
Pharmacogenomics: Gene maps 
could offer direction for treatment 
Clinical opportunities abound, but the learning curve is daunting

It may sound dramatic, but there are predictions that the emerging
science of pharmacogenomics will change the faces of medicine and
pharmacy in the coming millennium. 

Pharmacogenomics is sometimes described as personalized medi-
cine. It has grown out of ventures along the lines of the Human Genome
Project (see box, p. 99), the government-supported project to map the
entire genetic makeup of human beings. Genomic research already has
yielded a gold mine of information about the genetic components of dis-
ease. Researchers have begun to pinpoint the genetic flaws or miscues
that cause or contribute to a given disease. “Pharmacogenomics” is an
emerging field based on research involving genomic technologies and
drugs, specifically on how genetic differences between individual
patients might affect a drug’s effectiveness. There’s hope in the pharma-
ceutical industry that pharmacogenomics ultimately will be able to per-
sonalize — and thereby revolutionize — the diagnosis, treatment, and
prevention of disease. 

‘Gene chips’ that process data

Here’s how it might work: The patient is diagnosed with a virulent
form of breast cancer. Her tumor is biopsied, and her genetic profile is
fed into a computer. The variations and combinations are analyzed. Her
profile is compared with those of other patients who already have used
various medications. The doctor and the hospital pharmacist work
together to pinpoint which drugs may cause severe adverse reactions
and which are likely to be most effective on that particular tumor. They
use a patient’s genetic profile to process and analyze millions of genetic
sequences and defects, along with assays to help narrow the field of
treatments. Together, they come up with a regime that knocks the can-
cer into remission. 

Or, consider this scenario: A drop of the patient’s blood is analyzed,
and her genotype is found to be strongly correlated with high-risk fac-
tors for a virulent form of breast cancer. A similar procedure is followed,
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only this time the doctor and the hospital phar-
macist find the correct drug, and she never gets
the disease at all. 

Raymond J. Dingledine, PhD, chairman of
pharmacology at the Rollins Research Center at
Emory University, says, “You’ll go into the neu-
rology clinic suffering from headaches, and my
guess is that in, I don’t know how many years,
possibly five years, maybe 10 years, they’ll be
able to check off on your diagnostic sheet that
they’d like the neurology gene chip assay to be
run and that will return a list of genes that you
have that are risk factors for various neurological
disorders.”

Dingledine says he envisions a time when a
patient suffering from epilepsy, for example,
won’t have to go through a lengthy and poten-
tially uncomfortable trial and error procedure 
to determine which of two standard treatments
works better.

New technologies like the gene chip won’t be
the only things that bring about the revolution.
The American Society of Health-System
Pharmacists says other factors “include the fact
that detailed collection, annotation, and storage
of patient blood and tissue samples by medical
centers have only recently begun to offer data
sets useful for retrospective studies. Also, the
informatics expertise of health care companies
has now matured to the point researchers can
hope to manage and compare large volumes of
genetic and patient data.”

The revolutionary pharmacist

There’s general agreement pharmacogenomics
will have some impact on hospital and commu-
nity pharmacists, but no one knows what the
scope will be. Some suggest it will be profound,
but right now, most pharmacists are just trying to
get their arms around it.

Susan Winckler, director of policy and legisla-
tion at the American Pharmaceutical Association,
says there is likely to be a quick learning curve for
hospital and community pharmacists, but she isn’t

sure yet whether it will be a steep learning curve
as well. She does say the development of pharma-
cogenomics may force the issue of pharmacists
playing a bigger role in prescribing medications. 

“I’m not talking about a solo role. I’m talking
about physicians being more willing to work with
pharmacists as a team. We know that medicines
today are already complex and that pharmacists
sometimes have more knowledge about them than
physicians do. So this may mean both physicians
and pharmacists will have to think about pharma-
cists taking a more active role,” she says.

Winckler also points out that pharmacists
already have more computer skills than others in
the health care industry; she reports that 99% are
using computers for patient profile tracking and
agrees that these skills may prove even more
important if and when technologies such as gene
chip diagnostics become reality. 

The organization will begin looking at pharma-
cogenomics this fall as part of its internal policy
development process. Look for positions and rec-
ommendations in the year 2000.

Redefining the cutting edge

The revolution is already well under way at
major pharmaceutical companies. Firms like
SmithKline Beecham, Ely Lilly & Co., Wyeth
Ayerst Laboratories, Hoffmann-LaRoche,
Novartis Pharma, Hoechst Marion Roussel, and
Pfizer are among those hunting for therapeutic
targets. They are creating partnerships with spe-
cialized genomic technology companies, but they
also are developing the knowledge in-house. 

Genset SA, a French genomics firm, and
Abbott Laboratories announced their $42.5 mil-
lion working partnership in 1997. According to
an Abbott spokesperson, Genset will “develop a
proprietary high-density, bi-allelic marker map of
the human genome and will apply its technology
platform to identify markers and genes associ-
ated with response to a pharmaceutical com-
pound. Abbott will develop, produce, and market
diagnostic systems derived from these genes and
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markers to clinically test patient response to spe-
cific drugs.” This pairing was significant because
it was the first and because the chief genomics
officer at Genset, Daniel Cohen, MD, PhD, is
credited with having devised the first rough
physical map of the human genome in 1993. 

Among the other high-profile agreements are
these: Incyte and SmithKline Beecham, Affy-
metrix and Glaxo Wellcome, and OncorMed and
Onyx. These and other companies are pursuing
several different — and sometimes opposing —
strategies to build strength in the field, position-
ing themselves to take the lead in applying cut-
ting edge research in biology and genetics.
Partnerships with drug firms are only a part of
this picture, as are alliances with research orga-
nizations and managed care groups.

The American Journal of Health-System Pharmacy
explains that “by discovering genetic markers
that predict drug efficacy and adverse effects,

genomics companies think they can help lower
the cost and risk of clinical trials, redefine the
markets for approved compounds, revive dead
drugs, and help design more effective medica-
tions.” This belief seems to have some heavy
numbers behind it. The Journal of the American
Medical Association estimated that adverse drug
reactions accounted for more than 2 million hos-
pitalizations and more than 100,000 deaths in
1994.

Obstacles and caveats

Does it pay to individualize pharmaceuticals?
Will tailoring drugs to specific groups of people
fragment the market? Pharmaceutical compa-
nies are wrestling with these and other difficult
questions. Making drugs that aren’t meant to
work for everyone is a new way of doing busi-
ness. Some in the industry fear the expenses
involved if several drugs must be developed for
a disease. Critics say the pharmaceutical indus-
try should focus on making drugs that are safe
for everyone.

A leading voice of dissent regarding pharma-
cogenomics has been William Haseltine, chief
executive of the genomics research company
Human Genome Sciences. Earlier this year, he
told the American Society of Health-System
Pharmacists, “Pharmacogenomics . . . means
producing a drug that could either kill or
severely harm a substantial number of people.
And the only thing that stands between your
drug and that harm is a diagnostic test that has
to be interpreted correctly. I think pharmacoge-
nomics is a bad idea, a dangerous idea, and I
don’t think it will happen.” So far, though,
Hasletine’s seems to be a lone voice. 

There are other concerns, however. “It raises
ethical issues as to who has access to this infor-
mation,” says Dingledine. “Do you want your
insurance company knowing you’re at risk for
stroke, for example? I think that those kinds of
issues are broader than science and will have to
be handled by a national debate. Nonetheless,
gene chip diagnostics is going to come of age in
the next half-dozen years or so.”

[For additional information, contact Raymond
Dingledine, Rollins School of Public Health, Emory
University, Atlanta, GA. Telephone: (404) 727-5481.
Or call Susan Winckler, American Pharmaceutical
Association, Washington, DC. Telephone: (202) 
628-4410.]  ■
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The Human Genome Project
Effort will identify, map human genes

The Human Genome Project, begun in 1990, 
is an ongoing effort to decode and map the

60,000 to 100,000 genes that make up a human
being. It is sponsored by the U.S. Department of
Energy and the National Institutes of Health. The
project originally was slated to last 15 years, but
rapid technological advances have shaved that
estimate by two years. 

According to the Web site maintained by the
Human Genome Management Information
System at Oak Ridge National Laboratory
(www.ornl.gov/hgmis.home.html), the project
includes the following goals:

• Identify all the estimated genes in human
DNA.

• Determine the sequences of the 3 billion
chemical bases that make up human DNA.

• Store this information in databases.
• Develop tools for data analysis.
• Address the ethical, legal, and social issues

that may arise from the project.
The first working draft of this genetic map, or

human genome, is expected next February. It
reportedly will include 90% of the 3 billion human
DNA sequences. A finalized version is expected
in the year 2003. It is expected to have a vast
impact on science, culture, and ethics in the com-
ing millennium.  ■



ISMP issues error alert 
on new COX 2 inhibitor
Medications with similar names lead to errors 

Celebrex, Celexa, or Cerebyx? If the spelling 
or the pronunciation of these three very dif-

ferent drugs seems confusingly similar, you are
not alone. 

Concerning Celebrex (celecoxib), a COX 2
inhibitor by Searle/Pfizer that went on the market
earlier this year, the Institute for Safe Medication
Practices (ISMP) in Warminster, PA, received some
40 documented medication errors within the first
two months of its availability through its error
reporting system (1-800 23-ERROR). More than a
million prescriptions for the drug have been dis-
pensed, according to drug company literature.

Errors found in written, verbal orders

Most of the errors were simple misinterpreta-
tions of written orders, but they also included
some cases of confusion over verbal orders,
according to ISMP. No fatalities were reported
and most were caught in time, but on several
occasions, patients did receive the wrong drug.
In one case, an 80-year-old patient received 20
mg of Celexa twice a day for a month to treat
arthritis pain instead of the intended 100 mg of
Celebrex twice a day. No serious adverse reac-
tions occurred, but the patient’s condition went
untreated for that amount of time.

Celexa (citalopram hydrobromide) is a selec-
tive serotonin reuptake inhibitor antidepressant
marketed by Forest Pharmaceuticals. Cerebyx,
the generic name fosphenytoin, marketed by
Parke-Davis, is prescribed for seizures.

“Most errors so far have resulted from written
orders, but the potential for verbal errors is also
high, especially for practitioners with English as 
a second language and especially true for spo-
ken accents in which it is difficult to differentiate
between ‘l’ and ‘r’ sounds in the middle of
words,” explains ISMP spokeswoman Rebecca
Wilfinger.

Ironically, Celebrex manufacturer Searle origi-
nally planned to name the drug Celebra but
renamed the drug Celebrex to lessen confusion
with the other two. To avoid confusion, ISMP rec-
ommends that prescribers include the purpose of
the medication when ordering any of the three

drugs and that pharmacists seek indications
when not included. Prescribers should include
the less-similar generic names on the orders, and
alerts pertaining to the drugs should be added to
computer system alerts. 

[For more details, call ISMP at (215) 956-9181.]  ■

FDA mandates trials 
in off-label regulations
Action part of Modernization Act of 1997

Mandating clinical trials and scientific litera-
ture from drug makers who disseminate off-

label information about their products, the U.S.
Food and Drug Administration has finalized off-
label guidelines that were part of the Con-
gressional FDA Modernization Act passed two
years ago.

The act eliminated pharmacists from the
health care and government groups eligible to
receive the information. The FDA limited direct
dissemination to groups like physicians who
prescribe and pharmacy benefit managers and
group health plans that cover prescription
drugs. The regulations state that drug manufac-
turers can disseminate off-label information
electronically or on paper as long as they are
pursuing approval for the usage and are pursu-
ing clinical trials.

FDA has 60-day jump on reviews

If clinical studies have been completed, manu-
facturers must submit a new drug application
within six months of the dissemination of off-
label material. The FDA allows them 36 months if
trials are still being done.

The FDA requires an exact copy of the off-label
material and demands a 60-day waiting period
after the agency receives the material before any-
one else can get it. The information must report on
a clinical investigation of the off-label usage and
must be in the form of an unabridged reference
publication or unabridged reprint or copy of a
peer-reviewed article that can be found in Index
Medicus. Material funded by the drug maker is not
allowed, and disclosure of any financial interest by
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any author also must be made clear to the agency.
Letters to the editor, abstracts, and basic Phase I
reports without clinical observations or discussion
is not allowed.

Further, the materials must state that the infor-
mation concerns usage not approved by the FDA
and must include complete product labeling and
a bibliography. As with most FDA regulations, fil-
ing exemptions are included, as is the agency’s
authority to revoke off-label information under
an array of situations.

[For details, call the FDA’s division of drug market-
ing, advertising and communications at (301) 594-
6822 or visit its Web site at http://www.fda.gov.]  ■

HCFA reverses Medicaid
ruling on serostim
AIDS treatment now covered nationwide 

The Health Care Financing Administration
(HCFA) has ruled that the recombinant

human growth hormone serostim (Serano
Laboratories) must be covered by Medicaid for
the treatment of cachexia, the metabolic wasting
effect that strikes AIDS patients.

In 1997, the agency ruled in favor of a Texas
Medicaid decision not to cover the drug when
state officials argued that language in the Social
Security Act disallowing coverage of drugs used
for “cosmetic weight gain” applied to serostim
and its usage for AIDS patients.

After the ruling, Texas and national HIV and
AIDS support groups fought to reverse it by
using the clinical data on the drug’s ability to
fight the condition as evidence that serostim use
was anything but cosmetic. 

Cachexia causes tissue, organs, and muscles to
deteriorate as they are drafted into the body’s
fight for energy sources; the deterioration height-
ens the susceptibility of infection against an
already weakened immune system. Following the
HCFA interpretation, the U.S. Food and Drug
Administration, which granted serostim orphan
drug status in 1996, sent a letter to HCFA sup-
porting the clinical necessity of the drug while
commenting on the increased morbidity and
mortality associated with the condition.

Upon changing its ruling, HCFA stated, “In
light of further information provided by the FDA,
we have decided to change our policy with
respect to serostim.”

The drug is the first biotechnology therapy
approved for AIDS wasting effect.

“This is a major achievement,” says Terje
Anderson, executive director of the National
Association of People with AIDS (NAPWA). “We
are committed to making sure that every person
with AIDS has access to life-saving drugs.”

The organization says that serostim helps
patients recover “lean body muscle mass” instead
of simple fat. The drug is both an anabolic pro-
tein builder and an anticatabolic, or protein spar-
ing, agent. That means muscle mass is used
effectively in part because the drug causes the
body to use fat appropriately as an energy source.

NAPWA also says many patients on successful
protease inhibitor regimens do gain weight, but
the weight gain comes primarily from fat. The
organization says 15% to 20% of patients on a pro-
tease regimen who are gaining weight still should
be monitored for levels of lean muscle mass. The
Centers for Disease Control and Prevention
defines cachexia as an involuntary weight loss at
or greater than 10% of baseline weight. 

[For additional information, contact the Health Care
Financing Administration at (410) 966-3000, the
National Association of People with AIDS at (202) 898-
0414, or Serano Labs at (800) 283-8088.] ■

Will pharmacy regulations
be based on outcomes? 
NABP surveying state pharmacy boards 

Basing state pharmacy regulation on patient
outcomes instead of departmental systems

could be in the profession’s future, according 
to early results of a survey developed by the
National Association of Boards of Pharmacy
(NABP). To date, state pharmacy boards have
reacted positively to the notion, and the Florida
board has begun steps to institute an outcomes-
based set of standards.

Along with providing a more clinical and
patient-centered approach at a time when the
profession is seeking to be more clinically ori-
ented, an outcomes-based system could better
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identify exactly how pharmacist-run clinics suc-
ceed, which could expand those programs to
other disease states.

“We think it’s critical for the boards of phar-
macy to be involved in quality of care issues and
to look at patient outcomes,” says NABP execu-
tive director Carmen Catizone. How far individ-
ual state boards want to go will be shown when a
detailed survey by the national board task force is
compiled. The survey will ask boards for regula-
tion suggestions in areas such as the implementa-
tion of continuous quality improvement (CQI)
programs like those used by other outcomes-
based regulators in health care. The survey also
asks state boards to consider their role in enforc-
ing any new types of standards and to ensure
that the current oversight of pharmacy systems
won’t be completely lost in any changes.

If the survey ends in consensus for an out-
comes approach, NABP will incorporate recom-
mendations on how to approach one into its
Model Practice Act. Ultimately, however, only
individual state boards can adopt and enforce
changes. 

What are the benefits?

Right now, state board oversight is built
around department standards more than patient
outcomes. For example, standards concerning the
use of up-to-date dispensing systems, equipment,
technician job descriptions, or even filing systems
are stressed. An outcomes-based program could
use patient sampling to try to establish standards
for medication errors, compliance, or contraindi-
cation problems leading to hospitalization as an
outcomes-based criteria.

Another benefit of an outcomes-based program
is that clinical pharmacists, especially those who
directly handle drugs under a collaborative prac-
tice agreement, clearly would be under the regula-
tory authorization of a state pharmacy board in
times of litigation. Currently, pharmacists can be
scrutinized by medical boards because state phar-
macy boards don’t have clear authority to police
their own in cases of drug delivery.

Litigation or, more specifically, how to avoid
confidentiality problems in cases of litigation, has
delayed temporarily the implementation of an
outcomes-based approach by the Florida Board of
Pharmacy.

Deciding to change and then considering three
areas of outcomes — medication errors, peer-
review evaluation, or consumer surveys — the

Florida board will focus on medication errors and
convene a CQI committee. The committee would
be charged with reviewing dispensing errors and
drug interactions, among other factors, which it
would use to frame an outcomes-based program.

But a legal opinion that the committee’s patient
records would not be confidential or protected
from litigation without a specific act of the
Florida legislature has delayed the process while
continuing to add to its interest as a test case.

[For additional information, contact the NABP at
(847) 698-6227.]  ■

IVIG shortage continues 
CDC responds, emergency supply planned

Shortly after the Centers for Disease Control
and Prevention in Atlanta issued a statement

urging hospitals to review their use of intra-
venous immune globulin (IVIG) in the wake of a
national shortage dating to 1997, the six U.S.
manufacturers of IVIG have agreed to set aside
5,000 g monthly that can be tapped under emer-
gency conditions.

The CDC has recommended that “clinicians
review their IVIG use to ensure consistency with
current recommendations, and pharmacists
should facilitate appropriate use by assisting in
triage of available IVIG to high-priority patients.”

Last year, the IVIG supply was estimated at
about 30% below demand, based largely on a
review of manufacturing standards by the U.S.
Food and Drug Administration, which led the
agency to temporarily halt some production. That
crisis has ended, but health care officials now are
saying that while production is catching up, the
non-approved and ancillary uses of the product
have kept demand ahead of supply. The six U.S.
makers of IVIG are Alpha Therapeutic, the
American Red Cross, Baxter, Bayer, Centeon, and
Novartis.

The CDC estimates that 25,000 people in the
United States suffer from primary immunodefi-
ciencies that call for ongoing use of IVIG. The
emergency program is selling the product for $60
to $65 per gram.

[For additional information on IVIG guidelines and
emergency supply networks, call the CDC at (404)
639-3311.]  ■
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These drugs and/or new indications have received final
approval from the U.S. Food and Drug Administration:

✔ AIDS-related Kaposi’s sarcoma cutaneous lesion
treatment Panretin (alitretinoin 0.1%) by Ligand
Pharmaceuticals . Approval for topical gel, which
activates retinoid receptors to regulate gene expres-
sion of cell proliferation, follows clinical trials in which
35% of 268 patients experienced partial response in
12 weeks; results were matched in subsequent trials.
Average response time was four to eight weeks.
Redness, skin irritation, pruritus, edema were com-
mon reactions. Twice daily application is recom-
mended regimen; can be increased up to four times
daily if well-tolerated. Supplied in 60 g tubes. Contra-
indicated in patients requiring systemic Kaposi’s ther-
apy and for treatment of visceral lesions.

✔ Menopause treatment Cenestin A (synthetic con-
jugated estrogens) by Duramed Pharmaceuticals .
Chemically derived plant compound indicated for
treatment of moderate to severe vasomotor symp-
toms associated with menopause; is product of nine
estrogenic components. Approval follows 12-week
placebo-controlled, randomized trial of 120 patients
who experienced reduced symptoms, with majority
receiving 1.25 mg daily. Supplied in 0.625 mg and
0.9 mg tablets; the former is recommended initial
dose that can be increased to 1.25 mg.

✔ Expanded indication for the selective serotonin
reuptake inhibitor Paxil (paroxetine HC1) by
SmithKline Beecham . Approved for depression,
panic disorder, obsessive compulsive disorder, new
approval is first for social anxiety disorder, though
many diagnoses overlap. In placebo-controlled 12-
week trial at 20 mg to 50 mg daily, response rates
were 69% of Paxil group vs. 29% of placebo.
Common side effects: sweating, nausea, dry mouth,
constipation, decreased appetite, somnolence,
tremor, and decreased libido in men and women.

✔ Hepatitis C home testing kit Hepatitis C Check
by Home Access Health. Hepatitis C antibodies
test kit includes fingerstick lancet and contact paper
to be mailed to company for lab processing, evalua-
tion, response, counseling, or referrals. Approval

follows earlier marketing of similar HIV home testing
product. Details on telemedicine company and its
home care products can be found at
homeaccess.com or (888) 888-HEPC.

✔ Bronchospasm maintenance treatment Ipratro-
pium Bromide Inhalation Solution 0.02% by
Alpharma as the generic equivalent to Boeh-
ringer’s Ingleheim’s Atroventa . Specifically indi-
cated for bronchospasm associated with chronic
obstructive pulmonary disease including bronchitis
and emphysema and available in five 2.5 ml vials.  ■

The following drugs are still in clinical trials:

✔ Alzheimer’s therapy Exelon (rivastigmine tar-
trate) by Novartis. Company has received an
approval letter from FDA for capsule formulation indi-
cated for mild to moderate cases. Notification follows
six-month trial of more than 3,000 subjects showing
cognition improvement over placebo. Common side
effects included nausea, anorexia, dyspepsia, asthe-
nia. Final approval expected by year’s end.

✔ Type 2 diabetes treatment Avandia (rosiglita-
zone maleate by SmithKline Beecham. Recently
granted priority status, drug has received approval
from FDA’s Endocrinologic and Metabolic Drugs
Advisory Committee as monotherapy and in combi-
nation with metformin. Of the thiazolidinedione class
of drugs, oral therapy is aimed at disrupting insulin
resistance. Committee approval follows completion
of trials involving more than 5,000 patients resulting
in lowering of blood sugar levels by 58 mg/dl in
those taking a 4 mg daily dose, and by 76 mg/dl for
patients taking 8 mg daily. Trials included six- and
12-month regimens. Common side effects included
upper respiratory tract infections and headache.

✔ Stroke prevention therapy Aggrenox (dipyri-
damole 200 mg/aspirin 25 mg) by Boehringer
Ingelheim. Also previously granted priority review
status, the FDA’s Peripheral & Central Nervous
System Drugs Advisory Committee has unanimously
recommended approval for twice-daily dosed combi-
nation antiplatelet. Drug is indicated for recurrent
stroke prevention in patients who have had a 
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transient ischemic attack or ischemic stroke.
Approval follows completion of trials of more than
6,000 patients in which risk of stroke was reduced
by 37% vs. placebo and by 22% vs. aspirin
monotherapy. Common side effects from trials
included headache and gastrointestinal disorders.

✔ Monotherapy indication for Parkinson’s disease
treatment Permax (pergolide mesylate) by Eli
Lilly/Elan Pharmaceuticals. Already used as
adjunct to levodopa in advanced Parkinson’s treat-
ment, the dopamine agonist has shown tremor,
speech, and walking improvement using the Unified
Parkinson’s Disease Rating Scale in patients with
early stage disease who have been untreated.
Clinical trials submitted to American Academy of
Neurology of a double-blind, placebo-controlled, 
randomized study halving 206 patients showed
improved outcomes for all measures. Side effects
included anorexia, nausea, dizziness, and insomnia.

✔ Expanded labeling for rheumatoid arthritis 
(RA) relief treatment Enbrel (etanercept) by
Immunex/Wyeth Ayerst. Approved last November
for marketing as a relief treatment for moderate to
severely active RA, a supplemental biologics appli-
cation filed with FDA seeks labeling indication for
slowing of structural joint damage in patients with
active RA. Similar application has been filed for the
injectable drug as a treatment for polyarticular juve-
nile RA. The applications follow completion of
Phase III trials of 633 patients who were active
three years or less and were given 10 mg or 25 mg
doses for 12 months resulted in positive endpoints
via the Modified Sharp Scoring Method. Drug is a
biologic response modifer that works by binding
tumor necrosis factor to inactivity, which in turn
reduces inflammation. Drug is contraindicated in
patients with active infections.  

✔ Expanded indication for Thalomid (thalidomide)
by Celgene. Approved last year as treatment for
erythema nodosum leprosum caused by leprosy,
drug has been granted orphan status by FDA as
treatment for intestinal tract inflammatory disorder
Crohn’s disease while Phase II trials continue. Drug
works by suppressing overproduction of tumor
necrosis factor-alpha, but carries strict contraindica-
tions and safety procedures based on notoriety for
causing birth defects when used as a sleep agent
beginning in 1950s. Contraindicated for pregnant or
fertile patients. Adverse reactions also include
peripheral neuropathy, orthostatic hypotension,
neutropenia, and increased HIV viral load.  ■
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