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Abstract

Developers of drugs, biologicals, and medical devices must ensure product safety, demonstrate
medical benefit in people, and mass produce the product. Preclinical development starts before
clinical trials and the main goals are to determine safety and effectiveness of the intervention. If
preclinical studies show that the therapy is safe and effective, clinical trials are started. Clinical
trial phases are steps in the research to determine if an intervention would be beneficial or de-
trimental to humans and include Phases 0, I, II, III, IV, and V clinical studies. Understanding the ba-
sis of clinical trial phases will help researchers plan and implement clinical study protocols and,
by doing so, improve the number of therapies coming to market for patients.
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1. Introduction

Developers of drugs, biologicals, and medical devices must ensure product safety, demonstrate medical benefit
in people, and mass produce the product. Preclinical development starts before clinical trials and the main goals
are to determine safety and effectiveness of the intervention. Research may include pharmacodynamics, phar-
macokinetics, absorption, distribution, metabolism and excretion studies, and toxicity testing. During preclinical
studies, in vitro and in vivo testing is performed. Toxicity includes studies of which organs are targeted and
long-term carcinogenic effects or effects on mammalian reproduction. Two species of animals are normally used
in drug development studies. Choice is determined on which animal gives the best correlation to human studies.
Medical devices are usually studied in larger animal species. No Observed Adverse Effect Level (NOAEL), the
level of exposure at which there is no biologically or statistically significant increase in the frequency or severity
of any adverse effects in the exposed population when compared to its appropriate control, is established based
on preclinical trials. These are used to determine initial Phase I clinical trial dosage levels on a mass active
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pharmaceutical ingredient (API) per mass patient basis.

If preclinical studies show that the therapy is safe and effective, clinical trials, defined as “scientifically con-
trolled studies of the safety and effectiveness of a therapeutic agent using consenting human subjects”, are
started. The four possible outcomes are: 1) the new treatment has a large beneficial effect and is superior to
standard treatment; 2) the new treatment is equivalent to standard treatment; 3) the new treatment is neither
clearly superior nor clearly inferior to standard treatment; or 4) a new treatment is inferior to standard treatment.
The US Food and Drug Administration (FDA) role begins after preclinical evaluation for safety and effective-
ness. These prospective studies are designed to answer specific questions about biomedical or behavioral inter-
ventions and must adhere to the principles of good clinical practices (GCP) [1]-[5]. Classification of the trial
may reflect how the researchers behave (observational versus interventional clinical trials), by their purpose
(prevention, screening, diagnostic, treatment, quality of life, or expanded access clinical trials), or whether the
trial design allows changes based on data accumulated during the trial (fixed versus adaptive clinical trials). Ten
areas that are carefully assessed in these clinical studies are protection of human subjects, sampling, degree of
masking, randomization, intention to treat analysis, selection of interventional and comparison groups, selection
of end points, interpretation of results, trial duration, and selection of traditional versus equivalence testing.
Randomized controlled trials (RCT) are the gold standard and are often used to evaluate the efficacy or effec-
tiveness of various types of medical intervention and may provide information about adverse effects [6]-[10].
Classifications of RCT’s include study design (parallel-group, crossover, cluster, or factorial), outcome of inter-
est (efficacy versus effectiveness), and evaluation of a hypothesis (superiority, noninferiority, or equivalence)
[11] [12]. The people being studied are randomly allocated to one of the different treatments that are under study.
The ideal randomization process maximizes statistical power, minimizes selection bias, and minimizes alloca-
tion bias [13]-[17].

Clinical trial phases are steps in the research to determine if an intervention would be beneficial or detrimental
to humans and include Phases O, I, 11, 111, IV, and V clinical studies [18] [19] (Table 1). During Phase 0, phar-
macodynamics and pharmacokinetics are determined. Safety studies are evaluated during Phase I, efficacy dur-
ing Phase 1, and confirmation of safety and efficacy during Phase Il1. Sentry studies are done in Phase 1V and
comparative effectiveness research and community-based research in Phase V. Although this sounds easy and
straightforward, definitions and purposes of the different phases become muddied and studies to determine if a
therapy should be used in the general population of patients may be complex and results difficult to interpret.
Clinical trials may go so wrong that unplanned changes in the population studied, end points or analysis plan
must be made [20]. Understanding the basis of clinical trial phases will help researchers plan and implement
clinical study protocols and, by doing so, improve the number of therapies coming to market for patients.

2. Phase 0 Clinical Trials

In September 2003, the National Institutes of Health (NIH) announced a series of initiatives to address the
growing crisis in moving new basic science discoveries to the market where they are available for patient use.
One of the objectives was strengthening clinical research infrastructure [21]. This was followed by an FDA re-
port issued in March 2004 analyzing the “Challenge and Opportunity on the Critical Path to New Medical
Products” [22]. US Pharmaceutical R & D Spending and the NIH Budget had increased dramatically between

Table 1. Clinical phase trials.

Phases Dosing Number of subjects Main goal of clinical phase
Preclinical Unrestricted Not applicable Testing in non-humans (efficacy, toxicities, pharmacokinetics)
0 Subtherapeutic About 10 Pharmacokinetics and pharmacodynamics
IA/IB Ascending doses 20 - 100 Dose-ranging
IHA/11IB Therapeutic dose 100 - 300 Drug efficacy
IHIA/NIB Therapeutic dose 1000 - 2000 Therapeutic effect
\Y Therapeutic dose Anyone seeking treatment Long-term effects
\Y% No dosing All reported use Research on data collected
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1993 and 2003, but major drug and biological product submissions to the FDA decreased. Investment required
for one successful drug launch increased from $1.1B in 1995-2000 to $1.7B in 2000-2002. The critical path,
which begins when candidate products are selected for development, was challenging, inefficient, and costly.
Clinical failure included safety problems and lack of effectiveness. The concern was stagnation and declining
innovation with a widening gap between knowledge and clinical use. A drug entering Phase | trials in 2000 was
not more likely to come to market than one entering Phase | trials in 1985 [23]. Improvement in prediction of
failure during early clinical trials saves in development costs and time to market [24]. The concept of explorato-
ry investigation new drug (IND) studies was a result of this FDA analysis and can help with determining wheth-
er a defined mechanism of action can also be observed in humans, provide information on pharmacokinetics,
select promising products from a group of candidates, and evaluate biodistribution. The purpose of these studies
is to help in the go versus no-go decision making process of a drug’s fate early in the development process using
human models rather than relying on animal data.

Exploratory IND studies (also known as Phase 0 studies) are conducted early in clinical phase studies and in-
volve limited human exposure and have no therapeutic or diagnostic intent. Doses are subtherapeutic and pa-
tients are monitored by the clinical researcher and involve about 10 study patients. Duration of a patient’s par-
ticipation is usually less than 1 week. Phamacodynamics and pharmacokinetics are studied. These trials are be-
fore the traditional dose escalation, safety, and tolerance studies, do not replace the Phase | clinical trials and do
not indicate whether a therapy has a positive impact on the targeted pathology. These studies help in eliminating
candidate therapies before they reach Phase | studies [25]-[27]. These trials were developed to shorten the criti-
cal path for drug development, to explore pharmacokinetic and pharmacodynamic profiles of IND’s in humans,
to help in accelerating identification of promising drugs, and to reduce development time and costs. Limitations
of these trials include lack of therapeutic intent, motivation of patients to participate, may delay or exclude pa-
tients from other clinical trials that may have therapeutic intent, microdosing pharmacokinetics and relationship
to therapeutic dose, and availability of sensitive analytical methods [28]. Attrition rates are high and only about
8% come to market.

3. Phase I Clinical Trials

A Phase | clinical trial evaluates the best way to administer a drug, its frequency and dose, the maximum tole-
rated dose (MTD), and side effects. Tolerability, pharmacokinetics, and pharmacodynamics are evaluated. These
studies determine, most importantly, if the treatment is safe. Trials usually include 20 to 100 patients and are
monitored by the clinical researcher. Doses are increased if there are no severe side effects and patients are
tested to determine if he or she is responding to the therapy. These escalation dose studies are used to determine
the best and safest dose that can be administered and is a fraction of the dose that caused harm during animal
testing. Unnecessary exposure of subjects to subtherapeutic doses while maintaining safety and rapid accrual is
the primary goal of Phase I trials [29]. Subjects, in most cases, are healthy volunteers although patients with a
certain disease may be required. Contract research organizations usually conduct these studies and stipends may
be given. Testing is usually sequential with data being reviewed after every patient or small group of patients.

Dose-toxicity and dose-efficacy curves are determined during this phase and include single ascending dose
trials (Phase 1A), multiple ascending dose trials (Phase IB), and food effect studies. Dose escalation methods
may be rule-based or model-based. Rule-based designs do not stipulate any prior assumption of the dose-toxicity
curve and allow escalation and de-escalation of the dose with diminishing fractions of the preceding dose de-
pending on presence or absence of toxicity. They are easy to implement and do not require special software. The
traditional 3 + 3 design proceeds with cohorts of 3 patients. The starting dose is based on extrapolation from
animal toxicological data. Increasing dose levels have been fixed in advance and usually follow a modified Fi-
bonacci sequence in which the dosing increments become smaller as the dose increases [30]. If none of the pa-
tients experience a dose-limiting toxicity, 3 more patients will be treated at the next higher dose. If 1 of the pa-
tients experiences a dose-limiting toxicity, the same dose is repeated in 3 more patients. Dose escalation contin-
ues until at lease 2 patients from a cohort of 3 to 6 experience dose-limiting toxicities. Recommended dose for
Phase I trials is defined as the dose level just below the toxic dose level.

Alternate rule-based dose escalation methods include the “2 + 4,” “3 + 3 + 3,” and “3 + 1 + 1” (“best of five”)
rules [31]. In the “2 + 4” design, if one dose-limiting toxicity is observed in a first cohort of 2 patients, an addi-
tional cohort of 4 patients is added. The stopping rule is the same as for the “3 + 3” studies. With the “3 + 3 + 3”
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study, a third cohort of 3 patients is added if 2 of 6 patients in the first 2 cohorts have a dose-limiting toxicity. If
at least 3 of 9 patients experience a dose-limiting toxicity, the study is terminated. The “best of 5” design re-
quires that 1 additional patient is added if 1 or 2 dose-limiting toxicities are observed in the first 3 patients.
Another patient is added if 2 dose-limiting toxicities are seen among the 4 treated patients. Escalation is contin-
ued if no dose-limiting toxicities are seen of 3, 1 of 4, or 2 of 5 patients. If 3 or more dose-limiting toxicities are
seen, the trial is stopped.

Accelerated titration designs combine variations of the 3 + 3 design and the model-based design. Patient as-
signment to doses is based on prespecified rules. Pharmacologically guided dose escalation is a variation of the
3 + 3 design method. This assumes that animal model studies accurately reflect dose-limiting toxicities based on
plasma drug concentrations. In the first stage, plasma exposure is extrapolated from preclinical data. Pharmaco-
kinetic data are then obtained for each patient to determine subsequent dosing [32]. The isotonic regression
model assumes toxicity is nondecreasing with dose and fits an isotonic regression to accumulated data. The dose
given is that with estimated toxicity thought closest to the maximum tolerable toxicity [33]. The “rolling six de-
sign” allows for accrual of 2 to 6 patients concurrently onto a dose level based on the number of patients
enrolled and evaluable, the number having dose-limiting toxicity (DLT), and the number still at risk of develop-
ing DLT [34]. This design is intended to shorten the study duration in which there is prior information about the
dose range and is useful in pediatric populations. The “biased coin up-and-down design” requires that the treat-
ment response or the toxicity evaluation is observed quickly, allocates a dose to each patient based on the toxic-
ity information of the last completed subject and allows multiple patients to be concurrently studied [35]-[37].
Another rule-based design allows subsequent patients to be assigned to doses according to the toxicity outcomes
at the current dose by calculating the toxicity probability interval under the beta-binomial model [38].

Model-based designs use statistical models that look for a dose level that produces a probability of dose-
limiting toxicity by using toxicity data from all enrolled patients to compute a more precise dose-toxicity curve.
Bayesian models are commonly used. These models require an estimation of & (characterizes the shape of the
dose-toxicity curve.) Occurrence of toxicity results in adjustment of 6 based on Bayes’ theorem. These designs
provide a confidence interval for recommended doses for Phase Il clinical trials. The continual reassessment
method was the first Bayesian model-based method used in Phase | clinical trial designs [39]. The initial esti-
mate of & is sought from experts familiar with the preclinical data or who have experience with similar drugs.
Patients are treated at the dose thought to be closest to the MTD and estimation of the probability of a dose-
limiting toxicity is calculated for each new patient who enters the study until a prespecified condition is met at
which time the trial is stopped. Modifications of this method have included treating the patient at the lowest
started dose level, increasing the dose by only one prespecified level at a time, not allowing dose escalation for
the immediate next patient if a previous patient experienced a dose-limiting toxicity, treating several patients at
the same dose level and expanding the cohort of patients [40]-[43]. Escalation with overdose control was sug-
gested as an alternative Bayesian approach to overcome the limitation of patients being exposed to high toxic
doses [44]. Other model-based designs include time-to-event endpoint and the efficacy and toxicity methods.
These model-based methods result in good estimations of the target probability of DLT at the recommended
dose for Phase Il clinical trials without treating too many patients at a suboptimal dose.

Dose-escalation strategies for trials of combinations of agents have included alternate escalation of the agents
in the series of dose levels, simultaneous escalation of both agents, escalation of one agent to the recommended
dose for Phase Il trials while holding the other agent at a fixed dose, and escalation of one agent to the recom-
mended dose for Phase Il trials while holding the other agent at a low dose. In a review, Riviere and colleagues
determined that 88% of the trials had a traditional or modified 3 + 3 dose escalation design used. The calculated
median DLT rate was 6%. The authors recommended that the starting doses, dose levels, and dose-escalation
steps must ensure patient safety, treat as few patients as possible at subtherapeutic doses, and identify optimal
drug combinations for further evaluation [45]. No specific clinical trial designs have been formulated for mole-
cularly targeted agents that have a proven relevant target and a validated method for measuring target inhibition.

4. Phase II Clinical Trials

Phase I/11 dose finding studies determine the most successful dose (MSD) which is the dose which maximizes
the product of the probability of seeing no toxicity together with the probability of seeing a therapeutic response.
While a Phase | clinical study focuses on determining the MTD, Phase 1l studies evaluate potential efficacy and
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characterizes treatment benefit for the disease in a convincing manner. The intervention is not presumed to have
any therapeutic effect whatsoever. These studies are performed on larger groups (100 to 300 subjects) and are
designed to assess how well the drug works and to continue safety assessments. Therapeutic doses which were
determined during Phase I are administered and patients are monitored by the clinical researcher. Trials are often
conducted in a multi-institution setting. Phase 1l may be divided into Phase I1A which are pilot clinical trials to
evaluate efficacy and safety in selected populations with the disease or condition to be treated, diagnosed or
prevented (objectives may be on dose-response, type of patient, frequency of dosing, or other identifiers of
safety and efficacy) and Phase 1B which are the most rigorous trials designed to demonstrate efficacy. The de-
velopment process usually fails during this Phase Il when the drug is discovered not to work as planned or to
have toxic effects.

The Phase Il design depends on the quality and adequacy of Phase | studies. A vulnerable aspect of both
phases is the type of patient enrolled. Patients in Phase Il trials generally have more exclusion criteria than those
in Phase 11 trials. Case series and randomized clinical trial designs have been used. Single stage and multi-stage
Phase Il clinical trial designs are often developed on the basis that one endpoint is of interest. A commonly used
Phase Il design is based on the work of Gehan, a version of a two-stage design [46]. Other designs have more
stages or a sequential aspect. Hybrid designs have been used to improve efficiency. In an update, Gehan re-
viewed statistical aspects of plans for Phase Il cancer clinical trials including a minimum number of patients
plan, a two-stage decision theory approach, a limited patient accrual plan, a predictive probability plan, and a
one-sample multiple testing procedure plan. The author makes recommendations regarding the plan that best fits
the needs of the study [47].

Adaptive clinical trial designs based on accumulated data at interim have also been used in Phase 11 clinical
trials because of flexibility and efficiency. This design may allow the researcher to modify or redesign the trial
while the study is ongoing. However, researchers have hesitated in their use-there is confusion with respect to
definition, controversy regarding sample size re-estimation methods, and logistical barriers in using adaptive de-
signs within existing trial frameworks [48]. In 2010, The FDA classified adaptive designs into “well under-
stood” and “less well understood” categories [49]. “Well understood” designs have been in use for years with
corresponding statistical methods that have been well established and the FDA is familiar with the study designs
through the review of submissions using them. In the “less well understood” designs, relative merits and limita-
tions have not been completely evaluated, valid statistical methods have not been developed, and the FDA does
not have a lot of experience with submissions using the study designs. Chow et al. give a broader definition of
adaptive design-one that allows adaptations in trial procedures and/or statistical procedures after initiation of the
trial without undermining the validity and integrity of the trial [50]. Adaptive clinical trial designs include an
adaptive randomization design, an adaptive group sequential design, a flexible sample size re-estimation design,
a drop-the-losers design, an adaptive dose-finding design, a biomarker-adaptive design, an adaptive treatment-
switching design, an adaptive-hypothesis design, a Phase /11 or I1/111 adaptive seamless trial design and a mul-
tiple adaptive design.

5. Phase III Clinical Trials

Phase 111 trials are the full scale evaluation of treatment and are designed to compare efficacy of the new treat-
ment with the standard treatment. These are the most rigorous and extensive type of scientific clinical investiga-
tion of a new treatment. This is the “pre-marketing phase” of clinical trials. These are usually the most expen-
sive and time-consuming of the trials. The trials may be difficult to design and run. Large groups (100 to 3000
subjects) are recruited and trial designs have included randomized controlled trials (parallel design), uncon-
trolled trials (single treatment), historical controls, no-randomized concurrent trials, factorial designs, and group
sequential designs. Patients are monitored by the clinical researcher and personal physician. Phase 111 clinical
trials may be divided into Phase I11A which are trials done after efficacy of the therapy is demonstrated but be-
fore regulatory submission of a New Drug Application (NDA) or other dossier and Phase 111B which are con-
ducted after submission of an NDA or other dossier but before approval and launch.

During the 1980’s, the FDA published guidance documents that efficacy should be demonstrated by prolonga-
tion of life, improved health-related quality of life, or an established surrogate for one of these. If the new ther-
apy results in a statistically significant improvement, the new treatment is usually approved for clinical use [51].
Traditional endpoints for trials have included overall survival, time to tumor progression, overall response rate,
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time to treatment failure and patient-reported outcomes. Overall survival has been the gold standard for the
demonstration of clinical benefits. Subpart H allows for accelerated approval of drugs for serious and life-
threatening diseases where the drug demonstrates an advantage over available therapy. This is based on a surro-
gate endpoint that likely predicts clinical benefit. While randomized Phase I11 clinical trials have been the gold
standard evidence for the approval of new drugs, problems associated with drug development have included li-
mited clinical benefit in large RCT’s, prediction of a successful Phase I11 trial from Phase Il data, determination
of toxicity, design of studies with drug combinations, and cost of the trial.

Ocana and colleagues suggest that adaptive designs in selected prescreened populations could reduce the li-
mitations [52]. Statistical methods for the design and analysis of adaptive designs began in the 1990°s [53] [54].
However, many of the designs are not standard and relate only to the application being considered. The expe-
rience of sponsors and regulators in planning, conducting and interpreting results using these designs is limited
and interaction with regulating authorities early is crucial. In Europe, the European Medicines Agency offers
developers of drugs and therapeutic devices scientific advice and protocol assistance [55]. In 2010, the FDA
published guidance on adaptive design clinical trials [49]. Evaluators of adaptive clinical trial studies answer the
following 6 questions: 1) Is there a good rationale and have alternative designs been considered? 2) Does the
proposal fit well in the context of the development program and the data that will be available for the marketing
authorization application? 3) Can the proposal be implemented without important damage to trial integrity? 4) Is
the type | error rate controlled? 5) Has the potential bias of treatment effect estimates been evaluated? 6) Is the
proposal practical and feasible [49]? These questions are also asked of other designs. The European Organisa-
tion for Research and Treatment of Cancer recognize that these designs can be advantageous, but warn that they
must prevent bias that could be uncontrollable. Recommended techniques include randomisation, blinding,
prospectively planned adaptations and upfront implementation of the process and firewalls needed to ensure re-
stricted access to interim analysis results and blinding of staff involved in day-to-day trial proceedings [56].

6. Phase 1V Clinical Trials

Upon authorization by the FDA, therapies determined to have proven safety, efficacy and quality may be made
available to the general population. Patients and their physicians have expectations of benefit. However, not all
safety or efficacy issues have been determined. The FDA requires continued evaluation after release to evaluate
safety signs that may affect the benefit-risk ratio [57] [58]. These Phase IV studies include “all studies (other
than routine surveillance) performed after drug approval and related to the approved indication” [55]. These are
post-marketing surveillance studies. The focus of the trials is on how drugs work in the real world. Anyone
seeking treatment from their physician may be treated with the therapy. Their personal physician monitors the
results of treatment. Efficacy and detection of rare or long-term adverse effects over a much larger patient popu-
lation and longer time period are evaluated, healthcare costs and outcomes are determined, and pharmacogenet-
ics are studied. New clinical indications for a drug may be established and large number of patients and physi-
cians are involved [59]. The FDA may require that a developer conduct a Phase IV trial as a stipulation for drug
approval. Less than half of studies are completed or even initiated by developers [60]. Phase 1V trials may result
in a drug being removed from the market or restricted to certain indications.

Initially, these trials were run much like Phase 111 studies and were conducted for marketing purposes. Studies
were done at institutions with investigators familiar with clinical trials and had inclusion and exclusion criteria
similar to those of Phase Il studies. Results did not reflect what would happen under normal conditions. As a
result, innovative studies were designed to involve ordinary physicians in naive research communities. Goals
have been broadened and include evaluation of specific pharmacological effects, establishing the incidence of
adverse reactions, determining effects of long-term administration of a therapy, establishing a new clinical indi-
cation for the therapy, evaluation of the therapy in higher risk populations, etc. A main issue of concern is the
mix of medical research and clinical practice [61].

Reported serious adverse drug reactions submitted to the FDA’s Med Watch program have increased from
150,000 in 2000 to 370,000 in 2009 [62]. Physician and consumers or drug manufacturers submit these reports.
Criticisms have included reliance on voluntary reporting of adverse events, trust in drug manufacturers to col-
lect/evaluate/report drug safety data that may risk financial interests, and dependence on one government body
to approve a drug and then require studies that might lead to withdrawal from the market [60] [63]. Proffered
solutions have included large-scale simple RCTs with few eligibility and treatment criteria [64], preplanned me-
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taanalyses of a series of related trials [65], and establishment of a national health data network to evaluate
post-marketing surveillance independent of the FDA-approval process [66].

7. Phase V Clinical Trials

This translational research is designed to “move from bench to bedside”. Phase V clinical trials refer to compar-
ative effectiveness research and community-based research. Research is done on data collected. All reported
uses are evaluated. Patients are not monitored. Its main focus is to determine integration of a new therapy into
wide spread clinical practice. Filed under: cornell cooperative extension, evidence-based living, policy, the
learning center tagged with: cooperative extension programs, evaluation, evidence-based programs, research
methods, research translation.

8. Summary

The final outcome of clinical trials is improved clinical medicine. Understanding the steps to bring a new thera-
py to the general population provides clinicians insight into their staged development and timeline to availability.
By improving developmental strategies and studies, time to availability to the general public with resulting ben-
efit should result in better patient outcomes and fewer morbidities.
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