PHARMACEUTICAL TREATMENTS THAT POSSESSED IRREVERSIBLE TOXIC SIDE EFFECTS

SUMMARY

One of the major roles of a medicinal chemist is to synthesize pharmaceutical drug agents that provide positive therapeutic responses in alleviating pain, sickness, and/or curing alignments and diseases for the great good of humanity.  To ensure that the general population receives the best medicines available, regulatory agencies such as the Food and Drug Administration (FDA) and the European Agency for the Evaluation of Medicinal Products (EMEA) provide pharmacovigilance or the monitoring of safety and acceptance of new drug treatments.  While these governing bodies are empowered to warrant final approval in releasing medicines to the consumer, certain approved therapies were shown to be more toxic that efficacious.  Here, we provide two case studies (1) Thalidomide and (2) Baycol®, two drugs produced in the last fifty years, approved by regulatory agencies and administered to patients were irreversible toxic side effects had occurred to the individual or to their offspring.

While we’d like to think that all prescription medicines are safe because of FDA and EMEA approval, this is not always the case.  Every time a patient is administered a new chemical entity (NCE) or biologic, he is putting his health into the hands of the pharmaceutical industry.  Despite modern technology, the best scientists, and billions of dollars the industry has at its disposal, a patient’s safety may be taken for granted.

Currently, pharmaceutical companies perform preliminary research necessary to develop new drugs.   If a drug successfully completes a series of clinical trials, it then goes to the FDA or EMEA for approval, pending further trials if necessary. These Agencies will approve drugs by weighing the potential harm of the medication against its potential benefits.  Once the drug is approved a post-marketing program is put in place, monitoring the drug for unexpected adverse events. This program alerts the Agencies to potential threats to the public health. 

Regardless of how stringent this system is, the Journal of the American Medical Association reported that 20% of all new drugs treatments are found to have serious or irreversible toxicological damage that have not been discovered or have been undisclosed at the time of drug approval.  In addition, they reported that in the last 25 years, 16 drugs have been recalled because of serious side effects (source http://www.adrugrecall.com).  

Thalidomide and Baycol® are just two cases studies out of the 20% reported drug treatments were irreversible toxic damage has occurred on mammalian systems (human).  Could these tragedies been prevent and are drug companies and regulatory agencies continuing to fulfill their ethic duty in providing safety to the patient for the pharmaceutical agents that they manufacturer and approve?  Here is the story of Thalidomide and Baycol®.

INTRODUCTION






Thalidomide

Thalidomide appeared on the market in Germany on October 1, 1957 and was claimed to be a safe and effective sleeping pill. Soon it became the drug of choice to help pregnant women combat the symptoms associated with morning sickness. Shortly afterwards doctors began to notice that some patients developed  “peripheral neuritis” a condition that caused tingling and loss of sensation in the limbs.  In some people this side effect was irreversible (“Extraordinary”).

Even after clinical trials, there was no evidence that thalidomide was teratogenic -a drug that could penetrate the placenta of pregnant women and cause malformations of the embryo or fetus-. But in 1961, Widukind Lenz and William McBride independently accumulated evidence that the drug, caused an enormous increase in a previously rare syndrome of congenital anomalies. The most noticeable of these anomalies was phocomelia, a condition in which the long bones of the limbs are absent (amelia) or severely deficient (peromelia), thus causing the resulting appendage to resemble a seal flipper. There was also a risk of other problems such as, deafness, small or missing eyes, paralysis of the face, kidney abnormality, and mental retardation (“Thalidomide”).

Over 7000 affected infants were born to women who took this drug, and a woman needed only one tablet to produced children with all four limbs deformed (Lenz, 1966). Other abnormalities induced by the ingestion of thalidomide included heart defects, absence of the external ears, and malformed intestines. The drug was withdrawn from the market in November, 1961.

Baycol
When Baycol, a member of a class of cholesterol lowering drugs that are commonly referred to as statins, was approved for use in the U.S. in 1997, it appeared to be a potentially lifesaving drug with few side effects.  It had been tested on more than 3,000 patients, and no serious problems had turned up.

While all statins have been associated with very rare reports of rhabdomyolysis, cases of fatal rhabdomyolysis in association with the use of Baycol were reported significantly more frequently than for other approved statins. 

Problems with Baycol had become apparent by December 1999, more than two years after it went on the market, because several reports of deaths from rhabdomyolysis had come in. The FDA and the drug's maker cooperated in warning patients and doctors how to avoid the trouble. Doctors were advised not to start patients on the highest dose available and not to give patients both cerivastatin and Lopid, or gemfibrozil, a nonstatin drug that lowers blood triglyceride levels and cholesterol. Patients taking both seemed more likely to develop muscle problems, doctors were told. A little over a year later, a second warning was sent to doctors. But reports of deaths linked to Baycol continued to come in.

On August 8, 2001, Baycol also known by the generic name cerivastatin, was taken off the market. Its manufacturer, the German company Bayer Health Care, took that step after 31 patients on the drug had died and the cases cast suspicion on Baycol.

The deaths were caused by a disorder called rhabdomyolysis, in which muscle cells break down releasing the contents of muscle cells into the bloodstream flooding the kidneys with masses of cellular waste. Death occurs if the kidneys are overwhelmed and shut down.  Symptoms of rhabdomyolysis include muscle pain, weakness, tenderness, malaise, fever, dark urine, nausea, and vomiting.  The pain may involve specific groups of muscles or may be generalized throughout the body.

Most frequently the involved muscle groups are the calves and lower back; however, some patients report no symptoms of muscle injury.  In rare cases the muscle injury is so severe that patients develop renal failure and other organ failure, which can be fatal.
CHEMICAL  STRUCTURE AND CHARACTERISTICS

Table 1 lists some general characteristics for thalidomide and Baycol®.  Figure 1&2 display the chemical structures for both compounds.  All information was obtained from the Physicians Desk Reference (PDR) http://www.pdr.net/HomePage_template.jsp.
Table 1: General Characteristics

	Characteristics
	Thalidomide
	Baycol®

	Empirical Formula
	C13H10N2O4
	C26H33FNO5Na

	Brand Name
	Contergan® in 1950’s

Thalomid® in 1998
	Baycol®

	Generic Name
	thalidomide
	cerivastatin sodium

	Mechanism of Action
	immunomodulatory agent
	Competitive Inhibitor of 

HMG-CoA reductase

	Molecular Weight
	258.2
	481.5

	Physical Properties
	off-white to white, nearly odorless, crystalline powder that is soluble at 25°C in dimethyl sulfoxide and sparingly soluble in water and ethanol
	white to off-white hygroscopic amorphous powder that is soluble in water, methanol, and ethanol, and very slightly soluble in acetone


Figure 1: Chemical Structure of Thalidomide 
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Note: « asymmetric carbon atom




Figure 2: Chemical Structure of Baycol®

[image: image2.jpg]



For more information on the clinical pharmacology, absorption, distribution, metabolism, and excretion (ADME) for Thalidomide and Baycol®, please refer to the following websites:

https://www.pdr.net/login.jsp (note login required)

http://www.fda.gov/medwatch/safety/2001/baycol_label.pdf
For more information on the molecule thalidomide (isomerization), please refer to the following website.

http://www.chm.bris.ac.uk/motm/thalidomide/start.html
MECHANISM OF ACTION 

Thalidomide

Thalidomide is a derivative of glutamic acid with two rings (a-[N-phthalmido and glutarimide) and two optically active forms. After a 200 mg oral dose, it has a mean peak at about 4 hours and a half-life at about 8–9 hours and total body clearance around 11 hours. Clearance is primarily by a non-enzymatic hydrolytic mechanism (Tseng et al., 1996). It is hydrolyzed into many compounds, and the exact action of each is not established, but most do not appear to have immunological activity (Zwingenberger and Wendt, 1996). It is a difficult compound to work with because of this rapid hydrolysis. After the recognition of the significant teratogenicity of thalidomide, it was studied extensively, but no definite conclusions were absolutely established about its mechanisms of action. Recently, more attention has been directed to its effects in vitro and in vivo on the immune system. Comprehensive reviews by Zwingenberger and Wendt (1996) and Tseng et al., (1996) have summarized the present status, and this review highlights only the more clinically oriented aspects.

The immune effect seems best described as immuno-modulatory and has been ascribed to the selective inhibition of an inflammatory cytokine, tumor necrosis factor-a (TNF-a), released from monocytes (Turk et al., 1996). There are a number of speculations as to how this works at a molecular level. TNF-a is released with infection, is associated with weight loss, weakness, and fever, and may contribute to tissue damage. There are conflicting reports in the literature about the mechanism and effect of thalidomide on TNF-a (it often enhances another cytokine interleukin-2). Shannon et al. (1997) suggested that the different results may be due to variations in experimental dosages and related to hydro-lysis. Some authors suggest the embryogenic action of thalidomide may be related to TNF-a. The variable effect has been observed to depend both on cell-type and TNF-a production-inducer resulting in both enhancing and inhibiting effects (Hashi-moto, 1998). Thalidomide’s sedative effect acts by a different mechanism than barbiturates It has not been observed to have respiratory depression or incoordination (Tseng et al., 1996).

Parman et. al. (1999) have found that thalidomide initiates embryonic DNA oxidation and teratogenicity, both of which are abolished by pre-treatment with the free radical spin trapping agent alpha-phenyl-N-t-butylnitrone (PBN). In contrast, in mice, a species resistant to thalidomide teratogenicity, thalidomide did not enhance DNA oxidation, even at a dose 300% higher than that used in rabbits. This may provide insight into why some species are susceptible to thalidomide and others are not. These studies indicate that that the teratogenicity of thalidomide may involve free radical-mediated oxidative damage to embryonic cellular macromolecules.

The thalidomide tragedy showed the limits of animal models as tests of the potential teratogenic effects of drugs. Different species metabolize thalidomide differently. Pregnant mice and rats the animals usually used to test such compounds do not generate malformed pups when given thalidomide. Rabbits produce some malformed offspring, but the defects are different from those seen in affected human infants. Primates such as the marmoset appeared to have a susceptibility similar to that of humans, and affected marmoset fetuses have been studied in an attempt to discover how thalidomide causes these disruptions.

The thalidomide tragedy also underscores another important principle: the metabolism of embryos is different from that of adults, and the construction of an organ can be affected by chemicals that have no deleterious effect on the normal functioning of that organ. At present, the actual mechanism by which thalidomide acts to inhibit limb or ear formation in human embryos is not entirely understood. However, we are beginning to get some interesting hypotheses that can give us plausible answers.

Baycol

The statins inhibit an enzyme called 3-hydroxy-3-methylglutaryl-coenzyme (hmg-coA) reductase, which is involved in the biosynthesis of cholesterol. The statins have been shown to not only reduce the progression of coronary atherosclerosis, but also to cause regression of the lipid plaques. But statins have beneficial effects beyond their cholesterol lowering capacity. They improve endothelial function by reducing oxidative stress within the vascular wall (Ridker et al., 2001).

Baycol (cerivastatin) is a cholesterol lowering drug that operates in the liver by preventing HMG-CoA from being metabolized to mevalonate and subsequently to cholesterol. It does this by blocking the enzyme that metabolizes HMG-CoA (the HMG-CoA reductase enzyme). Baycol and some of the statins have chemical structures similar to HMG-CoA and the enzyme system can not tell the difference so it gets poisoned and cannot function. This results in a decreased cholesterol synthesis in the liver and a decreased concentration in circulating blood (Parent, 2003). 

Baycol is metabolized in the liver by two cytochrome P450 isoenzyme systems, P4502C8 and P4503A4. This metabolism is part of the natural dynamics of the drug therapy but, if the drug is mixed with other drugs that block this metabolism such as cyclosporin, erythromycin, itraconazole, ketoconazole and clarithromycin, a higher concentrations of cervastatin is build up in the blood producing muscle toxicity. If the treatment is started with a higher dose of the drug, toxicity can be produce in the liver and elsewhere. This toxicity is expressed by elevated serum liver enzymes (AST, ALT) reflecting liver damage and elevated serum creatine phosphokinase (CPK) which is released from muscle tissue and may, in high concentrations (> 10 times upper limit of normal), indicate a condition called rhabdomyolysis. Thus, observation of elevated liver enzymes and CPK in clinical trials becomes an important marker for possible future problems (Parent, 2003).

During rhabdomyolysis, myoglobin is released into the bloodstream. Myoglobin is a heme protein that stores oxygen in muscle tissue and contributes oxygen to muscle when muscle is deprived of bloodborn oxygen. Normally, myoglobin levels in serum range from 3 to 80 ug/L. Myoglobin levels greater than 2000 ug/L are associated with renal complications. At lower urine pHs, myoglobin dissociates into ferrihemate and globulin and the ferrihemate causes a deterioration of renal function and subsequent renal failure and possible death. Symptoms of rhabdomyolysis include muscle pain, weakness, tenderness, malaise, fever, dark urine, nausea and vomiting. 

Risk factors for rhabdomyolysis include increased age, diabetes, excess alcohol intake, trauma, female gender, hypothyroidism, heavy exercise, renal or liver disease, debilitated status and surgery while pre-disposing factors include dehydration, hypokalemia, hypophosphatemia, malnutrition, psychiatric disease, agitation, confusion, delerium, endocrinopathies (hypothyroidism, diabetic ketoacidosis), shock, hypotension, hypoxia and rhabdomyolysis and subsequent kidney damage (Munford, 2001).

 TOXICOLOGICAL MONITORING
Before drug therapies are tested in humans, pre-clinical studies using a variety of animal species are first performed to determine the acute, sub-chronic, chronic, carcinogenic, and reproduction and developmental toxicity.  After administration of a therapeutic agent, unwanted side effects or toxic effects can occur in the animal species.  If a chemical produces pathological injury to a tissue, the ability of that tissue to regenerate determines whether the effect is reversible or irreversible (1).  

For the Thalidomide tragedy, there appears to be a controversy among historians as to whether enough scientific measures i.e. reproductive testing, were performed prior to distribution to the marketplace.  Some believe that the drug testing conducted was up to the current standards at that time period and the irreversible side effects of thalidomide to the fetus could not have been prognosticated.  Wilhelm Kunz head of chemical research at Chemie Grunenthal, the original makers of thalidomide, produced a study in 1956 that showed increased doses of Thalidomide depressed the central nervous systems of various laboratory animals and no toxic effects were observed (2).  However, in Kunz studies there was no data to support the effects of Thalidomide to the fetus.  Should reproductive tests been part of a protocol for drug manufactures to follow during the 1950’s?   Philip Knightely et. al. from the Sunday Times of London seems to thinks so.  In his book In Suffer the Children of Thalidomide he states, “…the knowledge and scientific procedures to give protection from thalidomide were available.  The disaster might have been diverted everywhere “(2).  Knightley and coauthors claim while teratogenic were not in general practice before the tragedy, it was not unusual for reproductive tests to be performed in the days of Thalidomide (2).  The authors specifically reference a drug called Daraprim that was developed during the same timeframe and underwent a vast amount of reproductive tests.   In fact the earliest documented teratology studies appeared in the late 1800s (2).  

Did scientists at Chemie Grunenthal not probe deep enough to address reproductive issues?  Even though Thalidomide appeared to be species specific, the testing criteria for animal studies still needed to be reconsidered.  Because of the need to globally harmonize the practices and procedures (i.e toxicity assessment) for the creation of new pharmaceutical agents, the International Conference on Harmonization (ICH) http://www.ich.org/ was created.   Composed of regulatory agencies and pharmaceutical industrialists from the US, Europe, and Japan, the ICH’s purpose is to determine the research and testing requirements and technical requirements for registration of pharmaceuticals for humans.
ICH link: Safety topics and guidelines 

http://www.ich.org/ich5s.html
http://www.ich.org/

ICH link: Detection of Toxicity to Reproduction for Medicinal products http://www.ich.org/pdfICH/s5a.pdf
ICH link: Safety pharmacology studies for human pharmaceuticals

http://www.ich.org/pdfICH/S7step4.pdf
The creation of the ICH and the FDA’s redbook http://vm.cfsan.fda.gov/~redbook/red-toca.html (lists updated guidelines and additional reproductive tests for new chemicals), is one step forward for all pharmaceutical companies to determine the irreversible toxic side effects early on in development programs to ensure that no more catastrophic events will occur in the near future.
CLINICAL TRIALS

Before a therapeutic agent can be distributed to the general public, studies are performed on human subjects to assess the safety and efficacy of the drug treatment. These studies, also known as clinical trials, are ways for researchers and institutional review boards to determine whether new therapies will cure or prolong illness and/or diseases.  Clinical trials are broken down into four distinct phases.  In Phase I trials, a small subset of healthy volunteers, typically around 80-100 subjects are dosed with the therapeutic agent where potency, pharmacokinetics (PK), and side-effects are evaluated.  In Phase II trials, therapeutic agents are tested on a small sub-set of subjects who possess symptoms of the aliment in question (patients) to determine if the study medication provides a positive biological response and to determine the appropriate dose.  In Phase III trials, studies are conducted on a larger group, typically around 1000-3000 patients.  If study criteria (efficacy and safety) are met with Phase III trials, the therapeutic agent can be licensed and market to the consumer if approval is granted from a regulatory body such as the FDA (US distribution) or EMEA (European distribution).   The final trial, Phase IV, is a post marketing study where the therapeutic agent is monitored while on the marketplace to ascertain the efficacy and advent of unwanted side effects.  

While clinical trials are important in bringing new treatments to those affect with illness or diseases, it is usually a physician that recommends this option to the patient as a last resort.  Nevertheless, a website called centerwatch http://www.centerwatch.com/ is dedicated in providing addition information of on going trials.  For more information on clinical trials and terms used in clinical trials please examine the following websites (also references for this section):
http://www.clinicaltrials.gov/ct/gui/info/whatis;jsessionid=FC117D4F7F7CDC592450197345A924AF#glossary
http://www3.mdanderson.org/research/glossary.htm
http://www.pgpharma.com/clinical_trials.shtml#1
FDA AND EMEA
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In the United States the governing agency within the Department of Health and Human Services responsible for the approval of new drug therapies is the FDA.  The FDA http://www.fda.gov/ is comprised of the following 8 offices or centers: Center for Biologics Evaluation and Research (CBER), Center for Devices and Radiological Health (CDRH), Center for Drug Evaluation and Research (CDER), Center for Food Safety and Applied Nutrition (CFSAN), Center for Veterinary Medicine (CVM), National Center for Toxicological Research (NCTR), Office of the Commissioner (OC), and the Office of Regulatory Affairs (ORA).  Of the five centers, CDER http://www.fda.gov/cder/ is the largest and the one responsible for the regulation, labeling, and advertising of drug therapies in the US market.  In Europe, the EMEA http://www.emea.eu.int/ is responsible for the evaluation and supervision of drug therapies for member European countries.  The EMEA is comprised of three committees: Committee for Medicinal Products for Human Use (CPMP), Committee for Medicinal Products for Veterinary Use (CVMP), and Committee for Orphan Drugs for Rare Diseases (COMP).  The committee responsible for the pre-authorization and post-authorization of drug therapies is the CPMP.

POST-MARKETING SYSTEM 

One in five new drugs has serious side effects that do not show up until well after the medicine has received government approval, according to a study that exposes what researchers calls an alarming game of medical Russian roulette. Some researchers go so far as to suggest that doctors should prescribe older drugs when possible, unless the new one is truly superior. 

Pressure from pharmaceutical companies and doctors' failure to closely read warning labels are partly to blame, the researchers said. They said the findings should prompt the FDA to consider raising its threshold for approving new drugs when safe and effective alternatives exist.

According to Neergaard (2002), studies have estimated that 2 million Americans are hospitalized annually from drug side effects, and 100,000 die. One of the roles of the FDA is to track side effects of the drugs it approves for sale, as well as taking action if unexpected injuries arise and providing ways to lower risks for the patients. While the FDA has learnt of thousands of medication-related deaths and hospitalizations each year, not much has been done.

The problem is not that the FDA is not trying, it is that reporting injuries is based in a volunteer system, in which only requires drug manufacturers to report the injuries they learn about that involve their drugs. The FDA does not have the authority to require doctors and hospitals to report injuries, either to the government or to manufacturers who then pass on the word. 

Because all possible side effects of a drug can not be anticipated based on pre-approval studies involving only several hundred to several thousand patients, FDA maintains a system of post marketing surveillance and risk assessment programs to identify adverse events that did not appear during the drug approval process. FDA monitors adverse events such as adverse reactions and poisonings. The Agency uses this information to update drug labeling, and, on rare occasions, to reevaluate the approval or marketing decision.

After a drug is approved for marketing, the sponsor (usually the manufacturer and marketer) must report on the adverse events it learns about, to regulatory agencies worldwide. Such reports are controlled by laws, regulations and guidelines and are required frequently for newly approved drugs. Monitoring and evaluating a drug’s safety profile becomes more complex after the drug is approved by the FDA or any other Agency and is marketed for a specific indication at specified doses. Once on the market, the drug will be given to many more patients than studied prior to marketing, and will be used outside of controlled clinical trial environments. 

After marketing, physicians are free to use the drug in different doses, different dosing regimens, in different patient populations and in other ways that they believe will benefit patients. This is in contrast to the recommended prescribing criteria, dosages, contraindications, warnings, and other information in the drug’s labeling. This is beneficial in that the drug is explored more broadly than originally tested. It expands the information on a drug’s safety profile, because any untoward effects are usually reported promptly to the company, in the medical literature, and are rapidly brought to the attention of large numbers of regulatory, company, and professional health care staff.

Adverse reactions that occur in fewer than 1 in 3,000 or 5,000 patients are unlikely to be detected in investigational clinical trials, and may be unknown at the time of marketing approval. These rare adverse reactions are more likely to be detected when large numbers of patients are exposed to the drug.

Reports of serious and unexpected adverse drug reactions (ADRs) anywhere in the world that reach a company must be reported to regulatory authorities within 15 calendar days. Reports of less serious ADRs are processed and submitted at regular intervals. Each multinational company has established large global systems to capture ADRs, investigate them, evaluate them within clinical, or more often, special pharmaco-epidemiology (i.e., global safety) departments, and report them either directly to regulatory authorities or to their regulatory groups who in turn submit them to regulatory authorities.

To reflect the increasing importance of post-marketing surveillance and risk assessment and to take into account the increased number of approvals each year, in the fall of 1998 the Center for Drugs expanded an existing division to create a new Office of Post-Marketing Drug Risk Assessment (OPDRA). The purpose of this new office is to plan, direct, and collaborate in the conduct of epidemiological studies to explore and confirm safety signals, to assess risk, and to provide oversight for the monitoring of medication errors and other drug surveillance strategies. The staff is a multidisciplinary group of risk assessors and epidemiologists who use the tools of epidemiology to evaluate drugs once they are marketed and to perform risk assessment studies.

PROCESS OF RECALLING A DRUG

On a marketing standpoint, the worst situation that can occur is having a drug product removed from the pharmacy shelves.  In the US, recalls are brought forth by either the drug manufacturer or by the FDA.  Recalls can be divided into the following three classes: Class I, a situation in which there is a reasonable probability that the use of or exposure to a volatile product will cause serious adverse health consequences or death, Class II, a situation in which use of or exposure to a volatile product may cause temporary or medically reversible adverse health consequences or where the probability of serious adverse health consequences is remote, Class III, a situation in which use of or exposure to a volatile product is not likely to cause adverse health consequences http://www.fda.gov/oc/po/firmrecalls/recall_defin.html (3).

For the EMEA limited information was found on their website to the exact sequence of events of the recall process.  However, both the FDA and EMEA have formed a synergic partnership where information is exchanged between both regulatory agencies.  This exchanging of information is vital in providing pharmacovigilance to a multifarious distribution of medical treatments. If this partnership was instituted during the early 1950’s, the irreversible toxic side effects caused by Thalidomide, first observed in Europe, would have bolstered the FDA’s decision in not marketing this drug in the US.   However, the creation of the EMEA was not until 1993.  The following forms: US/Europe Joint Procedure for the Exchange of Serious or Life-threatening Human and Animal Pharmaceutical Product Recalls can be found on the websites listed below. http://www.emea.eu.int/docs/technical/mra/us/008601en.doc
http://www.emea.eu.int/pdfs/technical/postmarket/Productdefect/Batchrecall.pdf
While Thalidomide was recalled in Europe after the effects observed to newborn infants, it was never marketed for approval in the US because of the gallant efforts of Frances Kelsey, M.D., Ph.D.  It was reported that this was her first assignment after joining the FDA in 1960.  In her own words… “They gave it to me because they thought it would be an easy one to start on," she now recalls.  "As it turned out, it wasn't all that easy."  Years later, she recalled that, "... at this time there was growing concern regarding the exposure of the fetus to drugs and other substances to which the mother was exposed during pregnancy.”  Dr. Kelsey was particular interested in fetal safety because during the 1940s she had worked on the antimalarial drug quinine and had noted that embryos lacked the ability to metabolize quinine (4).  Animal studies were not sufficient enough for Dr. Kelsey.  She was also interested in knowing the pharmacodynamics (PD), drug stability, and human metabolism of thalidomide. Based on her previous research experience, Dr. Kelsey possessed the foresight to ask toxicological related questions that typically weren’t addressed during that time period of drug approvals.  Since the drug manufacturer Chemie Grunenthal and their American distributor Richardson-Merrell could not address her with the appropriate responses, US approval was thwarted.  On a risk assessment standpoint, it is amazing that only one individual was responsible for the decision making on whether a drug was approved or disapproved at that time.  Nonetheless, Dr. Kelsey decision was critical in preventing the thalidomide tragedy in the US.  As a result of her good measures, she received the distinguished federal civilian service award in 1962 from President John F. Kennedy (2).  For more information on Dr. Kelsey story, please refer to the following website (also used as reference material) http://www.fda.gov/fdac/features/1997/697_thal.html.

Another type of removal of a drug product is called a voluntary withdrawal.  A voluntary withdrawal is where a drug product infringes on certain minor violations and the FDA cannot take any addition legal action.  Subsequent corrections are then made before the drug product is reintroduced (if possible) to the marketplace.  An example of a voluntary withdrawal was in the 1980’s during the Tylenol® scare.  Johnson & Johnson recalled Tylenol® form the store shelves and introduced a tamper resistant packaging design for the drug product.

While tamper resistance can be implemented for drug product packaging, irreversible toxicological side effects such as fatal rhabdomyolysis cannot.  Nevertheless, Baycol® was removed from the pharmacies as a result of a voluntary withdrawal.  A study by the Health Research Group reported that 81 deaths in 12 million patients resulted from rhabdomyolysis and were associated to statin type drugs in the late 1980's.  Baycol®, another statin type drug and approved in 1997, was attributed to 31 deaths in a patient population of 700,000 within a four year time frame.  These statistics do not favor the benefit of Baycol® and Dr. Sidney Wolfe, director of the Health Research Group mentioned, "The other statin drugs apparently don't cause problems at the same rate cerivastatin did, but the problems for them are still very serious, more serious than people have suspected." The website http://www.baycol-facts.com/recall.htm states, …“because doctors and hospitals are not required to report adverse reactions, academic, industry and government statisticians have calculated that there were probably about 10 cases of side effects for each case reported to the FDA.  This type of inconsistencies in side effects statistics between bodies reinforces the need for an improvement in post-market awareness.  

Because fatal rhabdomyolysis was significantly higher for users of Baycol® than for users of other cholesterol mitigating drug treatments, on August 8, 2001, E. Paul MacCarthy, MD, of the Bayer corporation, issued a letter to the FDA for the voluntary withdrawal of Baycol®.  In this letter, Bayer acknowledges the reports of rhabdomyolysis observed with statin drugs, and the higher incidences of fatalities observed with Baycol®. “Effective immediately, Bayer has discontinued the marketing and distribution of all dosage strengths of Baycol.  Patients who are currently taking Baycol should have their Baycol discontinued and be switched to an alternative therapy”… “Bayer is taking this action as part of an ongoing commitment to patients and their healthcare providers to ensure patient safety.”  The complete letter to the FDA can be found at this website http://www.fda.gov/medwatch/safety/2001/Baycol2.htm.
RISK ASSESSMENTS 

When Baycol® was first approved in 1997, it appeared to be very efficacious, possessed very few side effects, and was consider a lifesaving treatment.  During Phase III trials over 3,000 patients were administered cerivastatin sodium tablets were no serious complications had arisen.  As a result of fetal rhabdomyolysis, Baycol® is no longer approved for general distribution in the US.  In his column in the New York Times (August 21, 2001), Philip J. Hilts states, “Experts say the story of Baycol® shows the kind of communication failure that has occurred before and may well occur again with other drugs. When muscle problems and deaths linked to Baycol® were reported, Bayer and the FDA warned doctors to be cautious in prescribing it, but the warnings failed to stem the problem, and Baycol® finally had to be taken off the market.  A more effective warning system is needed to alert doctors to drug side effects and problems, many in the medical profession say.” Source: http://www.baycol-facts.com/news_8-21-01.htm.  While patients and the medical community have seen the last of Baycol®, the same cannot be said about thalidomide.  On September 1998 the FDA issued a letter to Celgene, http://www.celgene.com/thalomid/ for approval of Thalomid® (thalidomide) as a treatment for a leprosy complication: the skin manifestations of erythema nodosum leprosum (ENL).   Source: http://www.fda.gov/bbs/topics/ANSWERS/ANS00820.html. 

So, how much have we learn as a society after the irreversible toxic side effects already observed with thalidomide on the fetus?   In 1962 it was estimated that over 500 babies had been born in Great Britain and over 3,000 in Germany with abnormalities as a result of mothers taking thalidomide during pregnancy (5).  The physiological impact of these abnormalities must have been tortuous for many expecting parents.  Severe enough where the practice of euthanasia was adopted in certain cases…“In November 1962 a Belgian family and their doctor were found not guilty of the mercy killing of Corinne van de Put, their baby who was born without arms as a result of her mother taking a drug containing thalidomide during her pregnancy.  Her parents and family doctor used barbiturates to poison the baby soon after her birth.”  Even Hollywood jumped on board with the social ramifications of thalidomide use in the 1992 movie “A Private Matter”.  The premise: “A mother of four discovers that her fifth baby will be born with severe deformities caused by the drug thalidomide. She wants to warn other women about the drug, but anti-abortion protestors and negative publicity cause the courts to intervene, forcing her to take the issue out of the country.” Sources for the Belgian trial and “A Private Matter” http://www.nostalgiacentral.com/pop/thalidomide.htm.
Even though Thalidomide was never approved in the US until 1997, it has been given to hundreds of patients under the FDA's investigational new drug application (IND) program.  "We're now moving from a state of issuing compassionate INDs for thalidomide to a state where there are actual clinical trials going on." said Birnkrant of the FDA.  Because of the known toxicities, female patients that have participated in the investigational programs were warned that even one Thalidomide capsule could cause serious side effects to the fetus.  Preventive measures such as blood or urine testing to examine for pregnancy were instated.

What has stimulated this recent revival of thalidomide and why do the medicinal benefits of its use and approval out weigh the risks?  The primary reason is Thalidomide’s ability to diminish Tumor Necrosis Factor (TNF-α) levels, a cytokine that is overabundant in diseases such as tuberculosis, cancer, and leprosy.

Because ENL is a serious complication of leprosy and Thalidomide was previous established as proven therapy, Celgene pushed for approval. The Celgene NDA was primarily composed of a compilation of clinical trials from the 1960’s and 1970’s.  In one particular clinical trial of thalidomide (1971), the inclusion criteria stated testing only in male subjects.  The clinical trial was also considered short-term.  Therefore, safety issues related to brief administration of thalidomide were only monitored.  Celgene was allowed to “bridge data” from these previous clinical trials and needed only to perform a bioequivalence trial (PK) in showing similar efficacy of their drug to the ones used in these previous trials.  However, “The products studied in the 1960's and 1970's have long exceeded their expiry dates. Direct comparisons are not possible.”   Nevertheless, Celgene submitted data from a PK trial that compared the bioavailability of Celgene produced Thalidomide to Thalidomide previously used by the US Public Health Service that was within the expiry period.  The Celgene application for Thalidomide was considered by FDA's Dermatologic and Ophthalmic Drugs Advisory Committee on Sept. 4-5, 1997 and on Sept 9-10, 1997, an open public scientific workshop was held to discuss the potential benefits and risks of thalidomide being reintroduced into the marketplace (6). FDA approval letter: http://www.fda.gov/cder/news/thalinfo/20785medr.htm
On a research prospective, thalidomide possess great majestic powers in combating other life threatening diseases such as ENL, cancer, and AIDS.  But again, do the benefits found in other indication out weigh the associated risks?  During the Baycol® disaster, Dr. Wood of Vanderbilt University stated,”…drugs that are beneficial, like the statins, can also cause unwanted side effects.   But there are few tools available to make sure that doctors know about and heed warnings and safety instructions on drug labels, such warnings often fail to work.’’ Why is the message not getting out to the public?  And what further recourse has the FDA devised for the approval of thalidomide?  To rectify the failures observed in the past and silence the critics like Dr. Wood, the FDA along with Celgene have set up a program called System for Thalidomide Education and Prescribing Safety (STEPS) program to get the message out there about Thalomid®.  The STEPS program is designed to prevent fetal exposure by the instituting (1) pregnancy testing (2) birth control measures (3) physician education (4) patient education (5) registration of patients and (6) patient informed consent forms.  
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While these measures are the precursors in preventing another Thalidomide tragedy, are there any associated risks to male patients?  Here is an excerpt taken from http://www.fda.gov/cder/news/thalidomide.htm for the warning given to male patients…“You must abstain from sexual intercourse or use a condom during intercourse while, and for one month after, taking Thalidomide. It is not known if thalidomide is present in male ejaculate (semen).”  Should further investigation into male reproduction systems have been confirmed first prior to approval of Thalomid®?  This warning seems very ambiguous and more or less makes the male patient accountable for his actions and not the drug marker.   Also, because this new plethora of information is now given to the patient http://www.fda.gov/cder/news/thalidomide.htm and programs like STEPS are now available, is the message being delivered outside the US about the irreversible toxicological effects of thalidomide?  Apparently not because in other countries like Brazil the poorly supervised use of Thalidomide for leprosy in uneducated patients is causing an unknown number of children with the typical severe birth defects first observed during the 1960’s (7).  

“Hasn’t the world learned a thing”, states Rolf Lager from Sweden, an individual disabled from the Thalidomide tragedy.  “We tend to call those children [Brazil], with a certain amount of cynicism, the Second Generation… this development is the last thing we could think of [previous Thalidomide suffers]… something unthinkable… and now we are seeing new Thalidomide babies being born again.  Hasn’t the world community learned a thing!”
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Ingrid Block, another individual disabled from the thalidomide, states, “We face the ultimate dilemma… while the government tries to protect the population from possible harmful drugs with regulations, people who are dying and looking for a cure or an answer to suffering are taking desperate and, perhaps, unsafe measures. They do this by pressuring agencies to quickly approve drugs or by looking for them on the black market.”

Indeed the FDA was faced with the ultimate dilemma.  Their approval for Thalomid® re-enforces their disposition that the therapeutic value of thalidomide far out-weighs the risks to the ailing and suffering.  This decision most likely would not be supported by Rolf and Ingrid, but the FDA in conjunction with Celgene are taking extreme measures i.e. STEPS in getting the message to the patients first.  

For more information on Rolf, Ingrid and others disabled from Thalidomide and their life stories please refer to the following website also used as reference: http://www.thalidomide.org/FfdN/english/eindex.html
Because Baycol® has a fairly short history compared to Thalidomide and the primary indications of statins are hypercholesterolemia and mixed hyperlipidemia with moderately elevated triglycerides (8), it would interesting to know if cerivastatin sodium will be marketed under a different name for new indications in the next 50 years.  The clinical advisory of statins committee reported that over 50,000 individuals have been randomized to either a placebo or statin in clinical trials spanning over 5.4 years without serious morbidity or increase in mortality for the drug treated patients (9).  What makes the statin, Baycol® so different?  Unfortunately, little information was found after a pubmed search about the clinical relevance of statins besides that of a lowering cholesterol agent.  However, in Biskobing’s Novel Therapies for Osteoporsis studies incorporating testing the efficacy of statins in bone (10) were conducted. Apparently, the future awaits the answers to the “ultimate dilemma” questions if Baycol® is to be reintroduced to the market. 

FUTURE FOR THALIDOMIDE AND BAYCOL 

Thalidomide
Forty-two years after it was pulled of the market and after thousands of babies in Canada and Europe were born with deformed limbs; Thalidomide is making a comeback. The drug is currently being tested in more than a hundred different clinical trials for a variety of cancers and autoimmune diseases, ranging from lung tumors to rheumatoid arthritis to AIDS. 

One of the most successful applications for thalidomide today is for patients with multiple myeloma, a rare and fatal form of blood cancer. Multiple myeloma is a B-cell malignancy resulting from the monoclonal proliferation of plasma cells within the bone marrow. Thalidomide is the first drug to demonstrate clinically significant activity in relapsed or refractory multiple myeloma in over 20 years.

Myeloma cells live in their own protected microenvironment. Thus, in theory, a drug's ability to disrupt the microenvironment is crucial for successful treatment of multiple myeloma. Thalidomide is classified as an immuno-modulatory agent and has produced numerous effects on the tumor microenvironment, such as inhibition of angiogenesis and modulation of the immune system, cytokines, and adhesion molecules. Thalidomide may inhibit the growth of both tumor cells and bone marrow stromal cells directly. In addition, alterations in adhesion molecules result in impaired adhesion of multiple myeloma cells to bone marrow stromal cells. Thalidomide further affects interactions within the tumor microenvironment through inhibiting cytokines such as IL-6 and TNF-, which mediate growth and survival of multiple myeloma cells. Thalidomide can decrease the amount of angiogenesis through the inhibition of cytokines such as vascular endothelial growth factor and basic fibroblast growth factor. Thalidomide also modulates the immune system by stimulating T lymphocytes, mainly CD8+ T cells (Zangari et al, 1998).

Sedation and constipation are among the most common adverse effects of thalidomide. Rash, orthostatic hypotension, and peripheral neuropathy are also common. New trials with thalidomide administered alone and in combination with other agents seem to show promising activity in patients with multiple myeloma, as do preliminary studies with thalidomide derivatives.

Also the FDA is considering an application to approve Thalidomide as a treatment for the weight loss and metabolic wasting often seen in patients with advanced AIDS.  It works in lab experiments against HIV by suppressing a natural substance produced in the body called tumor necrosis factor (TNF), also known as cachectin. This substance is released by white blood cells during infection and helps fight invading bacteria and organisms. TNF is usually produced in high levels in some HIV infected people. This excessive production may lead to weight loss over a period of time and may also interfere with the ability to fight off infections by the immune system. Scientists have found that this may prove useful in the treatment of AIDS, a breakdown of the body’s immune system. A natural substance that normally defends the body against cancer and infections, TNF promotes the production of the human immunodeficiency virus. Some AIDS patients who have taken Thalidomide have gained weight and no longer experience fevers. Although researchers do not consider Thalidomide a potential cure for AIDS, they believe the drug may prove effective in slowing the progress of the disease by suppressing the production of HIV in infected cells (McArthur, 2003).

Enormous amount of work has been done in the past few years in trying to understand Thalidomide. A large number of clinical trials currently underway are evaluating the role of this drug in a variety of different conditions from cancer to autoimmune disorders. These steps are being taken to prevent another wave of deformed babies. In Brazil, where Thalidomide was tested as a treatment for leprosy, there are reports of as many as 46 deformed infants born to mothers who got the drug from lepers. Strangely enough, many researchers support FDA approval of Thalidomide. Though they wish for a world without Thalidomide, the drug is already available on the black market and through illegal "clubs" for AIDS patients in Brazil, Mexico, Africa and China. At least with FDA approval, there would be some government control on how the drug gets distributed.

This has lent a sense of urgency to understand the basis of its anti neoplastic activity as well as the teratogenicity. Thalidomide now belongs to a new class of immuno-modulatory drugs known as IMiDs. A large number of these drugs are in various stages of development, including a few in phase I trials like the oral CC5013, an immuno-modulatory thalidomide derivative which has been studied in patients with relapsed/refractory multiple myeloma (Richardson et al., 1998).

Baycol (statins)
Researchers continue to evaluate the role of statins in high cholesterol treatment and the prevention of heart disease. A new class of drugs based on modified statins are being proposed to treat inflammatory conditions. While this line of research is in its infancy, researchers believe that statins modified to enhanced their anti-inflammatory properties may one day be used to treat conditions such as rheumatoid arthritis or even thwart tissue rejection after an organ transplant. 

The anticoagulant properties of statins have been documented in other studies as well. According to McDermott et al. (2003) statins are able to help prevent blood clots and that this ability appears to be unrelated to statins' ability to lower levels of total cholesterol and LDL cholesterol. 

Statins may also slow production of a protein (amyloid) associated with Alzheimer's disease. According to Aldridge (2002) taking statins appears to reduce the likelihood of developing Alzheimer's disease in later life. It's becoming increasingly apparent that risk factors such as high blood pressure and high cholesterol in middle age have an influence on incidence of dementia later on. Previous research has suggested that the use of statins, drugs that reduce cholesterol, could cut Alzheimer's risk in the long term. The study suggests that taking statins is associated with a 79% reduction in the risk of developing Alzheimer's disease. The benefit was not, however, found in other cholesterol-lowering drugs. Statins, it seems, may protect the patient from more than just heart problems.

Shishehbor et al. (2003) believe that giving high doses of statins to patients immediately following a heart attack or episode of unstable angina may reduce the risk of another coronary event in the future. Researchers found that high dose statin use lowered risk even among patients whose blood cholesterol levels were not extremely high. The study followed more than 3000 patients for over four months following a heart attack or unstable angina episode. Those taking statins were 16 percent less likely to have experienced angina, heart attack or death.

The future of statins as therapy for reducing cholesterol remains unknown as a result of the withdrawal of Baycol. Although the reason for the withdrawal was limited to cerivastatin, the fallout could have negative impacts on the other statins currently on the market. Stricter labeling for other statins may be one result. But even stricter labeling may not prevent potential adverse effects, because, as physicians become more aggressive in lowering cholesterol, they are turning more often to statins in combination with other lipid-lowering therapies, which can increase the risk of side effects, especially myopathy and rhabdomyolysis. More liberal use of statins is a worry because physicians will not necessarily closely follow drug labels. 
 CONCLUSION  

Regulatory approval of drugs can be an obstacle course and is a process that frequently comes under fire for being too rapid or too slow. Critics often complain that pharmaceuticals are approved too slowly by a process that is too costly and complicated, which has fatal effects for patients when life-saving drugs are involved. The FDA has reacted to long-standing criticism by simplifying some of its guidelines and procedures, while the EMEA has resisted expediting its approval process. But it is unclear whether a faster and slimmed down approval process is indeed better for public health. Critics of more rapid approval, point to drugs in the past years that were withdrawn from the US market due to serious side effects and that were, they believe, approved too quickly. Among these drugs, Thalidomide and Baycol® are two cases studies were these devastating side effects had occurred.

As for the Cheime-Grunenthal company, the original manufacturer of Thalidomide, it is reported that over 2,200,000 million units had been produced and sold in 38 different countries (11) and the number is still growing.  The company still in existence was responsible for one of the biggest pharmaceutical tragedies to date and indirectly responsible for the revaluation of  research, testing, and technical requirements for the registration of pharmaceuticals agents.

As for Baycol®, the Bayer corporation was recently found not liable in a 560 million dollar lawsuit brought forth by Hollis Haltom, an 82-year-old man who suffered from irreversible toxicological side effects from taking Baycol®.  To support Haltom’s claim, his lawyers had produced e-mails and internal documents in suggesting that the Bayer corporation didn't sufficiently warn doctors about the possible side effects of the drug before it was withdrawn from the market.  “We're not happy about it,'' the plaintiff's daughter, Holly Haltom, said after the verdict. “My heart goes out to all the others, especially victims who died.''  http://channels.netscape.com/ns/news/story.jsp?floc=FF-APO-1310&idq=/ff/story/0001%2F20030318%2F170606860.htm&sc=1310 The news article also reports that this was the first out of 8,000 cases to go against Bayer for its mishandling of Baycol®.   

In conclusion, the focus of this research project was to provide an additional understanding of the testing and approval process for NCEs, examine the mechanism of the irreversible toxic side effects from two case studies 1) Thalidomide and 2) Baycol®, understand the associated risks with their approvals, explain the recall procedure, and focus on what safe guards from a toxicological standpoint that have been implemented since these two catastrophic disasters took place.
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