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ssessing Long-Term Drug
afety: Lessons (Re) Learned from Raptiva

icole M. Seminara, BA*, and Joel M. Gelfand, MS, MSCE*,†

Efalizumab was approved for moderate to severe psoriasis in 2003 based on studies in
approximately 2700 patients, of whom only 218 were exposed to the drug for more than 1
year. In 2009, after more than 46,000 patients were exposed to efalizumab, the drug was
withdrawn from the market after 3 confirmed and 1 suspected case of progressive multi-
focal leukoencephalopathy (PML) were spontaneously reported. As PML is very rare, it is
extremely unlikely that the 4 reported cases were due to chance and given that PML occurs
primarily in patients who are immunosuppressed, the association is likely causal. The
identification of PML as a serious, but statistically rare risk of efalizumab demonstrates the
strengths and weaknesses of the current drug approval and pharmacovigilance processes
for fully measuring the safety of a drug. Patients and clinicians need to be aware of the
relative completeness and limitations of existing safety data of a drug when selecting a
treatment.
Semin Cutan Med Surg 29:16-19 © 2010 Elsevier Inc. All rights reserved.
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gressive multifocal leukoencephalopathy (PML)
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oderate to severe psoriasis is estimated to affect about 1
million people in the United States and is associated

ith serious impairments in health-related quality of life, a
igh prevalence of psoriatic arthritis, and excess risk of myo-
ardial infarction (MI), stroke, and mortality.1-8 Despite the
erious morbidity associated with this disease, systemic ther-
pies generally need to pass a high safety threshold to be
pproved for psoriasis. In 2003, efalizumab (Raptiva, Genen-
ech, Inc., San Francisco, CA) was approved by the Food and
rug Association (FDA) for treatment of moderate to severe
soriasis based on data from its use in approximately 2700
atients.9 At the time of approval the drug appeared to be
ery well tolerated and the primary safety concerns that were
pecifically identified included the risk of serious psoriasis
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are and the risk of thrombocytopenia, both of which were
hought to be uncommon.10 As efalizumab is immunosup-
ressive (it is a monoclonal antibody which binds to CD11a
locking T-cell activation and migration) there was theoret-

cal concern for malignancies and serious infection, however
he pre-approval clinical trials did not reveal a statistically
ignificant increase in these outcomes and atypical infections
ere not observed.10 On February 19, 2009, after approxi-
ately 46,000 patients were exposed to efalizumab, the drug
as withdrawn by regulators in the European Union and
anada when 3 confirmed cases of progressive multifocal

eukoencephalopathy (PML), and 1 additional suspected, but
ot confirmed, case were spontaneously reported in associa-
ion with efalizumab use.11,12 The drug was subsequently
oluntarily withdrawn from the US market by Genentech on
pril 8, 2009.13 In the aftermath of these events several ques-

ions stand out: First, “How is the safety of a drug assessed
fter it has been approved for marketing?” and second, “How
ould a drug with a life-threatening side effect make it
hrough the FDA approval process without any indication of
his toxicity?”

To address these questions it is critical to understand the
ethods of assessing drug safety throughout the lifecycle of a
rug. Initially, drugs are approved for marketing based on
ata from animal testing and 3 phases of clinical trials in

umans. Phase 2 and 3 randomized controlled trials (RCT’s)
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Assessing long-term drug safety 17
ypically involve 500-3000 patients, and although they are
he gold standard for assessing efficacy of a drug, they have
umerous limitations with respect to assessing safety.14 First,
CT’s usually last for a period of months, when in reality,
rugs are often intended to be used for years or even decades.
herefore, adverse events that require a long duration of ex-
osure (such as cancer, and certain types of infections) are
nlikely to be detected in the short-term trials that are used to
stablish efficacy. Second, RCT’s tend to involve highly selec-
ive patient populations; therefore, before approval the safety
rofile of a drug is generally not well understood in special
opulations, such as those with comorbidities, the elderly,
hildren, and pregnant women.15,16 Third, RCT’s occur in
elatively small patient populations as described previously.
s a result, these studies are generally only able to well define
dverse event rates that occur in about 1% of subjects per
ear; rarer events such as those that occur in 0.1% of subjects
er year are often not detected at all.15 Although rare side
ffects are unlikely to affect an individual patient and are
nlikely to be observed by an individual clinician (ie, a phy-
ician would need to treat 3000 patients with a drug to be
5% certain of observing a side effect that occurs in 1 and
000 people), they are of public health importance given that
rugs are used in very large populations of patients. For
xample, in 2004 alone US patients received 3.1 billion pre-
criptions.17

The drug approval process therefore represents a tradeoff
etween minimizing delays in access to new medications and
ur ability to fully define the safety of medications before
idespread use. It is critical to recognize when a drug is

pproved, we only have initial information on safety. In par-
icular, serious side effects that are delayed, rare, or more
ikely to occur in subpopulations (such as the elderly) are
nlikely to be detected before approval. For example, the link
etween psoralen–ultraviolet A and squamous cell carci-
oma was only well established after 6 years of follow up time

n a cohort study following 1380 patients.18 Furthermore, the
otential link between psoralen–ultraviolet A and melanoma
as not observed until the cohort had been followed for

pproximately 20 years; a finding which still remains contro-
ersial, with most studies not finding an association.19,20

oreover, the definitive proof that cyclo-oxygenase-2 inhib-
tors increased the incidence of a relatively common event
which is still statistically rare), such as MI’s, required a large
andomized controlled clinical trial that followed up 2500
eople for a period of 18 months.21

Due to limitations in the ability of the drug-approval pro-
ess to detect events which are rare, delayed, or occur in
ubpopulations, the detection of new safety issues is expected
fter a drug has been approved. In fact, it is estimated that
1% of approved drugs have serious adverse effects not de-
ected before approval and about 7.5% of drugs receive a
lack box warning after approval.22 Furthermore, during the

ast 4 decades, more than 130 drugs have been withdrawn
rom the market due to safety concerns.15 Many of these
rugs had been used by hundreds of thousands of people
efore their withdrawal. Examples particularly relevant to

ermatologists include astemizole and terfenadine (antihis- s
amines that caused deaths from torsades de pointes), valde-
oxib (cardiovascular risk plus the added risk of severe skin
eactions), and, most recently, efalizumab.

To address the gaps in safety information that exist at the
ime of drug approval, pharmacovigilance, which is defined
y the World Health Organization as the activities involved

n the detection, assessment, understanding, and prevention
f adverse effects or any other drug-related problems, is a
ritical aspect of assessing the risk-to-benefit ratio of thera-
ies.23 The science of pharmacovigilance is pharmacoepide-
iology.14 Pharmacoepidemiological designs used to in-

estigate safety include hypothesis-generating descriptive
tudies, such as case reports, case series, and secular trend
nalyses, as well as hypothesis-testing analytical studies, such
s case-control, cohort, and clinical trials. Most pharmaco-
igilance is done via spontaneous case reports submitted to
he FDA (via the Medwatch program and/or the pharmaceu-
ical companies).15 The FDA receives over 370,000 case re-
orts of suspected adverse drug reactions annually.17 Impor-
ant advantages of spontaneous reporting include that the
rocess is relatively inexpensive, and can potentially capture
ata from all prescribers, drugs, patients, and dispensers.
ase reports are especially useful for detecting very novel or
xtremely rare side effects that are generally discovered only
fter the drug has been used in tens of thousands of patients.
or example, case reports and case series were instrumental

n linking nephrogenic systemic fibrosis with gadolinium ex-
osure, and linking toxic epidermal necrolysis with a variety
f medications.24,25

The disadvantages of spontaneous reporting include the
acts that adverse events are severely under-reported (only an
stimated 5% of serious adverse events are reported26), the
ncidence (ie, risk) of a safety events cannot be reliably deter-

ined, a chance association is difficult to rule out, it is diffi-
ult to establish a causal relationship, and that the informa-
ion may be biased because reporting is more likely to occur
ithin the first 2 years of drug approval or if there is media

ttention to a particular safety issue. Therefore, case reports
re best suited for signal detection to generate a hypothesis
hat can be further tested with analytical studies. Despite
oncerns over the scientific validity of spontaneous reports,
hey drive most postapproval safety label changes. To com-
ound this problem, signals from case reports are not sys-
ematically tested or included in prescribing information and
ublished case reports are rarely confirmed with controlled
ie, analytical) studies.27,28

To address the limitations of the spontaneous reporting
ystem, the FDA has increasingly required that companies
onduct additional longitudinal studies after drug approval
o investigate safety signals identified in the preapproval pro-
ess. Unfortunately, these postapproval studies are often not
ompleted. In 2004, the FDA reported that only about 30%
f the 1300 postapproval studies requested had even been
tarted and only about 15% had been completed.29 In 2007,
s a response to the public health crisis associated with cyclo-
xygenase-2 inhibitors, Congress passed the FDA Adminis-
ration Amendments Act, which dedicated $225 million to

tudying drug safety and granted the FDA 2 important new
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18 N.M. Seminara and J.M. Gelfand
owers: the authority to change a drug’s label after approval
ithout negotiating with the drug’s manufacturer and the

bility to institute civil penalties (eg, fines) when postmarket-
ng studies are not completed.30

Genentech itself agreed to complete 10 postmarketing
afety studies for efalizumab, one of which was a cohort study
ollowing up 5000 patients treated with efalizumab for 5
ears.31 Unfortunately, this study achieved less than 30% of
ts anticipated enrolment, and lacked a control group, se-
erely limiting its value as a tool for detecting and interpret-
ng safety signals.31 Prior to approval, efalizumab was studied
n four phase 3 randomized, double-blind, placebo-con-
rolled trials involving 1928 adults with moderate to severe
laque psoriasis.10 Patients were followed up for 12 weeks
ith an additional ongoing open-label study for 3 years.
falizumab was generally well tolerated. In the first 12 weeks,
erious infections occurred in 0.4% of efalizumab patients
nd 0.1% of placebo patients.10 No cases of PML or infections
redominantly associated with immunosuppression were
ecognized, and there were no deaths.10,32 At the 24-week
ark there was a decline in the rate of reported adverse

vents with no signs of cumulative toxicity.33 With the belief
hat the risk-to-benefit ratio was acceptable, efalizumab was
pproved in 2003 as a once weekly injection for those with
oderate to severe plaque psoriasis who were candidates for

ystemic treatment or phototherapy. At the time of approval,
764 people had been exposed to the drug in some capacity,
ut only 218 subjects had been on treatment for more than a
ear.9 Given the immunosuppressive nature of efalizumab,
nd its first in class mechanism of action, identifying safety
ignals related to infection and malignancy were of special
oncern.

By 2008, more than 46,000 patients had been exposed to
he drug and approximately 3000 patients had taken it for 2
ears or longer.34 With the drug in widespread use, 3 con-
rmed cases of PML (and 1 highly suggestive case) were
eported, beginning in 2008. PML is an extremely rare (esti-
ated to occur at a rate of 0.15 cases per million patient years

n people without human immunodeficiency virus35) demy-
linating disorder caused by reactivation of latent JC virus
hat occurs almost exclusively in patients who are immuno-
uppressed, such as patients with acquired immunodefi-
iency syndrome, hematologic malignancies, and patients re-
eiving intensive immunosuppressive therapy.36,37 Patients
an present with cognitive impairment, motor dysfunction,
nd visual deficits.36 The disease is nearly always fatal within
eeks to months of diagnosis, and there are no effective

reatments.36,37 The 4 patients who developed PML (one of
hom remains unconfirmed) ranged inage from47 to73.9 None
f the patients were taking any additional immunosuppres-
ive agents, and none were known to have any immunosup-
ressive conditions. All had been taking efalizumab contin-
ously for at least 3 years.9 Based on spontaneous reports, the

ncidence of PML in patients treated with efalizumab is esti-
ated to be 1 case per 15,000 person-years.31 The true inci-
ence is likely higher as additional cases may have gone
nrecognized due to the nonspecific symptoms of this dis-

ase and the well-known phenomenon of under-reporting.
urthermore, the risk appears to be significantly higher with
rolonged exposure to efalizumab. Although case reports
ave many limitations as described earlier, in this instance
hey have proved to be a very important method of identify-
ng a safety signal that is likely causal (ie, it does not require
onfirmation with analytical studies) for 2 reasons: First,
ML is very rare and the probability that these 4 cases oc-
urred by chance is estimated to be less than 0.0001%; and
econd, PML occurs almost exclusively in patients who are
mmunosuppressed and in the 4 reported cases associated
ith efalizumab there were no other factors identified that

ould cause immunosuppression.
In 2009, 2 months after the FDA issued a public health

dvisory concerning the 4 cases of PML, Genentech began a
hased voluntary withdrawal of the drug from the US market
nd it was no longer available by June of 2009.13 Natali-
umab, an immune-modulating agent that also affects T-cell
igration and is used for multiple sclerosis and Crohn’s dis-

ase, was also voluntarily removed from the market under the
loud of being found to cause PML.38 The risk of PML in
atients taking natalizumab is about 1 in 1000 patients
reated over 18 months; however, the risk increases with
dditional time on treatment.39 Natalizumab was later
rought back to the market under a highly restrictive risk
anagement program. Although there are an expanding
umber of treatment options for patients with moderate to
evere psoriasis, there may still be a subgroup of patients in
hom the small risk of PML is outweighed by the benefits of

falizumab, such as those with disabling disease who have
ailed or are intolerant of other therapies. According to a
enior manager at Genentech, the company is currently un-
ergoing discussions with the FDA to potentially establish
onditions under which reintroduction may be possible.40

isk mitigation strategies could include limiting exposure
ime, implementing a safety monitoring program, and only
sing the drug in refractory cases.
This important example of how pharmacovigilance was

sed to detect of the risk of PML among efalizumab-treated
atients highlights the strengths and weaknesses of the cur-
ent process for studying drug safety. Before approval, only
18 patients had been treated with the drug for more than 1
ear. Given that the risk of PML in efalizumab patients is
tatistically rare and appears to increase with more prolonged
rug exposure, the preapproval process was inherently un-
ble to identify this hazard. Ultimately, identifying the risk of
ML through postmarketing spontaneous reports represents
success in the current process of evaluating drug safety.
evertheless, despite advances in the efficacy and tolerability
f moderate to severe psoriasis treatments, robust long-term
ppropriately powered and controlled studies will be neces-
ary to fully understand their long-term safety profile. Until
e have this information, patients and clinicians need to be

ware of the gaps that exist in safety data when evaluating the
isk-to-benefit ratio of systemic therapies.41
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