) could reduce HbA1c levels in 
both type 2 diabetes mellitus and stage 3A chronic kid-
ney disease cohorts [32].

Similar to that shown in these FIH studies of non-
oncology drugs, a meta-analysis of Phase 1 trials con-
ducted at Pfizer dedicated Phase 1 testing sites between 
2004 and 2011 showed that in 11,028 HVs who received 
study drug, most AEs (85%) were mild and only 34 SAEs 
(0.31%) occurred, with none resulting in life-threatening 
complications or deaths. Approximately half of all AEs 
were related to the study drug or to study-related pro-
cedures [33]. In another large analysis of Phase 1 trials 
published between 2008 and 2012, there was a median 
of zero SAEs and zero severe AEs [19]. The authors con-
cluded that, although recent non-oncological agents in 
Phase 1 trials may pose mild to moderate risks to HVs, 
there is a low likelihood of severe harm. In a systematic 
review of 355 HVs in the Bristol-Meyers Squibb database, 
which excluded oncology studies, there were no safety 
concerns regarding SAEs or deaths [34].

These examples highlight the overall favorable safety 
profile observed in HV studies of investigational non-
oncology drugs. Serious or severe AEs are rarely 
reported. However, as the case of BIA 10-2474 illus-
trates, there is the potential for non-oncology drugs to 
cause significant harm, particularly those with neurologic 
or cardiac effects. In this case, BIA 10-2474 was tested 
in 2 single-dose, dose-escalation studies at doses up to 
100  mg with no safety concerns; however, in a subse-
quent Phase 1 study, 6 HVs who received multiple daily 
doses of 50 mg/day over 5 days developed severe neuro-
logic side effects, and one subject went into a coma and 
died [35]. This study revealed a possible threshold effect 

of BIA 10-2474 that was not anticipated based on the 
PK and safety data available at the time. BIA 10-2474 is 
an FAAH inhibitor that reduces catabolism of endocan-
nabinoids, thereby increasing their concentration in the 
central nervous system. The endocannabinoids have been 
implicated in a variety of neurologic conditions such as 
chronic pain, depression, and anxiety disorders, and a 
variety of exogenous cannabinoids are approved for use 
but have some neurologic side effects, such as impaired 
cognition and motor functions. Administration of an 
FAAH inhibitor was thought to reduce the risk of those 
side effects, and several other members of this drug class 
have been tested clinically and are well tolerated. After 
intense investigation, it is believed that BIA 10-2474 has 
off-target effects on several lipases in the brain, which 
may affect how neurons metabolize lipids. This may have 
been the cause of the observed toxicity, but a definitive 
cause has yet to be determined [36]. Nevertheless, this 
case highlights the potential risk any time a novel agent is 
tested in humans and emphasizes the importance of rig-
orous preclinical testing to fully characterize its activity. 
Furthermore, precise and appropriate safety parameters 
are necessary to properly screen HVs, to determine clini-
cal trial eligibility criteria for a given therapeutic area, 
and to carefully monitor HVs during Phase 1 studies to 
inform dosing decisions.

Oncology trials
In oncology drug development, early clinical trials have 
typically not been done in HVs as the investigation of 
cytotoxic chemotherapy was traditionally only consid-
ered ethical in cancer patients [37]. The use of HVs in 
studies of agents intended for cancer patients may seem 
paradoxical, yet the principles underlying HV oncology 
studies are the same as for all HV studies. The percep-
tion that it is inappropriate to expose HVs to molecules 
intended for use in cancer patients stems from the histor-
ical use of cytotoxic chemotherapy, with their attendant 
narrow therapeutic index and potential for lasting DNA 
damage. However, the emergence of molecularly targeted 
agents as effective cancer therapies has resulted in oppor-
tunities to characterize these molecules in HVs, providing 
a path forward for increased information gathering with-
out the need for large numbers of cancer patients. Impor-
tantly, the use of HVs also allows the circumvention of 
the traditional ethical dilemma of treating advanced can-
cer patients with subtherapeutic doses of an investiga-
tional drug in order to obtain preliminary safety data. The 
reduced treatment-related toxicities shown with targeted 
therapies have led to the reassessment of the potential 
risks and benefits of HV studies [38]. Following an analy-
sis of Phase 1 clinical trials conducted from 1991 to 2002, 
which demonstrated a marked reduction in toxic deaths 
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over the time period [39], the FDA issued a statement in 
favor of HV studies for non-cytotoxic anticancer drugs. 
Alongside preclinical (e.g. genotoxicity assessments) and 
clinical considerations (e.g. 1 to 2 doses at most), the 
FDA cited several reasons to conduct HV clinical tri-
als, including “exploration of bioavailability, reduction of 
patient exposure to relatively low/ineffective drug doses, 
and relatively rapid study accrual” [40]. An increase in the 
number of anticancer Phase 1 clinical trials enrolling HVs 
has since been observed in recent years [41]. Select clini-
cal trials of oncology drugs in HVs are shown in Table 2.

Traditional oncology FIH trials use a modified ver-
sion of the up-and-down method created in 1948 by 
Dixon and Mood [42]. In the traditional 3 + 3 Phase 1 
design, a minimum of 3 participants is studied at each 
dose level (Fig. 2a). If none of the 3 participants experi-
ences a dose-limiting toxicity (DLT), the next group of 3 
participants is enrolled into the subsequent highest dose 
level. If one of the 3 participants experiences a DLT, up 
to 3 additional participants are enrolled for a total of 6 
participants. When DLTs are observed in at least 2 par-
ticipants out of either 3 or 6 participants, the maximum 
administered dose is reached and additional participants 
are enrolled in the next lower dose level (the maximum 
tolerated dose). The maximum tolerated dose is defined 
as the dose level at which none or 1 of 6 participants (0% 
to 17%) experiences a DLT. In the 3 + 3 design, accrual is 
suspended after enrollment of each cohort of 3 partici-
pants and resumed when all 3 participants have cleared 
the DLT period. The dose is increased in each subsequent 
cohort using a modified Fibonacci sequence in which-
ever higher escalation steps have ever decreasing relative 
increments (e.g. dose increases of 100%, 65%, 50%, 40%, 
and 30% thereafter).

The traditional 3 + 3 design has many limitations, 
including long delays in accrual, replacement of noneval-
uable patients, and limited characterization of PK given 
the small sample sizes. In addition, it can be difficult 
to determine whether an AE is related to the investiga-
tional drug or to a symptom of the underlying metastatic 
cancer. Moreover, due to the conservative nature of the 
dose-escalation scheme, many patients are exposed to 
subtherapeutic doses of the study drug, thus raising the 
ethical question of whether it is appropriate to knowingly 
expose patients with advanced cancer to ineffective doses 
of experimental therapies. Some investigators have thus 
modified the traditional design to enroll only 1 patient 
per cohort and conduct sequential 100% dose escalations 
until a drug-related grade 2 toxicity is observed, at which 
point the traditional 3 + 3 design and modified Fibo-
nacci dose escalations commence. This has been termed 
the “accelerated titration design” (Fig.  2b). Another 

modification, the “rolling six,” has been proposed as a 
means of accelerating FIH cancer trials, albeit with a 
slight increase in the number of patients required [43].

Conducting FIH trials of oncology drugs in HVs can 
address many of the issues raised with the 3 + 3 design 
or its variants. Accrual is generally very rapid with all 
subjects being enrolled on the same day, nonevaluable 
subjects are rare, and sample size can be increased with 
no increase in time to conduct the trial. Also, the rela-
tionship of AEs to study drug can generally be clearly 
ascertained due to the otherwise healthy nature of the 
study subjects. Perhaps most importantly, patients with 
advanced cancer are not exposed to subtherapeutic doses 
of experimental therapies. The main disadvantage of con-
ducting FIH trials in HVs is an inability to assess the PD 
effects of the drug if the molecular target is unique to the 
cancer cell (e.g. a tumor-specific mutated protein). Fur-
thermore, it is obviously not possible to examine antitu-
mor activity in HVs.

Two issues typically are considered when deciding 
whether it is appropriate to conduct an FIH study of an 
oncology drug in HVs: potential for genotoxicity and 
predicted starting dose. Genotoxicity is defined as the 
property of a chemical agent to damage DNA, potentially 
leading to carcinogenesis. HV studies require comple-
tion of in vitro and in vivo genotoxicity studies, whereas 
genotoxicity study requirements are generally waived for 
cytotoxic drugs, which are already known to be geno-
toxic. Thus, when considering whether to conduct stud-
ies in HVs, investigators will need to consider the time 
and cost to conduct genotoxicity studies and consider 
whether the specific mechanism of the investigational 
drug is likely to be genotoxic. The predicted starting dose 
also plays a crucial role in determining feasibility of an 
FIH HV study. As previously noted, the starting dose for 
an FIH HV study is generally 1/10 of the rodent NOAEL. 
In contrast, the starting dose for cytotoxic drugs is gener-
ally 1/10 of the rodent severely toxic dose. If the preclini-
cal efficacious dose is equal to or less than the NOAEL 
and the mechanism of the drug is predicted to be non-
genotoxic, a strong case can be made to conduct the FIH 
trial in HVs. If the preclinical efficacious dose far exceeds 
the NOAEL or approaches 1/10 of the severely toxic 
dose, it is still possible to conduct the FIH trial in HVs, 
albeit simply to characterize the PK of the molecule. It 
is important to note that the above considerations apply 
equally to small molecules, monoclonal antibodies, cell 
therapies, and other emerging modalities such as RNA 
therapeutics. Indeed, HV studies have been conducted, 
for example, with anti-colony-stimulating factor 1 (CSF1) 
and anti-CSF1R antibodies [44].
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Characterizing the clinical pharmacology 
of anticancer drugs in healthy volunteers
Although most studies in an oncology drug development 
program are designed to characterize the safety and effi-
cacy of the molecule, an even greater number of studies 
are conducted to characterize the clinical pharmacology 
of the molecule. Clinical pharmacology studies for anti-
cancer drugs have multiple objectives and designs that 
lend themselves to being conducted in HVs (Table 3), and 
they differ greatly from typical FIH studies conducted in 
cancer patients who have exhausted all lines of therapy 
in the era of cytotoxic chemotherapy [39]. In fact, HVs 
may be a better population for assessing the PK of a novel 
drug candidate because performance status can contrib-
ute to differences in PK parameters. Although repre-
sentative patient populations are essential for appropriate 
dose selection, much can be learned from clinical phar-
macology studies conducted in HVs. Such studies typi-
cally utilize small cohorts, with appropriate controls, to 
provide specific information about PK, drug metabolism, 
food effects, potential drug–drug interactions, effects of 
hepatic and renal impairment, and other pharmacologic 
parameters vital for clinical decision making. Studies in 
HVs are also being used to demonstrate the similarity of 
biosimilars to established anticancer biologic agents.

Clinical pharmacology studies employ a wide range of 
designs. For example, the crossover study design is widely 

used to compare different formulations of a drug. A ref-
erence formulation is initially given to the subject, fol-
lowed by a washout period and the administration of an 
investigational formulation. Crossover studies reduce the 
required number of subjects and limit potential sources 
of variation or confounding [45]. Deviations from crosso-
ver studies include matched control studies and rand-
omized controlled studies, and these are justified on the 
basis of a particular study objective and/or the level of 
evidence required. Complete characterization of absorp-
tion, distribution, metabolism, and elimination can also 
be accomplished by administering a radiolabeled drug to 
HVs (n < 10) in a biospecimen collection-focused mass 
balance study design [23, 46–48].

Determination of bioequivalence is an industry stand-
ard approach to quantify whether the maximum con-
centration, time to maximum concentration, and area 
under the concentration–time curve (AUC t and AUC 
0−∞) of a new drug formulation is within the 80% to 
125% range of the 90% confidence interval of a reference 
formulation (historical data or data collected on study), 
which is required to demonstrate that the formulations 
are bioequivalent [49]. Bioequivalence studies are espe-
cially important for understanding oral formulations, 
which have become a standard drug delivery method in 
oncology during the era of targeted therapies (e.g. tyros-
ine kinase inhibitors) [50]. Such studies can optimize the 
drug delivery by investigating several experimental for-
mulations and determining the extent of absorption with 
and without food (i.e. food effect studies) [51, 52] or with 
gastric pH-lowering agents (e.g.  H2-receptor antagonists, 
proton-pump inhibitors) [53, 54]. Bioequivalence studies 
typically use randomized, open-label, single-dose, Phase 
1 designs that can enroll HVs. In recent investigations 
of abiraterone acetate, a CYP17 inhibitor approved for 
metastatic prostate cancer, HV studies have been used 
to investigate bioequivalence to a reference formulation 
with smaller doses via exploitation of food effect or opti-
mized formulations [55–57]. Other recent HV studies, 
specifically studies investigating bevacizumab formula-
tions [58–61], have incorporated blinded, randomized, 
single-dose, parallel group designs with at least 30 sub-
jects per group.

HVs have recently been enrolled in studies evaluating 
biosimilars to originator biologics such as trastuzumab 
[62]. Studies in HVs can be used to assess PK bioequiva-
lence and to compare the immunogenicity of a biosimilar 
with that of the originator biologic [63]. In this setting, 
HVs are ideal study subjects because, unlike cancer 
patients, they have a fully intact immune system.

HV studies are also frequently used to measure metab-
olism and elimination and assess factors that can affect 
metabolism and elimination. For example, drug–drug 

Fig. 2 Traditional (a) and modified (b) first-in-human study designs. 
DL dose level, DLT dose-limiting toxicity, G2 grade 2, MAD maximum 
administered dose, MTD maximum tolerated dose
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interaction studies determine whether specific agents 
co-administered with the drug in question can affect its 
metabolism. Drugs metabolized by the same cytochrome 
P450 (CYP) enzymes in the liver often exhibit drug–drug 
interactions. HV drug–drug interaction studies typically 
utilize a crossover design, quantifying the PK parameters 
of the study drug with and without a known enzyme 
inhibitor (e.g. ketoconazole and CYP3A4) or inducer (e.g. 
rifampin and CYP3A4) [64–66]. The effects of hepatic 
and renal impairment on clearance and AUC have also 
been assessed in studies of HVs. However, because a 
crossover design is not feasible for these studies, subjects 
with the specified organ impairment are usually matched 
with healthy controls to generate the appropriate com-
parisons [67–69].

PD endpoints have also been incorporated into HV 
studies of anticancer agents, specifically in those focus-
ing on dose-dependent toxicity or PD effect. A com-
mon example is studies investigating drug-induced QT 
prolongation, which utilize randomized crossover study 
designs with the added inclusion of a positive control 
(e.g. moxifloxacin) [70, 71]. Dose-escalation studies 
with short-term dosing schemes have also been used to 
evaluate maximum tolerated doses in HVs [72] and dose-
dependent changes in PD biomarkers, which serve as a 
surrogate for PD effects and offer insight into the drug’s 
mechanism of action [73]. However, HV studies investi-
gating dose-dependent toxicity and biomarker-driven PD 
effects usually do not provide sufficient evidence of safety 
or efficacy, and additional studies in cancer patients are 
often needed to fully characterize the profile of the drug.

Data from HV studies are also currently being incor-
porated into population PK models to analyze the effects 
of patient-specific characteristics (e.g. weight, age, geno-
type) on PK parameters (e.g. volume of distribution or 
clearance). Some published models have incorporated 
only HV study data [74], whereas others have included 
data from both HVs and cancer patients (Table  4) [75, 
76]. Although population PK models can be useful, the 
intent of such models must be well-defined, especially 
for prediction of patient-specific doses. Differences in 
PK parameters between HVs and cancer patients should 
be assumed and then tested as a covariate in model 
development unless proven otherwise. For example, 
a recent population PK analysis of cabozantinib dem-
onstrated that patients with medullary thyroid carci-
noma had an approximate 93% increase in clearance 
relative to HVs, leading to 40% to 50% lower predicted 
steady-state plasma concentrations [77]. As a result, the 
FDA-approved dose for medullary thyroid carcinoma is 
140  mg compared with only 60  mg for renal cell carci-
noma [77]. This example highlights the potential limita-
tions of population PK data based solely on HVs.

Conclusion and future directions
When tailored to specific study objectives, HV studies 
are beneficial to both manufacturers and patients alike 
and can be applied to both non-oncology and oncology 
drug development. Enrollment of HVs not only increases 
study accrual rates for single- and multiple-dose PK 
endpoint-driven studies but also alleviates the ethical 
concern of enrolling patients with advanced disease in 
a short-term study at subtherapeutic doses when other 
studies (e.g. Phase 2 or Phase 3 studies) may be more 
appropriate for the patient. The use of HVs for FIH stud-
ies of non-oncology drugs is generally safe, and SAEs 
are rare, although examples of severe toxicity have been 
reported. Although the use of HVs in the clinical devel-
opment of oncology drugs is more limited, it is none-
theless useful for evaluating clinical pharmacology and 
establishing an appropriate starting dose for studies in 
cancer patients. A thorough assessment of toxicity and 
pharmacology throughout the drug development process 
is critical to ensure the safety of HVs. With the appropri-
ate safeguards, HVs will continue to play an important 
role in future drug development.

Over the past several years, a fundamental shift has 
occurred in the clinical research community to engage 
study participants as partners in the design and con-
duct of clinical research as opposed to engaging them 
purely as subjects from whom data are collected and 
outcomes measured. Embracing participants as collabo-
rators has been driven by many factors, including poor 
patient trust of clinical research and the onerous nature 
of many clinical trial protocol procedures and follow-
up [78]. Groups such as the Patient-Centered Outcomes 
Research Institute, which recently launched the National 
Patient-Centered Clinical Research Network (PCOR-
net), have systematically brought together patients, clini-
cians, researchers and healthcare system leaders to create 
policy, infrastructure and acceptance for evidence gen-
eration through large simple pragmatic trials that benefit 
from participants as collaborators.

In 2018, the Clinical Trials Transformation Initiative 
published information about the potential advantages 
of patient engagement. Patient engagement efforts can 
result in enhanced clinically relevant hypotheses, assist 
in identifying relevant measurements for patient out-
comes, limit time and emotional burden for research 
participation, and lead to improvements in recruitment 
and perhaps more importantly retention in clinical stud-
ies [79]. Although many aspects of patient engagement 
with researchers are motivated by specific interests in 
their own disease or that of a family member, many of 
the learnings from recent patient engagement efforts are 
directly applicable to HV studies. For example, engag-
ing patient groups early in the clinical trial process and 



Page 12 of 15Karakunnel et al. J Transl Med          (2018) 16:336 

Ta
bl

e 
4 

Se
le

ct
ed

 p
op

ul
at

io
n 

ph
ar

m
ac

ok
in

et
ic

 a
na

ly
se

s 
of

 a
nt

ic
an

ce
r d

ru
gs

 w
it

h 
th

e 
in

cl
us

io
n 

of
 h

ea
lt

hy
 v

ol
un

te
er

s

H
V,

 h
ea

lth
y 

vo
lu

nt
ee

rs
; M

O
A

, m
ec

ha
ni

sm
s 

of
 a

ct
io

n;
 M

TC
, m

ed
ul

la
ry

 th
yr

oi
d 

ca
nc

er
; P

D
G

FR
, p

la
te

le
t-

de
riv

ed
 g

ro
w

th
 fa

ct
or

 re
ce

pt
or

; P
K,

 p
ha

rm
ac

ok
in

et
ic

s;
 V

EG
FR

, v
as

cu
la

r e
nd

ot
he

lia
l g

ro
w

th
 fa

ct
or

 re
ce

pt
or

PM
ID

 n
um

be
r

Tr
ea

tm
en

t (
M

O
A

)
To

ta
l s

tu
di

es
 in

cl
ud

ed
Pu

rp
os

e 
of

 p
op

ul
at

io
n 

ph
ar

m
ac

ok
in

et
ic

 m
od

el
Ke

y 
fin

di
ng

s
N

um
be

r o
f s

ub
je

ct
s

23
83

44
52

 [7
4]

A
xi

tin
ib

 (V
EG

FR
1,

 2
, a

nd
 3

 in
hi

bi
-

to
r)

10
 (a

ll 
Ph

as
e 

1)
Es

tim
at

e 
po

pu
la

tio
n 

pa
ra

m
et

er
s, 

ev
al

ua
te

 e
ffe

ct
 o

f f
oo

d,
 fo

rm
ul

a-
tio

n,
 d

em
og

ra
ph

ic
s, 

or
ga

n 
fu

nc
-

tio
n,

 m
et

ab
ol

ic
 g

en
ot

yp
e

Vo
lu

m
e 

of
 d

is
tr

ib
ut

io
n 

in
cr

ea
se

d 
w

ith
 b

od
y 

w
ei

gh
t, 

bu
t n

o 
im

pa
ct

 o
n 

dr
ug

 e
xp

os
ur

e 
w

ar
-

ra
nt

in
g 

do
se

 m
od

ifi
ca

tio
n

33
7 

(a
ll 

he
al

th
y)

28
83

33
80

 [8
2]

Se
lu

m
et

in
ib

 (M
EK

 in
hi

bi
to

r)
10

 (a
ll 

Ph
as

e 
1)

To
 d

et
er

m
in

e 
w

he
th

er
 th

e 
sa

m
e 

m
od

el
 is

 s
ui

ta
bl

e 
fo

r a
ll 

fo
rm

ul
a-

tio
ns

 a
nd

 fe
d 

co
nd

iti
on

s 
an

d 
to

 u
nd

er
st

an
d 

di
ffe

re
nc

es
 in

 
ab

so
rp

tio
n 

an
d 

re
la

tiv
e 

bi
oa

va
il-

ab
ili

ty
 w

ith
 e

ac
h 

st
ud

y

Co
nfi

rm
ed

 p
re

vi
ou

s 
fin

di
ng

s 
on

 
bi

oa
va

ila
bi

lit
y;

 a
dd

iti
on

al
 c

ov
ar

i-
at

es
 d

is
co

ve
re

d,
 n

on
e 

re
qu

iri
ng

 
do

se
 m

od
ifi

ca
tio

n

34
6 

(a
ll 

he
al

th
y,

 in
cl

ud
es

 s
ub

je
ct

s 
w

ith
 o

rg
an

 im
pa

irm
en

t)

26
87

95
94

 [7
5]

Le
nv

at
in

ib
 (V

EG
FR

1,
 2

, a
nd

 3
, 

PD
G

FR
β,

 R
ET

 in
hi

bi
to

r)
15

 (1
2-

Ph
as

e 
1,

 2
-P

ha
se

 2
, 1

-P
ha

se
 

3)
To

 c
ha

ra
ct

er
iz

e 
th

e 
PK

 p
ro

fil
e,

 
an

d 
id

en
tif

y 
fa

ct
or

s 
to

 e
xp

la
in

 
in

te
rin

di
vi

du
al

 P
K 

va
ria

bi
lit

y 
in

 
he

al
th

y 
su

bj
ec

ts
 a

nd
 p

at
ie

nt
s 

w
ith

 c
an

ce
r

N
o 

cl
in

ic
al

ly
 re

le
va

nt
 c

ov
ar

ia
te

s 
re

qu
iri

ng
 d

os
e 

ad
ju

st
m

en
t 

(in
cl

ud
in

g 
de

m
og

ra
ph

ic
s, 

bi
om

ar
ke

rs
, c

o-
ad

m
in

is
te

re
d 

ag
en

ts
, o

rg
an

 fu
nc

tio
n)

77
9 

(1
96

 h
ea

lth
y,

 5
83

 p
at

ie
nt

s 
w

ith
 

ca
nc

er
)

26
89

83
00

 [7
6]

So
ni

de
gi

b 
(S

m
o 

an
ta

go
ni

st
)

5 
(4

-P
ha

se
 1

, 1
-P

ha
se

 2
)

To
 d

ev
el

op
 a

 s
tr

uc
tu

ra
l P

K 
m

od
el

 
in

 h
ea

lth
y 

su
bj

ec
ts

 a
nd

 in
 

pa
tie

nt
s 

w
ith

 c
an

ce
r, 

ch
ar

ac
te

r-
iz

e 
co

va
ria

te
 e

ffe
ct

s, 
an

d 
de

te
r-

m
in

e 
so

ur
ce

s 
of

 v
ar

ia
bi

lit
y

H
ig

h-
fa

t m
ea

ls
 in

cr
ea

se
d 

bi
oa

va
ila

-
bi

lit
y 

fiv
ef

ol
d,

 h
ea

lth
y 

vo
lu

nt
ee

rs
 

ha
d 

th
re

ef
ol

d 
hi

gh
er

 c
le

ar
an

ce
, 

no
 d

os
e 

ad
ju

st
m

en
ts

 n
ee

de
d 

ba
se

d 
on

 p
at

ie
nt

 c
ha

ra
ct

er
is

tic
s 

(p
at

ie
nt

s 
w

ith
 c

an
ce

r)

43
6 

(8
5 

he
al

th
y,

 3
51

 p
at

ie
nt

s 
w

ith
 

ca
nc

er
)

29
68

72
44

 [7
7]

Ca
bo

za
nt

in
ib

 (V
EG

FR
2,

 R
ET

, c
-M

ET
 

in
hi

bi
to

r)
9 

(3
-P

ha
se

 1
, 2

-P
ha

se
 2

, 4
-P

ha
se

 3
)

To
 a

na
ly

ze
 th

e 
co

m
bi

ne
d 

PK
 d

at
a 

fro
m

 d
iff

er
en

t p
at

ie
nt

 p
op

ul
a-

tio
ns

 a
nd

 H
Vs

 to
 a

ss
es

s 
th

e 
eff

ec
t o

f c
an

ce
r t

yp
e,

 fo
rm

ul
a-

tio
n 

an
d 

do
se

Sm
al

l t
o 

m
od

er
at

e 
eff

ec
t o

f d
em

o-
gr

ap
hi

c 
co

va
ria

te
s 

on
 a

pp
ar

en
t 

cl
ea

ra
nc

e 
(C

L/
F)

; P
at

ie
nt

s 
w

ith
 

M
TC

 h
ad

 h
ig

he
r C

L/
F 

co
m

pa
re

d 
w

ith
 H

Vs
 a

nd
 o

th
er

 c
an

ce
r t

yp
es

15
34

 (1
40

 h
ea

lth
y,

 1
39

4 
pa

tie
nt

s 
w

ith
 c

an
ce

r)



Page 13 of 15Karakunnel et al. J Transl Med          (2018) 16:336 

investing in their education, not only in the science of 
their disease but also in clinical trial design, can contrib-
ute to identification of the optimal study population, ulti-
mately resulting in more efficient accrual and shortened 
timelines.
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