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Are the vaccinations or medicines that you take SAFE?  Are they EFFECTIVE? These are the questions that government-supervised research aims to answer before allowing such products to be made available to the public.


Overview

All drugs and medical devices in the United States must go through a lengthy development and testing process, typically involving a mixture of experiments and tests on both animals and humans. 

Drug & Medical Appliance Development Process
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	Pre-clinical Research

· Performed with animals

· Performed usually by scientists
	Clinical Research

· Performed on humans

· Performed usually by physicians (sometimes with scientists)


Pre-clinical Research

Most, but not all clinical trial research is initiated as a result of pre-clinical research done on animals. Of course, if the pre-clinical research leads to an idea that could be developed for animal medicine, the clinical research is performed also in animals. In many cases, the research was not conducted with any intent to develop a specific drug or medical device. Such research is typically performed to answer scientific questions. This kind of research is called “basic” research, as opposed to “applied” research.  See the slide show that accompanies this lesson.

Clinical trials are only a small part of the research that goes into developing a new treatment. Potential drugs, for example, first have to be discovered, purified, characterized, and tested in labs (in cell and animal studies) before ever undergoing clinical trials. In all, about 1,000 potential drugs are tested before just one reaches the point of being tested in a clinical trial. For example, a new cancer drug has, on average, at least 6 years of research behind it before it even makes it to clinical trials. But the major holdup in making new cancer drugs available is the time it takes to complete clinical trials themselves. On average, about 8 years pass from the time a cancer drug enters clinical trials until it receives approval from regulatory agencies for sale to the public. Drugs for other diseases have similar timelines.

Clinical Trial Research

Modified from Wikipedia, the free encyclopedia

Words in bold face type are defined in Glossary at the end. Other hyperlinked words go to Wikipedia explanations requiring a live Internet connection.
A clinical trial compares a medication or other medical treatment or medical device, versus a placebo (inactive look-a-like), other medications/devices, or the standard medical treatment for a patient's condition. The most commonly performed clinical trials evaluate new drugs, medical devices (like a new catheter), biologics (like vaccines), psychological therapies, or other interventions.

Clinical trials vary greatly in size: from a single researcher in one hospital/clinic to an international multicenter study funded by a drug company with over 100 participating hospitals on several continents. The number of patients tested can range from fewer than 50 to thousands.

In a clinical trial, the sponsor first identifies the medication/device to be tested. Then the sponsor decides what to compare it with (one or more existing treatments or a placebo), and what kind of patients might benefit from the medication/device. The researchers recruit patients with the predetermined characteristics to participate, administer the treatment, and collect data on the patients' health for a defined time. (These data include things like vital signs, amount of study drug in the blood, and whether the patient's health gets better or not.) The researchers send the data to the trial sponsor, who then analyzes the pooled data using statistical tests.

Some examples of what a clinical trial may be designed to do to evaluate the:

· safety and effectiveness of a new medication or device on a specific kind of patient (e.g., patients who have been diagnosed with Alzheimer's disease for less than one year)

· safety and effectiveness of a different dose of a medication than is commonly used (e.g., 10 mg dose instead of 5 mg dose)

· safety and effectiveness of an already marketed medication or device on a new kind of patient (who is not yet approved by regulatory authorities to be given the medication or device)

· whether the new medication or device is more effective for the patient's condition than the already used, standard medication or device ("the gold standard" or "standard therapy")

· compare the effectiveness in patients with a specific disease of two or more already approved or common interventions for that disease (e.g., Device A vs. Device B, Therapy A vs. Therapy B)

The clinical trial design and objectives are written into a document called a clinical trial protocol. The protocol ensures that researchers in different locations all perform the trial in the same way on patients with the same characteristics.

Because the researchers test hypotheses and observe what happens, clinical trials can be seen as the application of the scientific method to understanding human or animal biology.
Clinical trials may be required before the national regulatory authority[1] will approve marketing of the drug or device, or a new dose of the drug, for use on patients.


History
Perhaps the first ever clinical trial was James Lind's demonstration in 1754 that citrus fruits cure scurvy[2]. He compared the effects of various different acidic substances, ranging from vinegar to cider, on groups of afflicted sailors, and found that the people who were given oranges and lemons had largely recovered from scurvy after 6 days.

Types of Clinical Research
The U.S. National Institutes of Health (NIH) organizes trials into five (5) different types:

· Treatment trials: test experimental treatments, new combinations of drugs, or new approaches to surgery or radiation therapy.

· Prevention trials: look for better ways to prevent disease in people who have never had the disease or to prevent a disease from returning. These approaches may include medicines, vitamins, vaccines, minerals, or lifestyle changes.

· Diagnostic trials: conducted to find better tests or procedures for diagnosing a particular disease or condition.

· Screening trials: test the best way to detect certain diseases or health conditions.

· Quality of Life: trials (or Supportive Care trials) explore ways to improve comfort and the quality of life for individuals with a chronic illness.
Phases of Human Clinical Trial Research
	Phase
	Main Activity

	0
	First-time use in humans

	1
	Test for safety
Drugs: test various doses, study drug metabolism. Tests of food effect on absorption.

	2
	Repeat safety tests in larger group of patients
Tests of how effective the treatment is.

	3
	Large-scale trials in multiple medical centers in many locations. Emphasis on safety in diverse kinds of people and on comparison of treatment with the current best treatment

	4
	Continuous monitoring and reporting on results of use in patients in regular medical practice.


Phase 0
Phase 0 is a recent designation for exploratory, first-in-human trials. [4] Phase 0 trials are designed to expedite the development of promising drugs or imaging agents by establishing very early on whether the drug or agent behaves in human subjects as was anticipated from preclinical animal studies.

Phase I
Phase I trials are the first stage of testing in human subjects. Normally, a small (20-80) group of healthy volunteers will be selected. This phase includes trials designed to assess the safety, tolerability, and action in the body of a drug. These trials are often conducted in an inpatient clinic, where the subject can be observed by full-time staff.  Phase I trials also normally include dose-ranging studies so that the appropriate dose for therapeutic use can be found. The tested range of doses will usually be a fraction of the dose that causes harm in animal testing. Phase I trials most often include healthy volunteers; however, there are some circumstances when real patients are used, such as patients who have end-stage disease and lack other treatment options. This exception to the rule most often occurs in oncology (cancer) and HIV drug trials.

There are different kinds of Phase I trials:

SAD

Single Ascending Dose studies are those in which small groups of patients are given a single dose of the drug while they are observed and tested for a period of time. If they do not exhibit any bad side effects, and the metabolism data is roughly in line with predicted safe values, the dose is escalated, and a new group of patients is then given a higher dose. This is continued until pre-calculated pharmacokinetic safety levels are reached, or intolerable side effects start showing up (at which point the drug is said to have reached the Maximum tolerated dose (MTD).

MAD

Multiple Ascending Dose studies are conducted to better understand the pharmacokinetics and pharmacodynamics of multiple doses of the drug. In these studies, a group of patients receives multiple low doses of the drug, whilst samples (of blood, and other fluids) are collected at various time points and analyzed to understand how the drug is processed within the body. The dose is subsequently escalated for further groups, up to a predetermined level.

Food effect

A short trial designed to investigate any differences in absorption of the drug by the body, caused by eating before the drug is given. These studies are usually run as a crossover study, with volunteers being given two identical doses of the drug on different occasions; one while fasted, and one after being fed.

Phase II
Once the initial safety of the study drug has been confirmed in Phase I trials, Phase II trials are performed on larger groups (100-300) and are designed to assess how well the drug works, as well as to continue Phase I safety assessments in a larger group of volunteers and patients. When the development process for a new drug fails, this usually occurs during Phase II trials when the drug is discovered to not work as planned, or have toxic effects.

Some trials combine Phase I and Phase II, and test both safety and effectiveness.

Phase III
Phase III studies are randomized controlled multicenter trials on large patient groups (300–3,000 or more depending upon the disease/medical condition studied) and are aimed at being the definitive assessment of how effective the drug is, in comparison with current 'gold standard' treatment. Phase III trials are the most expensive, time-consuming and difficult trials to design and run, especially in therapies for chronic medical conditions.

It is common practice that certain Phase III trials will continue while the regulatory submission is pending at the appropriate regulatory agency. This allows patients to continue to receive possibly lifesaving drugs until the drug can be obtained by purchase. Other reasons for performing trials at this stage include attempts by the sponsor at "label expansion" (to show the drug works for additional types of patients/diseases beyond the original use for which the drug was approved for marketing), to obtain additional safety data, or to support marketing claims for the drug. Studies in this phase are by some companies categorized as "Phase IIIB studies."[5]

 HYPERLINK "http://en.wikipedia.org/wiki/Clinical_trial" \l "_note-4" \o "" [6]
Once a drug has proven satisfactory after Phase III trials, the trial results are usually combined into a large document containing a comprehensive description of the methods and results of human and animal studies, manufacturing procedures, formulation details, and shelf life. This collection of information makes up the "regulatory submission" that is provided for review to the appropriate regulatory authorities[1] in different countries so they can then grant the sponsor approval to market the drug. In the USA the U.S. Food and Drug Administration (FDA) is the primary organization.
Phase IV
Phase IV trials involve the safety surveillance and ongoing technical support of a drug after it receives permission to be sold. Phase IV studies may be required by regulatory authorities or may be undertaken by the sponsoring company for competitive (finding a new market for the drug) or other reasons (for example, the drug may not have been tested for interactions with other drugs, or on certain population groups such as pregnant women, who are unlikely to subject themselves to trials). The safety surveillance is designed to detect any rare or long-term adverse effects over a much larger patient population and longer time period than was possible during the Phase I-III clinical trials. Harmful effects discovered by Phase IV trials may result in a drug being no longer sold, or restricted to certain uses: recent examples include cerivastatin (brand names Baycol and Lipobay), troglitazone (Rezulin) and rofecoxib (Vioxx).

Length
Some reasons a clinical trial lasts several years:

· For chronic conditions like cancer, it takes months, if not years, to see if a cancer treatment has an effect on a patient.

· For drugs that are not expected to have a strong effect (meaning a large number of patients must be recruited to observe any effect), recruiting enough patients to test the drug's effectiveness (i.e., getting statistical power) can take several years.

· Only certain people who have the target disease condition are eligible to take part in each clinical trial. Researchers who treat these particular patients must participate in the trial. Then they must identify the desirable patients and obtain consent from them or their families to take part in the trial.

The biggest barrier to completing studies is the shortage of people who take part. All drug and many device trials target a subset of the population, meaning not everyone can participate. Some drug trials require patients to have unusual combinations of disease characteristics. It is a challenge to find the appropriate patients and obtain their consent, especially when they may receive no direct benefit (because they are not paid, the study drug is not yet proven to work, or the patient may receive a placebo). In the case of cancer patients, fewer than 5% of adults with cancer will participate in drug trials. According to the Pharmaceutical Research and Manufacturers of America (PhRMA), about 400 cancer medicines were being tested in clinical trials in 2005. Not all of these will prove to be useful, but those that are may be delayed in getting approved because the number of participants is so low.[7]
Management of Clinical Trials
Clinical trials designed by a local investigator and (in the U.S.) federally funded clinical trials are almost always administered by the researcher who designed the study and applied for the grant or contract. Small-scale device studies may be administered by the sponsoring company. Phase III and Phase IV clinical trials of new drugs are usually administered by a contract research organization (CRO) hired by the over-seeing sponsor. A CRO is a company that is contracted to perform all the 'grunt' work on a clinical trial. It recruits participating researchers, trains them, provides them with supplies, coordinates administration and data collection, sets up meetings, monitors the sites for compliance with the clinical protocol, and ensures that the sponsor receives 'clean' data from every site.

Ethical conduct and animal welfare
Clinical trials are closely supervised by appropriate regulatory authorities. All studies that involve a medical or therapeutic intervention on patients must be approved by an ethics committee before permission is granted to run the trial. The local ethics committee has discretion on how it will supervise noninterventional studies (observational studies or those using already collected data). In the U.S., this body is called the Institutional Review Board (IRB). Most IRBs are located at the local investigator's hospital or institution, but some sponsors allow the use of a central (independent) IRB for investigators who work at smaller institutions.

To be ethical, researchers must obtain the full and informed consent of participating human subjects. If the patient is unable to consent for him/herself, consent may be sought from the legally authorized representative. 

	Regulatory Agency
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In the U.S., the FDA can audit the files of local site investigators after they have finished participating in a study, to see if they were correctly following study procedures. This audit may be random, or for cause (because the investigator is suspected of fraudulent data). Avoiding an audit is an incentive for investigators to follow study procedures.

Economics
Sponsor
The costs to a pharmaceutical company of administering a Phase III or IV clinical trial may include, among others:

· manufacturing the drug(s)/device(s) tested

· staff salaries for the designers and administrators of the trial

· payments to the contract research organization and any outside consultants

· payments to local researchers (and their staffs) for their time and effort in recruiting patients and collecting data for the sponsor

· study materials and shipping

· communication with the local researchers, including onsite monitoring by the CRO before and (in some cases) multiple times during the study

· one or more investigator training meetings

· costs incurred by the local researchers such as pharmacy fees, IRB fees and postage.

· any payments to patients enrolled in the trial (all payments are strictly overseen by the IRBs to ensure that patients do not feel coerced to take part in the trial by overly attractive payments)

These costs are incurred over several years. The payments to the local researcher can be negotiated as either a single total for a predetermined number of patients, or a "per-patient fee" for each qualifying patient who is recruited to participate.

In the U.S. there is a 50% tax credit for sponsors of certain clinical trials.[9]
National health agencies such as the U.S. National Institutes of Health offer grants to investigators who pursue research questions of interest to the agency. In these cases, the investigator who writes the grant and administers the study acts as the sponsor, and coordinates data collection from any other sites. These other sites may or may not be paid for participating in the study, depending on the amount of the grant and the amount of effort expected from them.

References
· Rang HP, Dale MM, Ritter JM, Moore PK (2003). Pharmacology 5 ed. Edinburgh: Churchill Livingstone. ISBN 0-443-07145-4
· Finn R, (1999). Cancer Clinical Trials: Experimental Treatments and How They Can Help You., Sebastopol: O'Reilly & Associates. ISBN 1-56592-566-1
· Chow S-C and Liu JP (2004). Design and Analysis of Clinical Trials : Concepts and Methodologies, ISBN 0-471-24985-8
· Pocock SJ (2004), Clinical Trials: A Practical Approach, John Wiley & Sons, ISBN 0-471-90155-5
Glossary

Sponsor – usually a corporation that has an idea for a new pharmaceutical or medical device. To sell it, they have to go through the clinical trial process and get government approval.

Placebo – a fake drug or treatment, such as a pill with no active ingredient in it. Used in experiments and clinical trials as a control to insure that the results obtained are actually due to the treatment being tested.

Pooled data – data from all the subjects, usually averaged with statistical calculations to reveal the amount of variation of response in the population in the trial.
Why you should read this-


This information will help you:


know that medicines and medical procedures are safe and effective


explain why health care is so expensive.


explain why we don’t always get the new medicines and treatments we want as fast as we want them.  





	What you should look for in this reading:


The names of the stages (Pre-clinical, Stages I –IV) and what happens in each stage


Kinds of things a clinical trial might look for or do


What a clinical trial protocol is and why it is necessary


What an Institutional Review Board (IRB) is and what its purpose is.


Sources of cost to a company in pre-clinical and clinical trial process.
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