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Introduction 

Today is the era of  evidence based medicine and foremost em-
phasis is being given for protection of  ethics in the clinical tri-
als. Serious considerations by regulatory authorities to safeguard 
patient rights, safety and well being have been framed. Clinical 
trials are research based studies performed on human beings [1]
for developing therapeutic interventions and to investigate patho-
genesis of  disease. These trials or studies test the efficacy of  a 

novel medicine and provide a comparative tool of  novel therapy 
to previous one by established interventions [2]. Efforts are made 
to prove safety and efficacy of  novel drugs in human subjects 
[3]. Preclinical studies are performed in animal species to study 
the safety and efficacy of  the new drug prior to the clinical tri-
als. Only after successful preclinical studies, permission is taken 
to investigate safety and efficacy in human subjects enrolled in a 
clinical trial [4]. Clinical trials are carried through phases from I to 
IV [5]. Clinical research is a complete story of  the drug molecules 
from its invention in lab to its arrival in the market for customer 
benefit [4].

Irrespective of  the advantages and safety provided to the subjects, 
accidents occurs quite frequently during the conduct of  clinical 
trials. Clinical research laid the foundation for establishing new 
regulations and policies, social benefits to subjects. However the 
violation of  ethics endangers life of  the participants. Involuntary 
participations and unethical conduct was a pathway to injustice. 
On literature review it was found that there was no focus on ethi-
cal considerations from the year 1930 till 1960. During the clini-
cal trials as a consequence, there were tragedies associated with 
high morbidity and mortality. Potential rationale behind all these 
tragedies were non scientific conduct, misinterpretation of  safety 
data, inadequate preclinical data on safety and efficacy, victims 
treated as guinea pigs, lack of  pharmaco-vigilance evidence, lack 
of  attentiveness in clinical researchers engaged in patient care, 
inappropriate patient consent, hindrance/slow withdrawal even 
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after denunciation of  drug from market etc. 

This review intends to highlight some of  the unfortunate trag-
edies that occurred due to some or the other reason in conduct 
of  clinical trials. Authors also intend to highlight that despite 
such stringent laws in favor of  patients supported by regulatory 
authorities like FDA; drugs were being launched and withdrawn 
from market so frequently. Authors have made an effort to find 
out the lacunas in national as well as international systems/regu-
latory authorities that discourage launch of  such spurious drugs 
that need withdrawals after 10-20 years of  public use. 

Each tragedy led to establishment of  respective regulations in the 
favor of  human ethics. Every stage in clinical research develop-
ment represented an initiative step to protect human rights [5], 
safety and well being of  human subjects [6]. The current regula-
tions and policies are the corrective actions in response to the past 
tragedies. Tragedies of  clinical trials and regulations are directly 
related [7].

Reasons for such tragedies in clinical trials include [5-8]

•	 No scientific knowledge and lack of  integrity of  trials 
•	 No approved Protocol 
•	 Lack of  ethical considerations 
•	 Patient consent not received  
•	 Lack of  preclinical studies for safety and efficacy 
•	 Participation in trials against subject’s willingness

Below are few of  the Important Tragedies in his-
tory of  clinical trials 

Tuskegee Syphilis study (1932-1972) 

Tuskegee Syphilis study began in 1932 and was concluded in 
1972, in Alabama. This biomedical research study was performed 
for a longer duration of  40 years [9]. This study involved unethical 
experiments and practice [11]. Victims were not informed about 
the details of  the experiment [10]. The aim of  the study was to 
investigate the progression of  syphilis in untreated people [12]. 
Stage of  disease was asymptomatic during study. The subjects 
enrolled were neither informed about the disease nor treated de-
spite the availability of  the treatment and facilities. Drug available 
in the market for treatment was Penicillin [10]. The experiments 
were terminated in 1972 as a consequence of  public disclosure 
by media. Following which National Research Act (1974) found-
ed National Commission for protection of  human subjects of  
biomedical and behavioral research. In an attempt to protect eth-
ics Belmont report was proposed in 1979 [6]. This report was 
prepared by National Commission for the Protection of  Human 
Subjects of  Biomedical and Behavioral Research. It stated guide-
lines for ethics [13]. This report was an effort to encourage safety 
of  human subjects during experiments [14].

Sulfanilamide Disaster/Taste of  Raspberries/Taste of  
Death/the 1937 Elixir Sulfanilamide Incident

This incident happened in East Virginia and West California. More 
than 100 people died in 15 states in U.S. [15]. This tragedy oc-
curred in 1937 following consumption of  Sulfanilamide indicated 
as antibacterial to cure streptococcal infections. Earlier drug was 
sold in solid form like capsule and tablets but later its manufactur-
ers decided to formulate a liquid suspension for oral consumption 

to increase its market value by using a solvent named diethylene 
glycol [16]. The suspension was sweet with raspberry flavor hav-
ing good color, fragrance and acceptable taste [17]. As there were 
no established regulations to conduct preclinical or clinical trials, 
new suspension was not studied for safety and toxicity. Diethylene 
glycol: an antifreezing agent was tested as toxic ingredient by the 
AMA laboratory and a warning was made via newspapers and 
radio to the public that elixir Sulfanilamide was toxic and deadly 
poison. Few simple animal studies had demonstrated the elixir 
was toxic and could result in renal damage but regulations were 
not strengthened enough to stop marketing of  toxic drugs [15]. 
Federal Food and Drug Act, 1938 was established in response to 
this tragedy making the premarketing safety data for novel drugs 
mandatory. This act brought profound changes in Food and Drug 
Administration [18].

Nazi’s Experiments

This was another chain of  unethical studies enrolling Human sub-
jects (Prisoners and disabled) started in early 1940s in Germany. 
Participation was a forceful act and informed consent ware not 
obtained. A large number of  people died in these experiments 
and several others were killed to perform autopsy. Survivors of  
experiments suffered from mental torture, mutilation. There were 
a number of  experiments conducted under this trial [19]. Some of  
them are listed below:

Twins Experiments: These experiments were performed to 
gather knowledge about reproductive system and racial duplica-
tion of  twins. Several twin children were involved in these studies 
[20].

Bone, nerve and muscle experiments: These experiments led 
to unethical acts like painful and involuntary removal of  limbs, 
muscle in concentration camps to study process of  transplanta-
tion from one person to another [19, 20].

Dachau Hypothermia experiments: These experiments were 
performed to obtain efficacious therapy for subjects of  immer-
sion hypothermia [21]. Participants were forced to remain in cold 
icy water either naked or dressed to simulate the conditions of  
German pilots and to see tolerance to intense cold [5, 19, 21].

Malaria experiments: These were carried by way of  induction 
of  malaria parasitic infection in human subjects and treatment 
with pharmaceutical products to find out immunity against para-
sitic infection.

Mustard gas experiments: Another example of  inhuman stud-
ies in which wound were induced in participants by exposure to 
mustard gas and investigations were done to obtain therapy for 
mustard gas burns.

Immune experiments: These were conducted to find natural 
protection against Tuberculosis. These include induction of  tu-
berculosis in the participants.

Sulfonamide experiments: These experiments were conducted 
to study the efficacy of  sulfonamide on wounds. Supply of  blood 
to wound was blocked to provide Warfield wound appearance. 
Wound was infected and then treated with drug. These experi-
ments were carried from July 1942 to September 1943, to investi-
gate the effectiveness of  drug sulfonamide against streptococcus 
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and clostridium Perfringens.

Sea water experiments: These experiments were performed to 
know if  sea water can be used for drinking [19]. These were inhu-
man efforts resulting in death. Victims were deprived of  drinking 
water and only sea water was given. These led to severe dehydra-
tion and subsequent death [20].

Sterilization experiments: Here subjects were unaware of  the 
experiment. Chemicals were injected into the genital organs of  
men and women [19] and were exposed to radiations rendering 
them sterile. Later they presented with various complications like 
painful uterus, infertility, gastric bleeding and carcinomas [19, 20].

Poison experiments: These were conducted to find out the ac-
tions of  different toxic substances on human subjects. The toxic 
substances were injected without informing them or combined 
with meals. Those who survived were killed and autopsies were 
performed on dead subjects [19]. The logic behind was to assess 
death rate with poison [20].

High altitude experiments: In these experiments victims were 
suspended to high altitude to find consequences of  high altitude 
exposure in an attempt to aid German pilots. A large number of  
victims died during these experiments [5, 19].

Nuremberg code-1946: As a consequence of  Nuremberg Trial 
also known as doctor’s trial, Nuremberg code was established in 
1947. This code stated ethical guidelines for research on human 
subjects. These trials were carried in Nuremberg, Germany. These 
trials were performed on physicians responsible for conducting 
unethical experiments in concentration camps. They justified in 
their defense about lack of  rules and regulations regarding experi-
ments [22]. This code addressed protection of  human rights in 
form of  informed consent, social advantage, preclinical experi-
ments, voluntary participation and withdrawal from study, risk/
benefit assessment, protection against mortality, disfigurement, 
performed by qualified physician [5].

Guatemala syphilis experiment

This study was performed in Guatemala (A country in Central 
America) during 1946 to 1948 [23, 24]. Normal human subjects 
were unwillingly enrolled in these experiments. Informed Con-
sent was not obtained from participants [25]. They were infected 
with syphilis and other sexually transmitted diseases [24]. This 
study was done to establish the knowledge about the prevention 
of  sexually transmitted diseases (STD’s) and therapeutic efficacy 
of  Penicillin in syphilis treatment [25]. Penicillin treatment was 
made available only to one third of  infected people only. Eighty 
three people died in these experiments. Such experiments and 
procedures adopted were unethical [26].

Thalidomide Tragedy

Thalidomide Tragedy is also known as Canadian Tragedy [27]. 
Thalidomide was manufactured by Chemie Grunthal and mar-
keted in Germany in 1957 as an over-the-counter drug for sleep-
lessness (insomnia), cold and cough [28, 29]. It was marketed 
as a ‘drug with safety profile’ for everyone, including pregnant 
mother and child [17]. Animal studies were found to be safe but 
safety studies on human were not preformed [28]. It was an Aus-
tralian physician Dr. William McBride who first noticed that the 

thalidomide could relieve pregnant women from morning sick-
ness. Therefore he started prescribing thalidomide to his pregnant 
patients [29]. Subsequently it became extremely popular [17]. In 
year 1960 thalidomide was distributed in 46 countries. Expecting 
mothers started using Thalidomide without prescription. In 1961, 
congenital anomalies were reported in newborns e. g. Phocomelia 
(the stunting or lack of  limbs). Later, it was confirmed that the 
Thalidomide caused severe congenital malformations. The drug 
interrupted the normal development process at that stage when 
thalidomide was exposed during pregnancy. It was reported that 
161 babies suffered from phocomelia resulting in discontinua-
tion of  drug in Germany [29]. Mortality was approximately 2,000 
and morbidity was more than 10,000 [30]. In 1962, the drug was 
withdrawn from market [31]. Anomalies occurred due to lack of  
knowledge of  drug’s pharmacokinetics and pharmacodynamics 
and insufficient preclinical safety data [32]. In response to tha-
lidomide disaster “Kefauver Harris Amendment” was released in 
the same year 1962 which was an amendment to Federal Food 
Drug and Cosmetic Act 1938. This act made it mandatory to the 
pharmaceutical company to state preapproval safety and efficacy 
of  their drug and describing the possible side effects of  the drug 
[33]. Thalidomide was again approved by FDA in 1998 for treat-
ment of  Hansen’s disease and multiple myeloma [34]. Due to its 
adverse effects on embryogenesis, System for Thalidomide Edu-
cation and Prescribing Safety [S.T.E.P.S.] program was initiated 
by Celgene pharmaceuticals which provide regulations for drug 
marketing and essential patient education [29]. This program is 
now a day’s named as Thalomid REMS (Risk Evaluation Mitiga-
tion Strategy) Program [35].

Clioquinol Tragedy

Clioquinolol (Iodochlorhydroxyquin) was approved as over-the-
counter drug in Japan for the treatment of  diarrhea and gastric 
disorders [36]. Drug was marketed in 1953 by Ciba-Geigy [37]. 
By 1957 to 1970 Japanese people started suffering from SMON 
(sub acute myelo-optic neuropathy) a complication affecting brain 
and gastrointestinal System. Approximately 10,000 people were 
affected [38]. These complications stemmed from lesions in spi-
nal long tracts and optic tracts e. g. distal dominant axonopathy. 
Similar complications occurred in animals [39]. A number of  
30,000 cases of  blindness and paralysis were reported in Japan 
[40]. Causal relationship with drug was established later in1969-70 
[38]. Preclinical animal studies were conducted with safe results 
[40]. Eventually in 1970 Clioquinol was removed from market fol-
lowing neuropathies in Japanese population [41].

Tragedy of  Accutane

Accutane is a vitamin A formulation, developed in 1979, used 
to cure acne [42, 43]. Accutane was indicated for treatment of  
acne of  serious type [43]. Accutane was manufactured by Roche 
Pharmaceuticals. It got US FDA approval in 1982. When no oth-
er alternative therapy was available, it was the only treatment of  
choice for acne [44]. Later drug was found to be associated with 
cases of  ulcerative colitis [45], crohan’s Disease, depression, he-
patic damage, congenital defects and miscarriage. It was banned 
by FDA in 2009. Accutane is not being manufactured currently, 
but its generic version Isotretinoin is still marketed [44]. In 2006 
FDA had put forward a proposal in reaction to the adverse effects 
of  Accutane, called “iPLEDGE” Program. Under this program 
physician, chemist and consumer will have to fulfill certain guide-
lines for drug safety [46] i.e. drug not to be taken in case of  allergy 
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to isotretinoin, history of  pregnancy, heart problem, bone disor-
der, hepatic disorder, and intestinal disease. If  administered dur-
ing pregnancy fatal defects can occur. Drug is contraindicated in 
pregnancy. Pregnancy test is the first requirement of  iPLEDGE 
Programme [42].

Tragedy of  Pergolide

Pergolide (Permax) was approved in 1982 for the treatment of  
Parkinson’s disease which is a neuromuscular disorder [47, 48]. 
During the course of  therapeutical use several cases of  cardiac 
abnormalities like valvular diseases were reported as compared 
to patients not medicated with medicine [49]. For the reasons 
of  human safety drug was removed from market [50]. Cardiac 
abnormalities were linked to incompetency of  heart valves [51]. 
This occurred as a result of  interaction of  drug with receptors 
of  cardiac muscles resulting in proliferation [52]. In year 1996, 
FDA released a black box warning about adverse effects. For the 
reasons of  human safety, drug was removed from US market in 
2007, but was still used for vetenary practice (for treatment of  
horses) [50, 52].

Baycol disaster

Cerivastatin (Baycol, Lipobay) has been used as preventive therapy 
for cardiovascular diseases with the property of  lowering choles-
terol [53]. Baycol was introduced in market in 1997 after approval 
by FDA. Indications of  drug were to use as an adjunctive therapy 
to diet [54]. First case of  death after marketing was found in 2000. 
Subsequently several cases of  deaths were reported. These death 
cases were proportionally related to increased dose level. Despite 
of  this information available FDA took no action [53]. Serious 
anomaly associated with the drug was Rhabdomyolysis. Patients 
taking Cerivastatin were at higher risk than other types of  sta-
tin [55]. Rhabdomyolysis is inflammation of  muscles resulting in 
splitting of  muscle cells leading to release of  its components in 
circulation. Renal blockage leading to renal failure was the cause 
of  patient’s death. Since other statin drugs are available in market 
for patient use Baycol withdrawal has not eliminated fatal compli-
cation [53]. Several cases of  drug interactions were also reported 
[56]. Some patients were asymptomatic but affected ones had se-
vere morbidity [57]. Adverse effects were dose related and old 
aged females were involved more frequently [58]. Approximately 
60 patients died of  Rhabdomyolysis leading to removal of  drug 
from market [53]. Laboratory finding were associated with in-
creased levels of  myoglobin in blood circulation which is a posi-
tive indicator of  myopathy [59].

Tragedy of  Troglitazone (Rezulin)

Rezulin was indicated for treatment of  Type 2 Diabetes Mellitus 
[60]. It was approved by FDA in 1997 though the results of  clini-
cal trials were not safe [61, 62]. In post marketing survey, drug was 
found to be associated with hepatic manifestations resulting in 63 
deaths due to hepatic failure [62, 63]. Subsequently FDA decided 
to remove drug from market and in 2000 Drug was removed from 
market by manufacturer Parke – Davis [63, 64].

Tragedy of  Rapacuronium (Raplon)

Rapacuronium was approved by US FDA in 1999 as an adjunctive 
anesthesia for ease of  endotracheal intubation [65]. The drug re-
sulted in fatal events like bronchospasm. The air passage became 

noncompliant during operative procedure which caused death. 
Patients presented with breathlessness mimicking asthma. Mor-
bidity associated with Raplon was 90. In additions several children 
and adults suffered from spasmodic attack [66]. In 2001 Raplon 
was removed from market [65]. During clinical trials of  Raplon 
negative results regarding safety were observed however no death 
cases were reported. In premarketing clinical trial of  Raplon, 
3.2% patients suffered with bronchospasm and this information 
was listed in package insert of  drug [67].

Tragedy of  Rofecoxib (Vioxx)

Rofecoxib was manufactured by Merck and Co. under brand name 
Ceeoxx Vioxx, Ceoxx as a Nonsteroidal anti-inflammatory drug 
(NSAID) to relieve short term pain, pain due to arthritis and pain 
during menstruation period. Rofecoxib was largely recognized for 
relieving pain. In 1999 it was approved by FDA. Rofecoxib was 
available in market in the form of  tablet, suspension and injec-
tion [68]. Adverse events reported were cardiovascular complica-
tions like myocardial infarction and heart stroke on chronic use 
[69]. VIGOR (Vioxx Gastrointestinal Outcomes Research) study 
was conducted by Merck for gathering safety data of  Rofecoxib. 
During this study cardiovascular complications were reported 
and additional data from clinical trials was submitted to FDA. It 
was analysed from this study that chances of  developing heart 
problem were greater with Rofecoxib than other anti inflamma-
tory drugs [70]. Another study named as “Approve study” proved 
double risk of  cardiac problems with Vioxx. As a consequence 
vioxx manufacturers removed the drug from market in September 
2004 [71].

Tragedy of  Efalizumab (Raptiva)

Raptiva was approved in 2003 for the treatment of  psoriasis in 
adults [72]. Patients were reported with serious infections of  
nervous system [73]. Later on drug was found to be associated 
with life threatening diseases of  nervous system e. g. Progressive 
Multifocal leukoencephalopathy (PML), meningitis. The mecha-
nism of  action of  Raptiva included suppression of  immune sys-
tem to relieve symptoms of  psoriasis [72]. The resultant immuno-
supression was found to be the possible cause for infections and 
the increased mortality [74, 75]. In October 2008 FDA released a 
‘black box’ warning on Raptiva. In June 2009 decision for removal 
of  drug from European market was taken and Raptiva was even-
tually removed from market [73, 76].

Other Tragedies in Clinical Trials

Tragedy of  Alosetron hydrochloride (Lotronex)

Lotronex was indicated for the treatment of  Irritable Bowel Syn-
drome (IBS) and severe diarrhea in women [77]. It was marketed 
in US [78]. In February 2000 drug was approved by FDA. Use 
of  Drug was associated with gastrointestinal complications like 
constipation and ischemic colitis. This led to withdrawal of  drug 
after some weeks of  approval in November 2000. These gastroin-
testinal complications also required surgical intervention [79]. Lo-
tronex was reapproved under a ‘Risk Management Programme’ 
following requests by large number of  patient who had no alter-
native treatment. Subsequently the drug was marketed under a 
program ‘Prometheus Prescribing Program for Lotronex’ to pre-
vent undesired complications [80-82].
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Tragedy of  Rimonabant (Acomplia)

Acomplia was drug manufactured by Sanofi- Avenitis to manage 
body weight and risk factor associated with obesity and was also 
indicated to decrease appetite. The drug came in the market in 
2006 [76, 83, 84]. Acomplia was approved only for the manage-
ment of  obesity by European Union but drug was also used to 
quit smoking for which it was not approved. Acomplia was not 
marketed in United States [85-87]. Acomplia was administered 
along with dietary precautions and exercises [83]. Drug was found 
to increase the chances of  psychiatric disorders i.e. depression 
and ideas of  suicidal attempts [84]. People suffered from several 
other side effects like nausea, vomiting, headache, dizziness [85]. 
Benefits from drug were lesser as compared to side effects. In 
2008 Acomplia was withdrawn by EMEA [76].

Tragedy of  Valdecoxib (Bextra)

Bextra was marketed as non-steroidal anti-inflammatory drug 
(NSAID). It was indicated for the management of  rheumatoid ar-
thritis, osteoarthritis, symptoms of  menstruation period. In 2001 
Bextra got FDA approval. It was available without prescription in 
the form of  tablet. Clinical use of  Bextra was reported with seri-
ous complications like heart attack and stroke and gastrointestinal 
complications [88, 89]. Drug was banned in 2005 [88]. FDA took 
this step after reevaluation of  safety data obtained from the clini-
cal trials of  Valdecoxib and risk-benefit assessment as there was 
no information regarding the association of  cardiac safety even 
with the prolonged use of  Bextra [89].

Tragedy of  Lumiracoxib (Prexige)

Lumiracoxib as a non steroidal anti-inflammatory drug was mar-
keted by Novartis in 2006. Cases of  hepatic complications were 
reported with use of  drug [90]. In 2007 Prexige was withdrawn 
from market by EMEA [76]. During clinical trials, the laboratory 
findings revealed significant elevation of  liver transaminase level. 
Prexige was also associated with fatal liver defects which were due 
to generation of  auto antibodies. While in other cases Liver was 
damaged to the extent requiring transplantation [91].

Tragedy of  Sibutramine (Meridia, Siredia, Sibutex)

Sibutramine was a drug used for decreasing apetite and indicat-
ed in obesity management [92]. Sibutramine was advertised for 
weight management as slimming beauty bitter orange slimming 
capsules [93]. Drug was manufactured by Abott laboratories. Sev-
eral cases with serious complications were reported like heart at-
tack and stroke [92]. These effects were pronounced in patients 
with existing cardiac problems [94]. Drug was linked with hyper-
tension and tachycardia requiring daily basis monitoring. Drug 
had several other side effects like difficulty in breathing, edema, 
bleeding in stools, vomiting, high temperature and pain in chest 
etc. It also manifested with drug interactions. Drug trials were not 
conducted on geriatric patients sufficiently so FDA excluded use 
of  drug for them. In 2010 drug was withdrawn by FDA on the 
basis of  results of  SCOUT (Sibutramine cardiovascular outcome 
trial) Study [92].

Tragedy of  Zimelidine (Zelmid)

Zelmid was marketed in 1982 for the treatment of  depression. 

Post marketing reports revealed association of  Zelmid with 
Zimelidine syndrome (a condition resembling flu), Guillain-Barré 
syndrome (condition associated with neurological defect) and sui-
cidal thoughts [95-96]. Fatalities were linked with Guillain-Barré 
syndrome which caused deaths due to respiratory muscle paraly-
sis [97]. Zelmid usage also resulted in congenital anomalies like 
persistent pulmonary hypertension (PPHN) of  neonate as blood 
circulation system was not developed properly [96]. Preclinical 
studies were safe but exposure of  Zelmid to human subjects re-
sulted in numerous side effects for example damage of  nerves, 
liver, defects of  cranium and defects of  gastrointestinal system. 
In 1983 Zelmid was withdrawn from the Market [98].

Tragedy of  Tienilic acid (Ticrynafen)

Ticrynafin was marketed as loop diuretic drug and it lowered the 
uric acid levels. It got approval by FDA in 1979 for treatment 
of  hypertension. Safety profile of  drug was not available. Side 
effects of  Ticrynafin were hepatic complications i.e. hepatitis 
[99]. Patients presented with pain in the abdomen, elevated body 
temperature, jaundice, elevated serum transaminase. About 340 
Patients suffered side effects associated with Ticrynafin. These 
hepatic complications were due to induced liver cell antigens and 
autoantigen alteration followed by sensitization [100]. In 1982 
Ticrynafin was withdrawn from market [99].

Tragedy of  Temafloxacin (Omniflox)

Omniflox is an oral fluoroquinolone antibiotic [101]. It was manu-
factured by Abbott Laboratories. It was approved in January 1992 
by FDA [102]. Omniflox was used for the treatment of  respira-
tory, urogenital tract infections and infections of  skin and soft tis-
sue [101, 103]. After four months of  marketing patients suffered 
with Temafloxacin syndrome featuring chills, high temperature, 
hemolytic anemia, allergic reactions, malfunctioning of  liver and 
kidney [104]. Six cases of  death were also reported. 73 patients 
were reported with serious adverse drug reactions. In 1992 Om-
niflox was removed from U S market [103].

Tragedy of  Aprotinin (Trasylol)

Trasylol was administered prior to major surgical procedures of  
heart and liver to control bleeding [105]. Trasylol was manufac-
tured by Bayer Pharmaceuticals [106]. Drug was approved in 1993 
by FDA to be used for subjects of  Cardio Pulmonary Bypass 
Graft Surgery. But Trasylol was used by physicians for the surger-
ies other than indicated by FDA. This was not in compliance with 
safety and efficacy requirements by FDA [107]. Trasylol retarded 
process of  fibrin breakdown and loss of  blood during surgery 
maintaining blood pressure. Hence the need for transfusion of  
blood during surgery reduced [105]. Use of  drug was associated 
with fatal myocardial infarction or cardiac failure, cerebral stroke, 
kidney failure and hypersensitivity reactions [105, 107]. These 
complications occurred in dose dependent manner [108]. FDA 
put forward a Black Box warning in association with hypersensi-
tivity reports which were more significant in patients other than 
undergoing cardiac surgery [107]. In 2007 Trasylol was provision-
ally pulled out of  market because of  risk of  these complications. 
This action was taken to reevaluate safety data [105]. Additional 
studies (Canadian study) proved the increased chances of  mortal-
ity with Trasylol [109]. In 2007 Trasylol was removed from U. S., 
Canada and Germany market [110].
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Table 1 represents the important tragedies of  Clinical trials and 
necessary action taken in response to different tragedies.

Possible Reasons for the Tragedies in Clinical Trials and 
Lessons learned from Tragedies

Behind every episode there is a reason or cause. Determination 
of  cause is a forward step to cure. Tragedies in clinical trials are 
associated with certain causes. Possible reasons of  Tragedies are 
listed below:

•	 Unsafe clinical trials conducted in reliance to preclinical data 
e. g. Raplon [67]. 

•	 Approval of  drugs despite poor clinical safety profile e. g. 
Rezulin [64]. 

•	 Marketing of  drugs not approved by regulatory authorities 
(USFDA) e. g. Thalidomide [30]. 

•	 Approval of  drug having poor risk benefit ratio – Rezulin 
[64]. 

•	 Preclinical safety results not compatible with human safety 

data e. g. Thalidomide [34]. 
•	 Poor design and planning of  drug trials [28]. 
•	 Unethical conduct of  Clinical trials [26].

Histories of  tragedies in clinical trials have taught some les-
sons which are listed below

•	 Preclinical and clinical trials results are not similar. 
•	 Preliminary evaluation of  drug for their efficacy and safety 

is necessary. 
•	 Safety and efficacy data analysis to be conducted in more 

than one animal species [34]. 
•	 Requirement of  regulatory bodies and setting of  policies and 

regulations. 
•	 Lack of  Scientific rationale [28].

Table 2 represents the Clinical Trial tragedies and their root cause.

Table 1. Chronically arranged important tragedies of  Clinical trials with necessary corrective action taken in response to 
tragedies.

Year Tragedies Landmarks in Clinical research/Corrective actions taken
1820 - •	 US Pharmacopoeia established. 
1902 - •	 US act of  granting Government Premarket approval over drugs. 
1906 - •	 Food and drug act established. 
1930 - •	 Establishment of  Food and Drug Administration (FDA). 
1932-1972 Tuskegee Syphilis Study •	 1954-Ministery of  Health of  the People’s Republic of  China established. 

•	 1971-WHO International drug monitoring Programme initiated. 
•	 1974-National commission for protection of  human subjects of  bio-

medical and behavioral research by National Research act established. 
•	 Belmont report released. 

1937 Sulfanilamide Tragedy •	 1938- Food, drug and cosmetic act. 
•	 1938-Ministery of  Health and Family Welfare (MHLW). 

1940 Nazi’s Experiment •	 Nuremberg code produced (1947) developed. 
1946-1948 Guatemala syphilis ex-

periment
•	 1951-US Durham-Humphrey Amendment. 
•	 1990-Council for International Organizations of  Medical Sciences 

(CIOMS). 
1957-61 Thalidomide tragedy •	 1962-Kefavuer-Harris Amendments to FDA. 

•	 Adverse drug reaction reporting to FDA. 
•	 1963-International drug regulations-Preclinical trials. 
•	 Phases in clinical trials, IND and NDA Submission. 
•	 1964-Pharmacovigilance in U. K. 
•	 1966-BEECHER ARTICLE. 
•	 1978-FDA Good Clinical Practices (GCP). 

1957 Clioquinolol tragedy •	 1970-drug withdrawn by Central Drug Affairs Council of  the Japanese 
Government. 

1979 Tragedy of  Ticrynafin •	 1975-Helsinki declaration revised. 
•	 1980-Code of  Federal Regulation (CFR). 

1980 Tragedy of  Propulsid •	 1980-Treatment –IND established. 
•	 1981-Common rule based on Belmont report. 

1982 Acutance Tragedy •	 1982-CIOMS International Ethics for Biomedical Research involving 
human subjects. 

•	 1983-Helsinki declaration revised. 
•	 “iPLEDGE”-The new program, announced by the Roche in August. 

1988 Tragedy of  Permax •	 1989-Declaration of  Helsinki revised. 
•	 1990-Therapeutic Goods and Administration (TGA) established. 
•	 Schedule Y added to drug and cosmetic act 1945 (India).
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1993 Tragedy of  Trasylol •	 1993-WHO guidelines established.
1996 Dexfenfluramine •	 1995 –European Medicines Agency (EMEA) established. 

•	 1996-Health Canada established. 
•	 1996-Helsinki declaration revised. 
•	 1996-Drug safety monitoring system in India. 

1997 Baycol disaster •	 1996- International Conference on Harmonization (ICH) – Good Clini-
cal Practice (GCP) established. 

•	 1997-Universal declaration on human genome and human rights. 
1997 SCOUT study •	 1997-Japan established the PMDEC.

•	 1998- Schedule Y amendment. 
1999 Tragedy of  Vioxx •	 2005-EU Regulations recommend changes in Product information and 

Packaging of  all cox-2 inhibitors. 
•	 Guidelines for novel treatment by FDA. 

2000 Tragedy of  Lotronex •	 Lotronex Prescribing Programme. 
•	 Helsinki Declaration revised. 

2001 Tragedy of  Baxtra •	 2002-EMEA COMP Established. 
•	 2002-National Pharmacovigilance Programme India established. 

2003 Tragedy of  Raptiva •	 2004-Japan established the PMDA. 
•	 2003-International declaration of  human genome data. 

2005 Tragedy of  Lumiracoxib •	 Schedule Y amendment 2005. 
•	 2005-Universal Declaration on Bioethics and Human Rights. 

Table 2. Details of  Clinical Trial tragedies and their root cause.

S. No Name of  Trag-
edy

Date of  
Approval

Date of  
with-

drawal

Drug 
in the 

market

Drug Medical 
Authority 
Holder

FDA ap-
proval

Indicated for 
use in

Trial outcome / 
adverse effects

Causes Refer-
ences

1 Tuskegee syphilis
Experiment
/bad blood/

Doing bad in the 
name of  Good. 

“Last Chance for 
Special Free Treat-

ment

1932 1972 40 years Penicillin - - Syphilis Mortality-28

100 subjects dead 
of  related complica-

tions.

Unethical experiments [10-12]

2 Sulfanilamide 
Disaster/Taste of  
Death/Taste of  
Raspberry/The 

1937 Elixir Sulfa-
nilamide Disaster

September 
–October 

1937

1938 - Sulfanila-
mide

S.E. Mas-
sengill 

company 
of  Bristol, 
Tennesse.

- Streptococcal 
sore throat 
infection

Kidney failure, urine 
stoppage, severe 
abdominal pain, 

nausea, vomiting, 
stupor, Convulsions.

Death cases more 
than 100 in 15 states.

Due to deadly poison 
diethyl glycol-an 
antifreeze agent.

No regulations estab-
lished and preclinical 
trial conducted for 

safety.

[15, 16]

3 Guatemala syphilis 
experiment

1946 1948 2 years Penicillin - - Syphilis Mortality 83.
Morbidity 1500.

Unethical experiments. [23-25]

4 Thalidomide 
Tragedy / The 

Canadian Tragedy

1957 March 2 
1962

5 years Thalido-
mide

Chemie 
Grünenthal
(German 
pharma-
ceutical 

company)

No Respiratory 
infections, in-

somnia.

Phocomelia/ absent 
limbs or short limbs 
/flipper like limbs. 
Peripheral neuritis.
Mortality - 2000

serious birth defects 
occurred more than 

10000.

Lack of  scientific data.
Human safety data 

unavailable
Marketing of  drug not 
Approved by regula-

tory authorities.

[27-31]

5 Clioquinol tragedy 
(1962-1970)

1960 1970 10 years Clioquinol CIBA-
GEIGY 

Japan

- Diarrhea and 
gastric disor-

ders.

Cases of  SMON 
(sub acute myelo-

optic neuropathy) in 
Japanese people only.

.

Spinal long tracts 
lesions and optic tracts 

e.g. distal dominant 
axonopathy.

[36-39, 41]

6 Tragedy of  Ac-
cutane

(Isotretinoin)

1982 2009 27 years Accutane Hoffmann-
LaRoche 

Inc

Yes To treat severe 
acne

Crohan’s disease, 
congenital anomalies, 
160 babies affected, 

depression, etc.

Due to close resem-
blance to retinoic acid 
birth defects found.

[42-45]

7 Tragedy of  
Permax

(Pergolide)

1988 29 March
2007

19 years Pergolide Eli Lilly Yes To treat Parkin-
son’s disease.

Heart valve damage. Incompetency of  heart 
valves

[47-49, 51, 
52, 76]

8 Baycol disaster
(Cerivastatin)

1997 August
2001

4 years Baycol
(Cerivas-

tatin)

Bayer 
Pharma-
ceuticals

Yes Cholesterol
Lowering 
property.

Severe Rhabdomy-
olysis

31 people died.

Kidney failure result-
ing in death.

Detection of  increased 
levels of  myoglobin 

in blood.

[53-55, 59]

9 Tragedy of  Rezulin
(Troglitazone)

January
1997

March
2000

3 years Rezulin Parke-
Devis

Yes Type 2 diabetes. Liver failure.
Morbidity-90.
Mortality -63.

Laboratory findings of  
elevated liver enzymes.

Approval of  drug 
even after poor clinical 

safety data

[60-64]
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10 Raplon
(Rapacuronium)

1999 March
2001

2 years Raplon Organon 
Inc

- Muscle relaxant 
given with anes-

thetic drug.

Fatal bronchospasm.
Morbidity 90.

Premarketing safety 
results were not sig-

nificant

[65, 66]

11 Vigor
(Vioxx GI Out-
comes Research) 

study

May 1999 September
2004

5. 3 years (Vioxx)
Rofecoxib

Merck Yes Anti-inflam-
matory

Myocardial infarc-
tion and stroke.

Morbid-
ity-(88,000-140,000)

Mortality-27000.

Increased risk of  
blood clotting.

[68-71]

12 Tragedy of  Efali-
zumab

(Raptiva)

2003 September 
2009

6 years Raptiva Serono 
Europe 
Limited

Yes Moderate to 
severe chronic 

plaque psoriasis.

Fatal brain infections
e.g. progressive 

multifocal leukoen-
cephalopathy (PML).

Immune suppression. [72-74, 76]

13 Tragedy of  Lo-
tronex (Alosetron 

hydrochloride)

9 February 
2000

November 
2000

0.8 years Lotronex Glaxo 
Smith 
Kline

Yes Diarrhea with 
Irritable bowel 
syndrome (IBS) 

in women.

Ischemic colitis.
Morbidity-70
Mortality- 3

Inadequate blood flow 
to the colon.

[76, 77][79, 
80]

14 Tragedy of  Ri-
monabant (Acom-

plia/ Zimulti)

June 2006 October
2008

2 years Rimona-
bant

Sanofi-
Aventis

No Treatment of  
obese patients.

Decreasing 
apetite.

Risk of  Psychiatric 
side effects, severe 

depression, sui-
cidal ideas, nausea, 

Vomiting.

Mortality–2 people 
died.

- [76, 83, 84]

15 Tragedy of  Baxtra
(Valdecoxib)

November
2001

2005 3. 3 years Valdecoxib Pfizer Yes Anti-inflam-
matory

Cardiac complica-
tions e.g. heart attack 

and stroke.

- [88, 89]

16 Tragedy of
Lumiracoxib

2005 December
2007

2 years Lumira-
coxib

Stellige 
Frexocel

Symptomatic 
treatment of  
osteoarthritis 
of  hip and 

knee.

Serious liver prob-
lems.

Elevated serum 
transaminase.

Detection of  auto 
antibodies

[76, 90, 91]

17 SCOUT Study 
(Sibutramine 

cardiovascular 
Outcome Trial)

(Reductil)

1997 9 October
2010

11 years Sibutramine
(Meridia,
Reductil)

Abott labo-
ratories

Yes Weight loss in 
obese patients 
and in over-

weight patients.

Serious complica-
tions like stroke , 

Heart attack.

Increased blood pres-
sure and tachycardia.

[92, 94]

18 Tragedy of  Zelmid 1981 March 83 2 years Zimelidine Astra AB Yes Antidepressant. Zimelidine syn-
drome,

Guillain-Barré 
syndrome.

Suicidal thoughts.

- [95-98]

19 Tragedy of  Tic-
rynafin

2 May 1979 1982 3 years Ticrynafin Smith Cline Yes Hypertension Hepatitis and 
Jaundice.

Drug induced liver cell 
antigens and auto-
antigens alteration 

followed by sensitiza-
tion.

[99, 100]

20 Tragedy of  Om-
niflox

(Temafloxacin)

30 January 
1992

3 June
1999

5 months Temafloxa-
cin

Abott labo-
ratories

Yes To treat lower 
respiratory 
infections,
genital ,

Urinary infec-
tions.

Temafloxacin 
syndrome

(Allergic reactions 
hemolytic anemia, 

liver and kidney de-
fects). Mortality=3

Immune complex 
formation leading to 
destruction of  red 

blood cells.

[101-104]

21 Tragedy of
Trasylol

(Aprotinin)

1993 2007 14 years Trasylol Bayer 
Pharma-
ceuticals

Yes To control 
bleeding during 
Heart surgery.

Myocardial infarc-
tion.

Kidney failure.
Cardiac failure.

Mortality more than 
22000.

Approval of  drug 
with unsafe preclinical 

studies.

[105-107, 
109, 110]

22 Clinical trial 
in Bhopal gas 

Tragedy.
(Unethical clinical 

trials)

2005 2008 3 years Tigecycline
(Antibiotic)

Wyeth - For the treat-
ment of  skin 

and soft tissue
infections, 

intra-abdominal 
infections,
hospital ac-

quired pneu-
monia,

heart attacks 
and unstable 

angina.

Severe adverse 
events.

Morbidity -279.
Mortality- 12

Post operative hemor-
rhage,

Ventricular fibrillation, 
pulmonary embolism.

[111-115]

23 Cytokine storm
/North wick
Clinical Trial

march
2006‘The Elephant 

Man Clinical 
Trial’/

First in Man Trial 
of  TGN 1412

March 2006 - - TGN1412
(MONO-
CLONAL 

ANTI-
BODY)/
(CD-28
Super 
MAB)

Boehring-er 
Ingelhe-im

B cell 
chronic lym-

phocytic
Leukemia 
(B-CLL).

Rheumatic 
Arthritis.

Immuno-
Modulators.

Erythemia vasodila-
tion,

hypotension,
loss of  conscious-
ness, renal failure,
lymphocytopenia

signs of  pulmonary 
deterioration,

lung injury
disseminated intra-

vascular coagulation,
monocytopenia,

Morbidity- 6 
Multi organ failure.

As a result of  sud-
den and rapid release 
of  proinflammatory 

cytokines
human subjects’ mem-

ory T-cells lost their 
sense of  direction and 
started migrating into 

unwanted areas of  
the body and induced 

damage.
Dissimilarity of  

preclinical and clinical 
results

[116-119]
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24 Clinical Trial at 
AIIMS New Delhi, 

India.

January 
2006

2008 2.5 year 1. Zinc 
tablets

2. olmesar-
tan

3. Valsartan
4. Rituxi-

mab.
5.Gene 

activated
human 

glycocerebr-
osidase

- Zinc defi-
ciency.

Blood pres-
sure related 

problem
Blood pres-

sure
 Chronic 
fetal en-

cephalitis.
For the 

treatment of  
Gaucher’s 
disease af-

fecting liver.

49 babies died.
Mortality 

rate was 1.18 
percent.

Unknown - [120, 121]

25 Bill gates polio 
vaccine program 

me

2011 - Oral polio 
vaccine

- Polio eradi-
cation.

- Non polio acute 
flaccid paralysis 
(NPAFP) more 

severe than polio 
infection.

Morbidity -47500.
Mortality-540.

Production of  virulent 
strains by polio 

vaccine.

[122]

Conclusion

Over the years Clinical Trials have improved significantly with 
the integration of  ethics, scientific reasoning, safety measures and 
drug efficacy. Now the clinical trials are quiet safe as compared to 
trials conducted earlier. This has imparted expansion of  new, safe 
therapeutic facilities. Dark phase of  clinical trials are first step to 
further new advances in research. The clinical practitioners have 
learned a lot from the history of  Clinical Trials. The tragedies 
in clinical trials have transformed the behavior of  trials. Fruition 
of  new landmarks in clinical researches have permitted better 
result i.e. rights, safety and well being of  human volunteers are 
protected. Clinical trials are the only pathway to establish safety, 
therapeutic action of  medicines which is not feasible without con-
ducting them. Since these are experiments and despite adequate 
measures tragedies do occur. Successful Clinical Trials provide 
benefits to millions after marketing of  investigational drugs.

As there is confirmation of  safety and effectiveness from preclini-
cal studies, trials are approved by regulatory authorities to proceed 
further. Trials are a foundation (key stone) for manufacture of  
novel medicines to cure illness. Trials are necessary for proving 
the effectiveness and safety of  innovated drugs and other process 
cannot replace trials for drug studies. Tragedies in trials had led 
to evolution and establishment of  various rules and regulations, 
amendments to the existing regulations.
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