
The future is here as genetically 
engineered drugs enter the hospital

In one vision of the future of drugs and genetic engineering, an
elderly patient won’t have to give up a meal in order to take medi-
cation because the meal will be the medication. That may sound far-

fetched to some — a recent caller to a National Public Radio program
dubbed it “Frankenfood” — but researchers say compounding the
drugs for this new science will soon become an everyday experience 
in hospitals.

“Pharmacists will need to know the pharmacodynamics and pharma-
cokinetics of the new drugs,” Robert Piepho, PhD, dean of the school of
pharmacy at the University of Missouri-Kansas City, tells Drug Utilization
Review. 

In one new approach, plants are being studied for possible use as 
a drug delivery system. Researchers are studying the raising of corn
whose kernels would produce and house drugs. “The genetic makeup
of the corn is modified,” says Piepho. “The kernel is planted, the plant
grows, and you get drug produced as part of the plant. The drug is
there, and it’s in stable form.”

From there, the corn can be used for making cornmeal and other
forms of food intended, basically, for dosing of drug. “Some people are
asking if we’ll even need drugs 30 years down the road in the way we
think of them today,” Piepho says. “It may be that we’ll have dietary
packages to match to each person. Using plants as machines could
cause a big change in the way we view medicine.”

As research into new technologies continues to flourish, hospital
pharmacists soon will find themselves having to understand the newly
unfolding science of genetic engineering and the way it will affect their
business.

“All the information will be new,” he explains. “Receptor variations
will be identified in patients so that metabolism and isoenzymes can 
be matched perfectly to patients. We’ll list isoenzyme variations down
one side of the paper and drug classes down the other side, then match
one to the next. Each drug we’ll be able to use in some people but not
in others. For example, there are probably many people out there who
can safely use terfenadine without a problem. They would have no
metabolic issue with ketoconazole. Never a blip in QTc. But we don’t
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know who those people are. Down the road, we
will know who they are.”

Roger Dabbah, PhD, associate director of 
the division of biologics and biotechnology at
United States Pharmacopeia in Rockville, MD,
and co-author of a general information chapter
of the Pharmacopeial Forum on cell and gene ther-
apy products,1 says hospital pharmacists in par-
ticular will be affected by the new gene therapy
products. “Pharmacists will be part of the team
to compound the new drugs,” he tells DUR.
“The products naturally have a very short half-
life, and many have to have the final preparation
performed at the patient’s bedside or in the
pharmacy.”

Repairing clinical damage

New discoveries have enabled medical scien-
tists to identify specific genes whose presence,
absence, or alteration can trigger specific dis-
eases. With that information comes the power of
gene manipulation and the knowledge of how
and where to retrieve a new gene to repair clini-
cal damage. Two new categories of products that
resulted from this newfound knowledge are cell
therapy and gene therapy products.

“Cell therapy products contain living cells as
one of their active ingredients,” Dabbah writes,
“while gene therapy products contain pieces of
nucleic acid, usually deoxyribonucleic acid [DNA]
as one of their active ingredients. Some products
combine both categories, resulting in a therapy
that uses cells that express a new gene product.”

Certain cell therapy products already are com-
monplace. These products involve live cells that
“replace, augment, or modify the function of
patients’ cells that are diseased, dysfunctional, or
missing,” Dabbah writes. Bone marrow for trans-
plantation, a well-known example of cell therapy,
comes from three sources: autologous, meaning
the cells come from the patient; allogeneic, mean-
ing the cells come from a donor human; and xeno-
geneic, meaning the cell source is an animal. 

Each source has positive and negative compo-
nents. Autologous products are not rejected by
the patient because they originate in the patient.

However, if the original problem is the absence
of or damage to the gene, autologous therapy
often is not an option. Allogeneic therapy does
not cause as strong a reaction as xenogeneic
therapy can, but xenogeneic therapy is an option
when human cells are either unavailable or are
in short supply.

“Cell therapy products are sometimes encapsu-
lated in a device that prevents the patient’s cells
and antibodies from killing the xenogeneic cells,”
Dabbah writes. “Much research is focused on
identifying and propagating stem cells, regardless
of the source, because stem cells can be manipu-
lated to differentiate either during manufacturing
or after administration.”

Already, parents are adding one more child 
to their families in order to harvest stem cells or
bone marrow from the new family member to
donate to an older sibling with a life-threatening
disease, according to a story in the Oct. 5 Financial
Times. One family has become the first to pre-
screen a new sibling prior to implantation for in
vitro fertilization, ensuring a biological match for
transplant of stem cells, the story reports. 

Gene therapy products can be classified by
their delivery system. Some use viral vectors as
their mode of transportation and transduction
into cells. Some nucleic acids are in a simple (or
naked) formulation, while other nucleic acids
are formulated into delivery systems such as
liposomes.

Cell and gene therapy products face unique
manufacturing challenges, including scalability,
yield, cost, and stability, but the same principles
and good manufacturing practices that apply to
pharmaceutical and biological products also
apply to cell and gene therapy production.

“Pharmacists must have an understanding of
what they’re doing with these new technologies,”
Dabbah says. “They must do analytical work, as
some gene therapy products can change their
entire character within an hour’s time.”

In his chapter, Dabbah states that the ideal
gene therapy vector is described as “one capable
of efficient transduction, targeted delivery, and
controlled gene expression. The level, timing, and
duration of gene expression required will depend
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on the clinical indication.” Further, “vectors are
designed and selected for disease states on the
basis of the following criteria:

• “capacity to accommodate the DNA for the
therapeutic gene and its transcription cassette;

• “host-vector interactions, both cellular and
humoral; 

• “capacity to target intended cells; 
• “control of therapeutic gene expression;
• “vector replication status;
• “capacity for integration into chromosomes

of target cells (p43).”
Biotechnology is changing the way drug dis-

covery and development are performed and the
way drugs are delivered. “Final formulations for
vector products are still in early development,”
writes Dabbah. “Aseptic filling of large numbers
of vials by using classical manufacturing pro-
cesses may be problematic because viral vectors
are thermally sensitive, and storage at ultra-low
temperatures is often required. Progress is being
made in vector lyophilization and in the use of
stabilizers for liquid formulations.”

Final product modifications and preparative
steps often are required prior to administration
of cell or gene therapy products to patients.
Because they are usually done close to the time
of administration, they are performed under con-
ditions not within control of the original manu-
facturer. Modifications can include thawing,
washing, filtering, transfer to an infusible solu-
tion, or compounding.

Right drug, right patient

Before administration to the patient, cell or
gene therapy products often require one or more
manipulations that pharmacists may perform. 
As Dabbah writes, those may include:

• “change in final container;
• “change in physical state or temperature

(e.g., thawing, warming);
• “change in solution or suspension;
• “addition to biocompatible material;
• “admixture or compounding with other non-

structural materials;
• “filtration or washing;
• “sampling.”
Dabbah writes that such products undergoing

on-site preparations and manipulations must be
properly checked or tested to “ensure that all
quality specifications are met prior to release for
patient administration.” Those requirements,
before patient administration, include:

• physical inspection of the product such as for
proper color and absence of particulate matter;

• review of process records to ensure com-
pleteness and accuracy;

• clerical checking for those patient-specific
products to be sure product labeling and records
line up with the identity of the intended recipient.

Never before has it been as important as it
will be with cell and gene therapy products to
get the right drug to the right patient. Many of
those products are patient-specific to the point
of being autologous or selected allogeneic treat-
ments. Therapeutic products given to the wrong
patient could initiate an immune response that
would endanger the patient.

“Systems must be in place to prevent adminis-
tration of such a product to the wrong patient,”
writes Dabbah. “Recommended systems include
procedures similar to those used for administra-
tion of human blood products, with special atten-
tion given to the correct identification of the
patient and patient-specific product by at least
two people immediately prior to administration.

“In addition,” writes Dabbah, “patient consid-
erations, such as the need to dose the product
according to patient weight or blood volume,
may influence these steps. All product modifica-
tions performed between the time of initial prod-
uct manufacture and final administration to the
patient should be viewed as a part of the overall
manufacturing process. The practical implica-
tions of this concept are that the process controls
must be established for all product storage inter-
vals, transport steps, and modifications, starting
with clear definition of critical control points.
Operational requirements for performing any 
of these steps after initial product manufacture
include defined physical space with appropriate
environmental controls, trained personnel,
detailed standard operating procedures, and a
comprehensive quality program.” 

Then there must be close patient follow-up,
Dabbah says. Immune-mediated responses can
occur with these products, especially allogeneic
and xenogeneic products. The same patient 
monitoring, follow-up, care to avoid medication
errors, and reporting of any medication errors
and/or adverse events that occur are important
to implement when dispensing cell and gene
therapy products. Written policies and proce-
dures for monitoring patient outcomes and man-
aging reports of adverse events and medication
errors should be in place and implemented as
needed. 

November 2000 / DRUG UTILIZATION REVIEW ™ 83



Regarding changes to pharmacy school cur-
riculum and training of students for all of the
new technologies, drug development, and drug
delivery systems, Piepho says, “We teach stu-
dents the fundamentals now, but we need to put
this information in the context of the genomic
drugs. We need to teach more pharmacogenomics
in general.”

Reference

1. Dabbah R. Cell and gene therapy products. Pharma-
copeial Forum 2000; 26:1-110.  ■

When asked about RU486,
keep these notes handy
Pharmacists should know the basics

Now that the Food and Drug Administration
has approved mifepristone (RU486, or Mife-

prex) for the termination of early pregnancy, phar-
macists should expect questions from colleagues
and patients alike. While pharmacists will not 
dispense the drug — it will be available only to
physicians who meet specific criteria and establish
an account with the manufacturer, Danco Labora-
tories in New York City — they should be pre-
pared to answer those questions.

Keep in mind that the mifepristone package
insert calls for the use of misoprostol (Cytotec) 
in women whose pregnancies continue two days
after taking mifepristone, but misoprostol’s
manufacturer, G.D. Searle & Co. in Skokie, IL,
“promotes the use of Cytotec only for its
approved indication,” according to an August
letter from Searle to health care providers. The
letter states that the approved indication is “for
the prevention of NSAID (nonsteroidal anti-
inflammatory drugs, including aspirin)-induced

gastric ulcers in patients at high risk of compli-
cations from gastric ulcer, e.g., the elderly and
patients with concomitant debilitating disease,
as well as patients at high risk of developing
gastric ulceration, such as patients with a his-
tory of ulcer.” (See Drug Utilization Review,
October 2000, p. 79, for details or visit the Web
at www.fda.gov/medwatch/safety2000/cytote.
htm.)

The American College of Obstetricians and
Gynecologists (ACOG) stands by the use of
misoprostol for purposes other than the treat-
ment of gastric ulcer. In an Oct. 11 letter to Rep.
Tom Coburn (R-OK) and Sen. Tim Hutchinson
(R-AZ), co-sponsors of a bill that would restrict
the use of RU486 and misoprostol in combina-
tion, ACOG reiterated its strong belief in the
safety and efficacy of the drug combination.
(Visit ACOG’s Web site for a copy of the 
letter, www.acog.org.) 

“Misoprostol has many uses of importance to
women,” the letter stated, citing the drug’s long-
standing use to induce labor and its use with
mifepristone for the termination of very early
pregnancies. “Without misoprostol, mifepristone
cannot be employed for this purpose in the U.S.
regardless of its recent approval by the FDA,” 
the letter stated.

DUR will provide updates on the controversy
in future issues. For now, here are some basic
facts pharmacists can use to answer questions
about RU486:

Pharmacology:
Mifepristone is a synthetic steroid that inhibits

the activity of endogenous or exogenous proges-
terone at progesterone receptor sites. Doses of 1
mg/kg or greater antagonize the endometrial and
myometrial effects of progesterone in women.
During pregnancy, mifepristone sensitizes the
myometrium to the contraction-inducing activity
of prostaglandins.

Procedure:
Prior to initiating the drug regimen, the patient

must read the medication guide and then sign the
patient agreement, which states, among other
things, that she believes she is no more than 49
days, or seven weeks, pregnant, counting from
the beginning of the last menstrual period. The
pregnancy is then terminated with the use of
mifepristone in the following manner, according
to the mifepristone package insert:

• Day 1 — Patient takes three mifepristone 200
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mg tablets (600 mg total) as a single oral dose in
health care provider’s office.

• Day 3 — Patient returns to provider’s office to
learn if the pregnancy has ended. If she is still
pregnant, she takes two misoprostol 200 mcg
tablets (400 mcg total) orally in provider’s office.

• Day 14 — Patient returns to provider’s office
to confirm by clinical examination or ultrasonog-
raphy that the pregnancy has been terminated.

Patients should expect vaginal bleeding for
nine to 16 days. Up to 8% of patients may expe-
rience bleeding for 30 days or more. However,
neither bleeding alone nor as accompanied by
cramping is necessarily evidence that the preg-
nancy has been terminated. Lack of bleeding
after treatment typically indicates drug failure.
Patients who have an ongoing pregnancy at day
14 run the risk of fetal malformation. According
to the drug labeling, medical abortion failures
should be managed with surgical termination. 

Side effects:
Mifepristone use will cause vaginal bleeding

and cramping. In some patients, bleeding may 
be heavy and may require surgery. Other possible
side effects include diarrhea, nausea, vomiting,
headache, dizziness, back pain, fatigue, fever,
viral infection, vaginitis, rigors, dyspepsia,
insomnia, asthenia, leg pain, anxiety, anemia,
leukorrhea, sinusitis, and syncope.

FDA restrictions:
The FDA has restricted the use of mifepristone,

stating that it must be provided by or under the
supervision of a physician who meets the follow-
ing qualifications:

• has the ability to assess the duration 
of pregnancy accurately;

• has the ability to diagnose ectopic 
pregnancies;

• has the ability to provide surgical interven-
tion in cases of incomplete abortion or severe
bleeding, or has made plans to provide such 
care through other qualified physicians, and is
able to assure patient access to medical facilities
equipped to provide blood transfusions and
resuscitation, if necessary;

• has read and understood the prescribing
information for mifepristone;

• provides each patient with a medication
guide, fully explains the procedure to each patient,
provides her with a copy of the patient agreement,
gives her an opportunity to read and discuss both
documents, obtains her signature on the patient

agreement, and signs the agreement as well;
• notifies the sponsor or its designate (Danco

Laboratories) in writing — as discussed in the
package insert under the heading “Dosage and
Administration” — in the event of an ongoing
pregnancy that is not terminated subsequent to
the conclusion of the treatment procedure;

• reports any hospitalization, transfusion, 
or other serious events to the sponsor or its 
designate;

• records the mifepristone package serial num-
ber in each patient’s record.

Providers must sign and submit to the distribu-
tor a prescriber’s agreement prior to receiving
mifepristone. By doing so, providers indicate that
they meet the criteria and will follow the dictated
guidelines.

The FDA also requires that a cohort-based
study of safety outcomes be performed, compar-
ing patients having medical abortion under the
care of physicians who have surgical intervention
skills with patients whose physicians refer them
for surgical intervention. An audit of signed
patient agreement forms also will be incorpo-
rated, along with a surveillance study on out-
comes of ongoing pregnancies.

The final printed labeling the FDA requires 
for mifepristone includes more documents than
does labeling for most prescription medications,
including the package insert, a medication guide,
a patient agreement form, and a prescriber’s
agreement form.  ■
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For more details

For immediate consultation with an expert in
mifepristone, you may call Danco Laboratories

at (877) 432-7596. Information also is available at
the manufacturer’s Web site: www.earlyoptionpill.
com. In addition, the FDA mifepristone page at
www.fda.gov/cder/drug/infopage/mifepristone/
default.htm includes links to:

• FDA press release on mifepristone approval;
• Mifepristone approval letter;
• Mifepristone MedGuide;
• Questions and answers about mifepristone;
• Patient agreement form;
• Prescriber’s agreement form;
• Mifepristone review;
• Office memo to Population Council;
• Federal Register Final Rule, Restrictions 

on Use After Marketing.  ■



Manufacturer suggests 
a backup contraceptive
Pharmacists can recommend options

Wyeth-Ayerst Laboratories in Philadelphia
recommends other methods of contracep-

tion for women using certain lots of its Norplant
System (levonorgestrel implants).

The lots have low levonorgestrel-release rates,
the company says. The manufacturer says it can-
not assure the contraceptive efficacy of Norplant
Systems from certain lots, including 3990729,
3990775, 3990776, 3993006, 3003127, 3003166, and
3003355. These lots were distributed Oct. 20, 1999,
and bear expiration dates of 2004. Women who
had the system implanted prior to Oct. 20, 1999,
are not affected. Pharmacists can take the follow-
ing measures to help patients:

• Direct women who began using Norplant on
or after Oct. 20, 1999, to contact their health care
provider to see if their Norplant System is from
one of the affected lots.

• Patients who are affected should be counseled
to use backup contraceptive methods, including
barrier or other nonhormonal methods such as
condoms, spermicide, a diaphragm, or IUD. 

• Direct any questions you or your patients
may have to the Norplant System information
line at (800) 364-9809.  ■

Labeling changes 
made for zafirlukast 
Liver dysfunction tops the list

AstraZeneca in London has made a few
changes in its post-marketing reports for zafir-

lukast (Accolate), a leukotriene receptor antagonist
indicated for the prophylaxis and chronic treat-
ment of asthma in adults and children 7 and older.

Based on reports of liver dysfunction associ-
ated with use of zafirlukast, AstraZeneca has
made changes to the precautions section of drug
labeling to include more specific recommenda-
tions for patient management, including:

• If liver dysfunction is suspected based upon
clinical signs or symptoms, zafirlukast should be
discontinued. Liver function tests (LFTs), ALT in
particular, should be measured immediately and

the patients should be managed accordingly.
• If LFTs are consistent with hepatic dysfunc-

tion, zafirlukast therapy should not be resumed.
• Patients in whom zafirlukast was withdrawn

because of hepatic dysfunction, where no other
attributable course is identified, should not be re-
exposed to zafirlukast.

• Hepatic events have occurred predominantly
in women.

Labeling also now reflects an increase in fre-
quency of infections in zafirlukast-treated elderly
patients compared with placebo-treated elderly
patients. In addition, in an open-label, uncon-
trolled four-week trial of 3,759 asthma patients,
elderly patients showed less improvement in effi-
cacy measures and reported the lowest percentage
of infection of all three age groups in the study.

The adverse reactions section of the labeling
has been revised to include reports of arthralgia
and myalgia associated with use of zafirlukast.
Adverse events associated with zafirlukast can be
directed to AstraZeneca at (302) 886-8000 or the
Food and Drug Administration by phone at (800)
FDA-1088 or fax at (800) FDA-0178.  ■

Two herbal therapies 
get a second chance
Would you give arsenic to someone you love?

Medicinal preparations containing arsenic
have been in medical use for more than

2,000 years. One hundred years ago, arsenic-
based therapies were used in the United States
and Europe for leukemia therapy and for infec-
tions, but they were later replaced by modern
chemotherapy and antibiotics. 

Recently, however, interest in arsenic-based
therapy was revived by reports of anti-leukemic
activity of some traditional Chinese prepara-
tions upon discovering that the active ingredient
was arsenic trioxide. 

The Food and Drug Administration has granted
approval for arsenic trioxide (Trisenox) for patients
with acute promyelocytic leukemia (APL) to be
marketed by Cell Therapeutics (see New FDA
Approvals, p. 87). Development of Trisenox
moved quickly with FDA approval forthcoming
only three years after commencement of clinical
trials. During clinical study, 70% of patients had
remission of their leukemia and met the study-
defined criteria for “response.” The median time
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to remission was 51 days. Arsenic trioxide con-
verts immature cancerous white blood cells into
normal white blood cells in a manner similar to
that of all trans-retinoic acid. (For more details,
see the FDA Talk Paper at www.fda.gov/bbs/
topics/ANSWERS/ANS01040.html.)

St. John’s Wort, ever popular in the press,
appears again, this time in the British Medical
Journal, which states that the supplement should
be considered for first-line therapy in patients with
mild to moderate depression.1 The article is based
on a study in Germany involving more than 300
patients with depression. 

Patients were randomized to receive St. John’s
Wort extract or imipramine. Results show that 
the two therapies are therapeutically equivalent.
Additionally, a smaller percentage of patients
receiving St. John’s Wort experienced adverse
events than did those receiving imipramine. 

Reference

1. Woelk H. Comparison of St John’s wort and imipra-
mine for treating depression: Randomised controlled trial.
BMJ 2000; 321:536-539.  ■

These drugs have received final approval from the
Food and Drug Administration:

✔ Antibiotic levofloxacin (Levaquin) by Ortho-McNeil
Pharmaceutical Inc. New indication for levofloxacin
tablets and injection to treat complicated skin and
skin structure infections at a dose of 750 mg once
daily. This is a new, higher dose.

✔ Anticancer agent arsenic trioxide (Trisenox)
injection by Cell Therapeutics Inc. for induction of
remission and consolidation in patients with acute
promyelocytic leukemia (APL) who are refractory to,
or have relapsed from, retinoid and anthracycline
chemotherapy and whose APL is characterized by
presence of the t(15;17) translocation or PML/RAR-
alpha gene expression. New therapy has orphan
drug status, with 1,500 new cases of APL diag-
nosed each year, of which an estimated 400
patients will not respond to, or will relapse from, 
first-line therapy.

✔ Asthma agent beclomethasone dipropionate HFA
(Qvar) 40 mcg and 80 mcg Inhalation Aerosol by
3M Pharmaceuticals for the maintenance treatment
of asthma as prophylactic therapy. Also indicated
for asthma patients who require systemic corticos-
teroid administration, where adding QVar may
reduce or eliminate the need for the systemic 
corticosteroids.

✔ Antiretroviral lopinavir/ritonavir (Kaletra) by
Abbott Laboratories. Accelerated approval to mar-
ket the drug for treatment of HIV-1 infection in
adults and children 6 months and older in combina-
tion with other antiretroviral medications. This is the
only protease inhibitor approved for use in children
as young as 6 months. Lopinavir is a protease
inhibitor; ritonavir inhibits the CYP3A-mediated
metabolism of lopinavir, thereby increasing plasma
levels of lopinavir. The combination is available as
capsules (400 mg lopinavir/100 mg ritonavir) and
oral solution (80 mg lopinavir/20 mg ritonavir). ■
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Feed your ‘pocket brain’

Expand your personal drug information refer-
ences. Add these definitions to your “pocket

brain.” You may find them helpful in evaluating
and understanding patient charts. If you have 
a chart or list you refer to frequently, share it 
with fellow readers by sending it to the editor 
at ruthnoland@hotmail.com.

Pregnancy definitions:
Gravida — refers to the number of pregnan-

cies a woman has had.
• Nulligravida — one who has never been 

pregnant.
• Primigravida — one who has been pregnant

once.
• Multigravida — one who has been pregnant

two or more times.
Parity — refers to number of deliveries after

20 weeks gestation, despite outcome.
• Nullipara – one who has never delivered a

fetus beyond 20 weeks gestation.
• Primipara – one who has delivered a fetus or

fetuses beyond 20 weeks gestation.
• Multipara – one who has had two or more

deliveries beyond 20 weeks.
(Adapted from Young LY. Handbook of Applied

Therapeutics. 6th ed. 1996.)  ■

88 DRUG UTILIZATION REVIEW ™ / November 2000

Nadrine K. Balady, PharmD
Assistant Pharmacy Director
King/Drew Medical Center

Los Angeles
Barry A. Browne, PharmD

Coordinator
Drug Information Services

Scott & White Hospital
Temple, TX

Thomas G. Burnakis, PharmD
Pharmacy Clinical Coordinator

Dept. of Pharmacy
Baptist Medical Center

Jacksonville, FL
Steven Cano, MS 
Pharmacy Director

Fallon Healthcare Systems
Worcester, MA 

W. Gary Erwin, PharmD 
Administrator 

Geriatric Pharmacy Institute 
Associate Professor of Clinical Pharmacy

Philadelphia College 
of Pharmacy and Science 

Philadelphia
Carsten Evans, MS, PhD

Assistant Dean of Professional Affairs
Associate Professor of Pharmacy

Administration
Nova Southeastern University

College of Pharmacy
North Miami Beach, FL

Nancy S. Jordan, PharmD, BCPS
Director

Drug Information Services
Holyoke Hospital

Holyoke, MA
Gae M. Ryan, PharmD

Assistant Director of Pharmacy
Oregon Health Sciences University

Hospital and Clinics
Portland, OR

Tim Stacy, RPh, MBA
Director of Pharmacy Services

Dunwoody Medical Center
Northlake Regional Medical Center

Atlanta
C.S. Ted Tse, PharmD, MBA

Chief of Clinical
Pharmacy/Pharmacoeconomics

St. James Hospital and Health Centers
Chicago Heights, IL

Gordon J. Vanscoy, PharmD, MBA
Vice President, Managed

Clinical Care Division
Stadtlanders Managed

Pharmacy Services
Assistant Dean of Managed Care

University of Pittsburgh
School of Pharmacy

Pittsburgh

EDITORIAL ADVISORY BOARD
United States Postal Service

Statement of Ownership, Management, and Circulation
1. Publication Title 2. Publication No. 3. Filing Date

4. Issue Frequency 5. Number of Issues Published Annually 6. Annual Subscription Price

7. Complete Mailing Address of Known Office of Publication (Not Printer) (Street, city, county, state, and ZIP+4) Contact Person

Telephone

8. Complete Mailing Address of Headquarters or General Business Office of Publisher (Not Printer)

9. Full Names and Complete Mailing Addresses of Publisher, Editor, and Managing Editor (Do Not Leave Blank)

Publisher (Name and Complete Mailing Address)

Editor (Name and Complete Mailing Address)

Managing Editor (Name and Complete Mailing Address)

10. Owner (Do not leave blank. If the publication is owned by a corporation, give the name and address of the corporation immediately followed by the names and
addresses of all stockholders owning or holding 1 percent or more of the total amount of stock. If not owned by a corporation, give the names and addresses of
the individual owners. If owned by a partnership or other unincorporated firm, give its name and address as well as those of each individual. If the publication is
published by a nonprofit organization, give its name and address.)

Full Name Complete Mailing Address

American Health Consultants 3525 Piedmont Road, Bldg. 6, Ste 400

Atlanta, GA 30305

11. Known Bondholders, Mortgagees, and Other Security Holders Owning or
Holding 1 Percent or More of Total Amount of Bonds, Mortgages, or
Other Securities. If none, check box �� None

Full Name Complete Mailing Address

Medical Economics Data, Inc. Five Paragon Drive

Montvale, NJ 07645

12. Tax Status (For completion by nonprofit organizations authorized to mail at nonprofit rates.) (Check one)
The purpose, function, and nonprofit status of this organization and the exempt status for federal income tax purposes:
�� Has Not Changed During Preceding 12 Months
�� Has Changed During Preceding 12 Months (Publisher must submit explanation of change with this statement)

PS Form 3526, September 1998 See instructions on Reverse)

10/16/00

$399.00

Willie Redmond

404/262-5448  

Drug Utilization Review

Monthly

3525 Piedmont Road, Bldg. 6, Ste. 400, Atlanta, 
Fulton County, GA 30305

3525 Piedmont Road, Bldg. 6, Ste. 400, Atlanta, GA 30305

0 8 8 4 - 8 9 9 8

12

Brenda Mooney, 3525 Piedmont Road, Bldg. 6, Ste. 400, Atlanta, GA 30305

Lee Landenberger, same as above

Coles McKagen, same as above

13. Publication Name 14. Issue Date for Circulation Data Below

15. Extent and Nature of Circulation Average No. of Copies Each Issue Actual No. Copies of Single Issue
During Preceding 12 Months Published Nearest to Filing Date

a. Total No. Copies (Net Press Run)

(1) Paid/Requested Outside-County Mail Subscriptions Stated on
Form 3541. (Include advertiser’s proof and exchange copies)

(2) Paid In-County Subscriptions (Include advertiser’s proof and
b. Paid and/or exchange copies)

Requested

(3) Sales Through Dealers and Carriers, Street Vendors,Circulation
Counter Sales, and Other Non-USPS Paid Distribution

(4) Other Classes Mailed Through the USPS

.c. Total Paid and/or Requested Circulation
(Sum of 15b(1) and 15b(2)

d. Free (1) Outside-County as Stated on Form 3541
Distribution
by Mail
(Samples, (2) In-County as Stated on Form 3541
Complimen-
tary and

(3) Other Classes Mailed Through the USPSOther Free)

e. Free Distribution Outside the Mail (Carriers or Other Means)

f. Total Free Distribution (Sum of 15d and 15e)

g. Total Distribution (Sum of 15c and 15f)

h. Copies Not Distributed

i. Total (Sum of 15g, and h.

Percent Paid and/or Requested Circulation
(15c divided by 15g times 100)

16. Publication of Statement of Ownership
Publication required. Will be printed in the ______________________issue of this publication. �� Publication not required.

17. Signature and Title of Editor, Publisher, Business Manager, or Owner Date

I certify that all information furnished on this form is true and complete. I understand that anyone who furnishes false or misleading information on this form or who omits
material or information requested on the form may be subject to criminal sanctions (including fines and imprisonment) and/or civil sanctions (including multiple damages
and civil penalties).

Instructions to Publishers

1. Complete and file one copy of this form with your postmaster annually on or before October 1. Keep a copy of the completed form for your records.

2. In cases where the stockholder or security holder is a trustee, include in items 10 and 11 the name of the person or corporation for whom the trustee is acting. Also
include the names and addresses of individuals who are stockholders who own or hold 1 percent or more of the total amount of bonds, mortgages, or other securities
of the publishing corporation. In item 11, if none, check the box. Use blank sheets if more space is required.

3. Be sure to furnish all circulation information called for in item 15. Free circulation must be shown in items 15d, e, and f.

4. Item 15h., Copies not Distributed, must include (1) newsstand copies originally stated on Form 3541, and returned to the publisher, (2) estimated returns from news
agents, and (3), copies for office use, leftovers, spoiled, and all other copies not distributed.

5. If the publication had Periodicals authorization as a general or requester publication, this Statement of Ownership, Management, and Circulation must be published;
it must be printed in any issue in October or if the publication is not published during October, the first issue printed after October.

5. In item 16, indicate date of the issue in which this Statement of Ownership will be published.

6. Item 17 must be signed.

Failure to file or publish a statement of ownership may lead to suspension of second-class authorization.

PS Form 3526, September 1999 (Reverse)

Drug Utilization Review November 2000

November

Publisher 10/16/00

594 573

464 448

0 0

0 0

0 0

464 448

0 0

0 0

0 0

6 6

6 6

470 454

124 119

594 573

99 99



November 2000 / Supplement to DRUG UTILIZATION REVIEW ™ 1

By Jill Vukovich, PharmD candidate
Medical University of South Carolina
Charleston

Indications:
Infliximab, manufactured by Centocor in

Malvern, PA, is indicated for reducing the signs
and symptoms of rheumatoid arthritis (RA) when
used in conjunction with methotrexate (MTX) for
those patients who previously have had inade-
quate responses to MTX. Infliximab also is indi-
cated for reducing the signs and symptoms of
Crohn’s disease in patients with moderate to
severe disease who have had an inadequate
response to conventional therapy and for reduc-
ing the number of draining enterocutaneous fis-
tulae in patients with fistulizing Crohn’s disease.1

Pharmacology:
Infliximab is a chimeric IgG1k monoclonal anti-

body composed of a murine variable and human
constant regions.1-4 Infliximab binds with high
affinity to tumor necrosis factor alpha (TNFα),
which inhibits the binding with its receptors, thus
neutralizing its activity. 1 Tumor necrosis factor
beta (TNFβ) is not neutralized by infliximab, even
though it utilizes the same receptors as TNFα.1

Biologic activities of TNFα are as follows:
induction of interleukins 1 and 6 (proinflamma-
tory cytokines); increasing endothelial permeabil-
ity to facilitate leukocyte migration; enhancing
expression of epithelial and leukocyte adhesion
molecules; activation of functional activity of
leukocytes and eosinophils; induction of liver pro-
teins, including acute phase reactants; and induc-
tion of tissue-degrading enzymes produced by
chondrocytes and/or synoviocytes.1,3 Infliximab
has been shown to prevent polyarthritis in animal
models and, when given after onset of disease,
allows for the healing of eroded joints.1

Pharmacokinetics:
A linear relationship between dose, maximum

concentration, and area under the curve can be
seen after a single dose of infliximab 1 to 20
mg/kg is administered intravenously. 1 Steady
state volume of distribution is 3 L and is indepen-
dent of dose, which implies that infliximab pri -
marily distributes into the vascular space. Onset
of action is seen three to seven days after infu-
sion.1,2 The terminal half-life for a 3 mg/kg dose
in RA is eight to 9.5 days.1-3 Following repeated
infusions at two and six weeks, predictable con-
centration-time profiles were seen. With contin-
ued treatment of 3 mg/kg at four- to eight-week
intervals, no systemic accumulation was noted.1
Clearance and volume of distribution did not dif-
fer significantly among patients with respect to
age and weight. It is unknown if gender or renal
and/or liver dysfunction affects the pharmacoki-
netics of this agent.1

Clinical trials:
A multicenter, randomized, placebo-controlled

trial was conducted over a 26-week period to
determine the efficacy and safety of infliximab in
conjunction with MTX for the treatment of RA.5

Patients were eligible if they had six swollen
joints (from a total of 66 counted) and at least
one of the following: six or more tender/painful
joints (of 68 counted), morning stiffness lasting
longer than 45 minutes, an erythrocyte sedimen-
tation rate (ESR) of at least 28 mm/hour, or a C-
reactive protein (CRP) concentration of at least
15 mg/dL. 

Patients were excluded if they were pregnant;
had severe physical incapacitation (Steinbrocker
class IV); were previously exposed to chimeric
monoclonal antibodies or murine proteins; had a
history of chronic infection or malignancy; had a
recent serious infection; hemoglobin, white blood

Infliximab (Remicade) for rheumatoid arthritis symptoms



cell, and platelet counts of less than 8.5 mg/dL,
3.5 x 109/L, and 100 x 109/L, respectively; serum
creatinine concentrations over 150 micromoles/L;
or serum transaminase and alkaline phosphatase
concentrations of more than 1.25 to two times the
upper limit of normal, respectively. 

Patients stabilized on oral steroids for four
weeks prior to screening were permitted to con-
tinue, as long as the dose did not exceed pred-
nisolone 7.5 mg orally per day. All patients
received MTX 7.5 mg orally once each week dur-
ing the trial; however, no other disease-modifying
antirheumatic drugs (DMARDs) were permitted
starting four weeks prior to study initiation.5

Waiting for responses

Patients were randomized to receive one of
four intravenous (IV) infusion treatment regi-
mens: infliximab 1 mg/kg, 3 mg/kg, or 10
mg/kg or placebo (0.1% human serum albu-
min). Each study group consisted of 14 subjects.
On day zero, prior to infusion, all baseline mea-
surements of laboratory and clinical data were
obtained. Repeated infusions were administered
at two, six, 10, and 14 weeks after first infusion.
Patients were assessed at weeks one and two,
and then at two-week intervals up to 22 weeks
with a final evaluation at week 26.5

The primary efficacy endpoint was time to
exhibit a response (measured in weeks). The
Paulus 20% index was used to indicate a response
to therapy. Patients not completing the trial were
considered “nonresponders.” Secondary end-
points included frequency with which patients
responded measured by the Paulus 20% index,
magnitude of response measured by the Paulus
50% index, and remission. Remission was evalu-
ated as follows: proportion of patients exhibiting
more than a 50% improvement in disease as indi-
cated by the Paulus criteria or remission of dis-
ease as defined by Pinals et al. 

Those authors define remission as having no
tender/swollen joints; morning stiffness lasting
less than 15 minutes; no fatigue; a pain score of
less than 0.5 cm on a 10 cm visual analogue scale
(VAS); and an ESR of less than 30 mm/hour or 
20 mm/hour for women or men, respectively.
Changes from baseline were assessed for
swollen joint counts (SJC), tender joint counts
(TJC), physician and patient global assessments,
degree of disability (measured on the modified
Stanford Health Assessment Questionnaire),
degree of pain (as measured on the 10 cm VAS),

and human antichimeric antibody (HACA),
CRP, rheumatoid factor (RF), and anti-double-
stranded DNA antibody (anti-dsDNA) concen-
trations lasting at least eight consecutive weeks.5

At the conclusion of the trial, patients on any
of the three doses had a statistically significant
longer duration of response to treatment com-
pared to placebo, for whom subjects had zero
weeks of duration of response. Subjects receiving
infliximab 1 mg/kg had a median duration of
response to treatment of 16.5 weeks (p < 0.001).
Patients receiving infliximab 3 mg/kg also had a
median duration of response of 16.5 weeks. Those
receiving infliximab 10 mg/kg had a median
duration of response of 18.1 weeks (p < 0.001). 

The secondary outcome (percentage of patients
responding), as measured by the Paulus 20%
index, was statistically significantly different than
the placebo group for all infliximab groups mea-
sured at weeks four, eight, 12, 16, and 26 (p <
0.05) for the majority of measurements. The one
exception was the infliximab 1 mg/kg group. At
week 26, the percent of patients responding was
not statistically significant (p = 0.51). From week
eight of treatment to week 16, all patients demon-
strating a response as measured by the Paulus
20% (~60% of patients in the infliximab groups)
concurrently achieved a high level of clinical
responses measured with the Paulus 50% index.
However, the placebo group maintained an
approximate 10% response as measured by the
Paulus 20% index. Patients receiving infliximab 3
mg/kg and infliximab 10 mg/kg maintained a
clinical response up to week 26.5

Showing improvement 

Evaluation of SJC, TJC, and CRP concentra-
tions suggest that for those patients receiving
infliximab at any of the three doses, a marked
and generally sustained improvement of these
parameters occurred, with a trend toward remis-
sion. The patients receiving placebo, however,
did not show any substantial changes from base-
line from weeks zero to six (measured until ≥
50% of patients responded). The statistical signif-
icance of these three parameters was not pro-
vided. Disease control as measured by SJC, TJC,
and CRP levels exceeded 60% to 70% from base-
line for the infliximab 3 mg/kg and 10 mg/kg
groups, while the placebo group remained at or
near baseline. No patient in the placebo group
achieved the criteria to qualify for complete
remission. However, complete remission lasting
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at least eight weeks was seen in one patient in
each of the infliximab 1 mg/kg and 3 mg/kg
groups and in two patients in the infliximab 10
mg/kg group.5

Discontinuation of therapy during the first 14
weeks due to lack of efficacy occurred primarily
in the placebo group (eight of 14 patients), vs. one

discontinuation of all 42 infliximab patients (10
mg/kg group). While adverse events occurred
more frequently in patients receiving infliximab
compared with those receiving placebo, those 
differences were not statistically significant (p =
0.186), with just one patient discontinuing ther-
apy due to adverse events in each of the inflix-
imab 1 mg/kg and 10 mg/kg groups. 

The number of dropouts in the placebo group
due to lack of efficacy may help to explain the
greater number of adverse events in the inflix-
imab groups. The adverse events considered
related to therapy that were reported most often
in patients receiving infliximab were headache
(12%), diarrhea (9%), rash (6.9%), pharyngitis
(6.9%), rhinitis (6.9%), upper respiratory tract
infection (URTI) (4.6%), and urinary tract infec-
tion (4.6%). Of those patients who withdrew 
due to infusion-related events of infliximab, five
reported infusion reactions such as urticaria, pru-
ritis, and chills during administration; however,
none of those reactions was considered serious.
Also, one patient withdrew due to rash after the
fourth infusion and one due to a continuing uri-
nary tract infection with concurrent vaginitis.5

This study also included three additional
groups receiving infliximab 1 mg/kg, 3 mg/
kg, and 10 mg/kg, without concurrent MTX.
Although not presented here, those subgroups
also showed marked responses with infliximab
use compared with placebo in combination with
MTX. However, for completeness of safety evalu-
ation, all patients receiving infliximab with or
without MTX were included in the adverse event
discussion.5

The data support that infliximab in combina-
tion with MTX, when compared with placebo 
in combination with MTX, results in significant 

clinical improvement in patients with RA. Those
patients achieving a clinical response with inflix-
imab 3 mg/kg and 10 mg/kg were able to main-
tain that response for 26 weeks. Adverse events
associated with infliximab were seen but were
considered to be rare. The relationship of infec-
tion associated with infliximab use is still not
completely understood.5

Maini and co-workers conducted a random-
ized, double-blind, placebo-controlled multicenter
trial designed to determine the efficacy of inflix-
imab for the treatment of RA.6 This trial consisted
of 428 patients with active RA who had received
MTX continuously for at least three months fol-
lowing four weeks of MTX therapy at a stable
dose. 

Who qualifies?

Eligibility requirements were diagnosis of 
RA according to the 1987 American College of
Rheumatology Guidelines (ACR) and evidence 
of active disease even with treatment of MTX as
defined by the following: six or more tender
swollen tender or swollen joints, two with morn-
ing stiffness lasting greater than 45 minutes; ESR
greater than 28 mm/hour; CRP greater than 2
mg/dL; use of MTX with dose stabilized at greater
than or equal to 12.5 mg per week for at least three
months with no more than a two-week break in
treatment (for at least four weeks prior to screen-
ing); use of a stable folic acid dose during the same
time frame as MTX use; hemoglobin, white blood
cells, platelets, and serum creatinine measure-
ments as specified in the previously discussed
trial;5 and liver transaminases and alkaline phos-
phatase concentrations no more than two times
the upper limit of normal.6

If patients were using oral corticosteroids or
nonsteroidal anti-inflammatory drugs (NSAIDs),
doses had to be stable for four weeks prior to
study; however, if no oral agents were used,
NSAID use four weeks prior to the study was pro-
hibited. Exclusion criteria consisted of the follow-
ing: little or no ability for self-care; concurrent
inflammatory condition(s); use of DMARDs other
than MTX or steroids within four weeks of screen-
ing; use of agents toxic to TNFa or any previous
use of cyclophosphamide, nitrogen mustard, chlo-
rambucil, or any alkylating agent; past medical
history of murine protein allergies; infected joint
prosthesis in the past five years; serious infections
(e.g., hepatitis, pyelonephritis, pneumonia) in the
past three months; chronic infections of renal,
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chest, or airway regions; active tuberculosis in the
last three years; opportunistic infections (e.g., her-
pes zoster) in the previous two months; any evi-
dence of active cytomegalovirus, pneumocystis, or
drug-resistant mycobacterial infections; current
signs or symptoms of severe progressive organ or
neurological disease; or past history of lympho-
proliferative disorder or malignancy (except basal
cell carcinoma within the last five years).6

All patients concurrently received MTX and
were randomized to one of five groups: inflix-
imab 3 mg/kg IV every four weeks (n = 86) or
infliximab 3 mg/kg IV every eight weeks (n =
86); infliximab 10 mg/kg IV every four weeks 
(n = 81) or infliximab 10 mg/kg IV every eight
weeks (n = 87); or placebo (0.1% human serum
albumin in all sites except France, where placebo
was normal saline). Patients were assessed to
establish baseline measurements prior to infu-
sion. All patients received IV infusions at weeks
zero, two, and six. To maintain blinding, the
placebo group and one each of the 3 and 10
mg/kg infliximab groups received infusions
every four weeks, while the remaining two
infliximab groups received infliximab infusions
every eight weeks and placebo infusions at other
specified time points. Infusions were two hours
in duration. The primary endpoint was analyzed
using intent-to-treat analysis and was based
upon the ACR 20% improvement guidelines
assessed at the 30-week timepoint. 

Other measurements recorded included the
need for any surgical joint procedure, addition of
new drugs for RA, and increases of medication
dose for RA. Secondary endpoints were defined
as documented 50% to 70% improvement from
baseline, reduction in measurements of disease
activity, and patients’ general health assessment.
The study was powered at 90%. Safety endpoints
were evaluated using an as-treated analysis.
Patient groups were similar with respect to
demographics, disease states, previous joint
surgery, drug treatment, and duration of MTX
use.6

All patients treated with infliximab achieved
primary endpoints significantly more often than
those receiving placebo (p < 0.001). Response to
infliximab was seen rapidly, with 50% achieving
ARC 20% at the two-week evaluation and 90%
achieving it at the six-week evaluation. Total
response rate remained at the 50% to 60% levels
up to the 30-week endpoint. The infliximab groups
also achieved more substantial responses as out-
lined by the ACR 50-70 criteria than the placebo.

All differences from baseline in the ACR 50-70
were statistically significant, compared with
placebo (p < 0.05) with the exception of the inflix-
imab 3 mg/kg every eight weeks in pain score
measurement (p = 0.075) and health assessment
questionnaire (p = 0.766).6

Adverse events were assessed to monitor for
safety and were seen in all groups. Two patients
inadvertently received infliximab and were there-
fore considered as part of that group, bringing
the total number of infliximab-treated patients to
342. The most commonly reported events were
URTIs (placebo [16%] vs. infliximab [25%]),
headache (placebo [10%] vs. infliximab [22%]),
and nausea (placebo [19%] vs. infliximab [15%]).
Infusion-related reactions were seen more often
in the infliximab groups (19%) vs. placebo (10%);

however, the result was not statistically signifi -
cant (p = 0.477). Most infusion-related reactions
were seen with the first infusion, and most were
considered mild (headache and nausea) and of
short duration. Symptoms were addressed by
dosing antihistamines or slowing the infusion
rate. 

Two infliximab-treated patients discontinued
treatment due to infusion reactions. Hypersens-
itivity reactions were infrequent and usually mild
across groups. Serious adverse events (defined as
life-threatening or requiring hospitalization) were
similar across groups (17% in the placebo group
vs. 11% in the infliximab groups). Although infec-
tions occurred more often in the infliximab 10
mg/kg group, those considered serious were the
same between the placebo group (6%) and inflix-
imab groups (4%). 

Deaths occurred in the placebo group (3%) 
and infliximab groups (1%) and were attributed
to disorders associated with RA. Elevated liver
enzymes occurred similarly across groups with-
out significant differences. MTX-associated toxic-
ity was suspected in one patient in the infliximab
3 mg/kg group causing withdrawal from the
study. In the placebo group, one patient with-
drew due to iron-deficiency anemia, and one
patient withdrew due to thrombocytopenia. No
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other hematologic abnormalities were noted. 
The placebo group had the most patient with-

drawals (36%), compared with the infliximab
groups (18%). Reasons for discontinuation
included lack of efficacy (22 patients in the
placebo group, 44 patients in the infliximab
groups); adverse events (seven patients in the
placebo group, 24 in the infliximab groups);
noncompliance (two patients in the placebo
group); withdrawn consent (one patient in the
placebo group, two in the infliximab groups);
and death (three patients in the placebo group,
two patients in the infliximab groups).6

All patients were determined to have negative
anti-dsDNA concentrations at baseline. After com-
pletion of the trial, 54/340 (16%) of the infliximab-
treated patients tested positive vs. none in the
placebo group. The relevance of drug-induced
lupus is not known at this time, and the one
patient in the infliximab group determined to
have developed this event tested anti-dsDNA
negative. 

Also, it was calculated that after 86 patient-
years of placebo and 359 patient-years of inflix-
imab, three patients developed a malignant
disease, all in the infliximab 10 mg/kg group
administered every four weeks. These observed
incidences, however, were determined to be no
different from the 2.8 cases expected to occur in a
similar population.6

These data support that the use of infliximab
(concurrently with MTX) significantly decreases
the signs and symptoms of RA. Furthermore, 
the adverse events encountered did not result in
excess risk vs. benefit from infliximab therapy.
Patients achieved the ACR 20% and maintained 
it for the 30-week duration of the trial with the
exception of the infliximab 1 mg/kg group admin-
istered every eight weeks. This study showed that
patients with RA refractory to DMARD use would
benefit from the use of infliximab.6

Adverse reactions:
The adverse events reported most often in

patients receiving infliximab include headache
157/754 (20%), nausea 111/754 (15%), and vomit-
ing 45/754 (6%).1,2 Infusion-related reactions (16%)
also are associated with infliximab and are defined
as any adverse event that occurs during the actual
infusion or within one to two hours afterwards.1
Acute-infusion reactions consist of nonspecific
symptoms such as fever, chills, and, less com-
monly, pruritus or urticaria. Additional infusion-
related reactions include cardiopulmonary

dysfunction (hypotension, hypertension, chest
pain, and/or dyspnea).1

Pregnancy and lactation:
Infliximab is rated as a Pregnancy Category C,

meaning that reproduction studies in animals
have shown adverse effects on the fetus, yet no
well-controlled or adequate studies have been
conducted in humans. The potential benefits may
substantiate infliximab use during pregnancy
despite the risk.1-3 Infliximab is known to react
only with human or chimpanzee TNFα.1 It is
unknown whether infliximab can cause harm to
the fetus when administered during pregnancy or
affect reproduction capabilities while present in
the serum. No evidence of maternal or embryonic
toxicity or teratogenicity was seen in a study con-
ducted in mice using an antibody with similar
action to infliximab against mouse TNFα. Use in
pregnancy should be carefully considered and
used only when clearly necessary. 1

It is unknown whether infliximab is excreted
into human breast milk or if it is systemically
absorbed after ingestion. Many immunoglobu-
lins are excreted into human breast milk, and
because the potential for adverse events exists in
nursing infants from infliximab, the decision to
discontinue breast-feeding or discontinue inflix-
imab therapy during the breast-feeding period
should be carefully considered.1

Contraindications:
Infliximab should not be used in those patients

with known hypersensitivity to infliximab, murine
proteins, or other components of this product.1,2

Warnings and precautions:
Serious infections have been reported in

patients administered TNF-blocking agents,
which include sepsis and fatal infections. Most
infections occur in those patients receiving inflix-
imab and other immunosuppressive agents that
could predispose them to infection.1 Extreme cau-
tion should be used when considering infliximab
use in patients with chronic infection/s or history
of recurrent infection/s.1-3 Patients with clinically
important, active infections should not receive
infliximab.1 Patients developing a new infection
during infliximab therapy should be monitored
closely, and treatment should be discontinued in
those patients developing serious infection or
sepsis.1

Hypersensitivity reactions have been associated
with infliximab infusion, including dyspnea,
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urticaria, and/or hypotension.1 Most reactions
occur during or within two hours of infusion.
Treatment of hypersensitivity reactions (e.g., 
antihistamines, acetaminophen, corticosteroids,
epinephrine) should be readily available in case 
of such reactions.1

Formation of autoantibodies may result from
the use of infliximab, as well as development of a
lupus-like syndrome; however, those events are
considered rare.1,2 In clinical trials, 23% of patients
receiving infliximab developed antinuclear anti-
bodies, compared with 6% of patients receiving
placebo. In addition, 4% of patients receiving
infliximab developed anti-dsDNA antibodies,
compared with none in the placebo group.1,6 Two
patients developing a lupus-like syndrome in tri-
als improved with discontinuation of the drug and
appropriate therapy. 1

Also, development of HACA has been associ-
ated with its use. This antibody developed less
in patients treated concomitantly with immuno-
suppressive agents such as MTX; however,
repeated dosing of infliximab resulted in high
serum concentrations with concomitant use of
MTX.1,5 Long-term data on development of anti-
bodies are lacking.1 Since no data exist on
response to vaccinations or infection develop-
ment from live vaccine usage, it is not recom-
mended to administer live vaccines concurrently
with infliximab treatment.1

Patients with long-term exposure to immuno-
suppressive agents or those with long duration 
of RA are more apt to develop lymphomas.1 It is
unknown if use of infliximab may impact this
finding. However, observed rates of malignancies
developing during clinical trials suggest a similar
rate of malignancy development in a population
similar to that studied.1,2,6

Dosage and administration:
The recommended dose of infliximab for treat-

ment of RA is 3 mg/kg administered as an intra-
venous infusion with additional doses of 3 mg/
kg at two and six weeks following the first infu-
sion, and then at eight-week intervals thereafter.
Treatment of RA with infliximab should be in
combination with methotrexate.1-3 Infliximab is
not FDA-approved for use in pediatric patients.1,3

Because vials of infliximab contain no anti-
bacterial preservatives, immediate use after
reconstitution is suggested, with the unused por-
tion discarded.1 Sterile Water for Injection, USP,
10 mL, should be used as the diluent. The total
reconstituted product is to be further diluted

with 0.9% Sodium Chloride for Injection, USP.
The appropriate concentration of infliximab 
to be infused ranges between 0.4 mg/mL and 
4 mg/mL. Infusion of infliximab must begin
within three hours after reconstitution.1,3

Preparation instructions:1

1. Calculate the dose needed and, subsequently,
the number of vials of infliximab needed (each vial
contains 100 mg lyophilized infliximab). Calculate
total volume of reconstituted solution required for
administration.

2. Using a syringe (and ≥ 21 gauge needle),
reconstitute each vial of infliximab with 10 mL of
Sterile Water for Injection, USP, using aseptic tech-
nique: Remove metal top and swab the vial with
alcohol. Insert needle through the center of rubber
stopper and inject water stream against wall of
vial. Use only if a vacuum is present. Gently swirl
the vial by rotating, allowing the water to dissolve
the powder. Avoid vigorous or prolonged agita-
tion. DO NOT SHAKE! Solution may foam upon
reconstitution. Allow solution to rest five minutes.
Appearance should be colorless to light yellow. A
few translucent particles may develop. Discard if
solution discolors, particles appear opaque, or any
foreign particles are present.

3. Using a 250 mL bottle or bag of 0.9% Sodium
Chloride for Injection, USP, aseptically withdraw
amount equal to the volume of reconstituted
infliximab and discard. Then, slowly add the total
volume needed from the reconstituted vial(s) to
the bottle or bag of sodium chloride and gently
mix.

4. Administer infusion solution over a time
period of at least two hours using an infusion
set with an in-line, low-protein binding, nonpy-
rogenic, sterile filter with pore size less than or
equal to 1.2 microns. DO NOT store any unused
portion for later use.

5. Because no physical compatibility studies
evaluating the co-administration of infliximab
with any other agent have been done, no agent
should be administered concurrently in the same
IV line as infliximab.

6. Prior to administration, the final product
should be visually inspected for any opaque par-
ticles, foreign matter, or discoloration, and the
product should be discarded upon such findings.

Drug interactions:
To date, studies have not been conducted eval-

uating specific drug interactions with infliximab.
Although other medications, such as NSAIDs,
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narcotics, and steroids, were used in clinical trials
by patients receiving infliximab, no drug interac-
tion data were collected.1

Dosage forms available:
Infliximab is available in single-use, 20 mL

vials containing a lyophilized powder of inflix-
imab 100 mg, sucrose 500 mg, polysorbate 80 0.5
mg, monobasic sodium phosphate 2.2 mg, and
dibasic sodium phosphate 6.1 mg.1-3 No preserva-
tives are contained in the vial.1,2

Samples status:
Infliximab samples should not be allowed.7

Potential for medication errors:
The potential for medication errors exists with

infliximab (Remicade). Drugs with similar-sound-
ing names include the following: abciximab
(ReoPro), used for inhibition of platelet aggrega-
tion; rituximab (Rituxan), used to treat relapsed or
refractory low-grade or B-cell nonHodgkin’s lym-
phoma; daclizumab (Zenepax), and muromonab
(Orthoclone), used for prevention of rejection in
transplant recipients; and digoxin immune mono-
clonal antibody (Digibind), used in digoxin over-
doses.8 The prescriber and dispensing pharmacist
must be aware of the potential for confusion with
those sound-alike names.

Filtration requirements:
After final dilution into 0.9% Sodium Chloride

for Injection, USP, infliximab is to be adminis-
tered with an infusion set containing a sterile in-
line, pyrogen-free, low-protein-binding filter with
pore size < 1.2 microns.1

Discussion:
Rheumatoid arthritis is a crippling disease 

that afflicts more than 2 million Americans.9,10

Therapy begins with NSAIDs, such as aspirin or
ibuprofen; however, most patients eventually will
require stronger drugs like DMARDs and/or cor-
ticosteroids. Long-term use of those products is
not without side effects, and as therapy contin-
ues, the disease may become refractory to those
treatments.9,10 Infliximab, initially FDA-approved
for use in refractory Crohn’s disease, has recently
been approved for reducing the signs and symp-
toms of RA when used in conjunction with MTX
in patients who previously have had inadequate
response to MTX therapy.1

Placebo-controlled trials involving large num-
bers of patients have demonstrated a decrease in

disease activity, relief of symptoms, and overall
improvement in quality of life for patients treated
with infliximab. These trials demonstrated that
infliximab therapy, in conjunction with MTX,
resulted in statistically and clinically significant
improvement in patients with established RA
refractory to MTX treatment alone.5,6

Adverse effects seen with infliximab therapy
are generally considered mild. The mechanism of
development of infection associated with the use
of infliximab is not completely understood. In
clinical trials, severe infections occurred rarely;
however, the risk of infection vs. the benefit of
therapy should be recognized when therapy is
considered. Furthermore, it is recommended to
avoid infliximab in patients with chronic or pre-
sent infections.1

Although the procurement price of infliximab
may be more than other therapies for RA, inflix-
imab is dosed less frequently than other agents
used to treat RA, which helps to offset the high
procurement price. In addition, the agent is indi-
cated for refractory patients in whom alternative
therapies are limited.
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These drugs have not yet received final approval:

4 Atrix Laboratories has seen promising preliminary
results from its phase III trial with a new Atrigel for-
mulation of leuprolide acetate for the treatment of
advanced prostate cancer. The company plans to
file a new drug application (NDA) next year.

4 Coulter Pharmaceutical Inc. and SmithKline
Beecham announced resubmission of the biologics
license application for Bexxar for treatment of
relapsed or refractory low-grade or transformed low-
grade B-cell nonHodgkin’s lymphoma. Bexxar has
been designated a fast-track product by the FDA. If
approved in the time anticipated, it will be the first
radioimmunotherapy on the market. It involves an
antibody conjugated to iodine-131 (I-131) that
attaches to a protein found only on the surface of B
cells, including nonHodgkin’s lymphoma B cells.
Properties of the I-131 radioisotope allow a patient-
specific dose to be determined and administered.

4 Eli Lilly and Co. has signed an agreement with
Generex Biotechnology Corp. for the development of
a buccal formulation of insulin administered as a
fine spray using technology belonging to Generex.
Lilly will conduct the clinical trials.

4 Helsinn Health Care has announced that enrollment
of patients for phase III clinical trials is progressing
for study of patients treated with palonosetron, a
new agent for prevention of chemotherapy-induced
nausea and vomiting. It is hoped that palonosetron
will provide extended antiemetic coverage over cur-
rent 5HT3 receptor antagonists, thus reducing the
need for multiple administrations for cancer patients.

4 Immunomedics Inc. has begun a phase III pivotal
trial to study the safety, tolerability, and efficacy of
its humanized, anti-CD22 monoclonal antibody,
epratuzumab (LymphoCide) in the treatment of
patients with nonHodgkin’s lymphoma (NHL) who
have failed or are refractory to other forms of ther-
apy, including a prior therapy with an antibody
against the CD20 marker of NHL.

4 Kos Pharmaceuticals Inc. and DuPont Pharmaceu-
ticals Co. have announced the submission of an

NDA for an extended-release niacin/lovastatin
product. It has been submitted for use in patients suf-
fering from high cholesterol levels and are in danger
of developing serious heart disease. Kos is develop-
ing a new brand name for the combination drug.
Earlier, the combination was known as Nicostatin.
The new product could be available by the end of
2001, depending on timing of FDA approval.

4 Maxim Pharmaceuticals has received word of FDA
priority review of its histamine dihydrochloride
(Maxamine) as an adjunct to interleuken-2 for the
treatment of stage IV malignant melanoma.

4 Merck’s bisphosphonate, alendronate (Fosamax) 
is effective in the treatment of men with osteoporosis,
according to results of a two-year study. Merck has
filed for this new indication in the U.S. and Europe.

4 SuperGen Inc. reports that data were presented at
the Leukemia 2000 conference in Houston on the
activity of its anticancer agent pentostatin (Nipent),
marketed for treating hairy cell leukemia. The activity
of pentostatin in graft-vs.-host disease (GVHD), hairy
cell leukemia, chronic lymphocytic leukemia (CLL),
and cutaneous T-cell lymphoma (CTCL) was dis-
cussed. Preliminary data suggest use of the drug in
the post-transplantation setting in patients with
steroid-refractory CVHD can contribute to control of
GVHD without destroying new bone marrow.

4 Titan Pharmaceuticals has revealed positive safety
and efficacy data from a large-scale, controlled,
phase III study of iloperidone (Zomaril) in develop-
ment for the treatment of schizophrenia. The trial,
run by Novartis, included more than 600 patients to
assess the ability of iloperidone to control the posi-
tive and negative symptoms in schizophrenia
patients. Results show that both doses used in the
study achieved a highly statistically significant reduc-
tion in schizophrenia symptoms as assessed by the
Brief Psychiatric Rating Scale.

4 Triangle Pharmaceuticals Inc. has announced the
one-year results from a pilot study of a once-a-day
HAART (highly active antiretroviral therapy) regimen,
combining emtricitabine (Coviracil), didanosine
(ddI), and efavirenz, as a first-line therapy in treat-
ment naive HIV-infected patients. Results showed
the regimen was generally well-tolerated and demon-
strated strong antiretroviral and immunologic effects
lasting for the 48-week duration of the study, with
95% of patients maintaining plasma HIV RNA levels
below 400 copies/mL through 48 weeks.  n
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Today’s shortage of pharmacists has opened
doors for increased salaries and benefits. “It’s

currently an employee’s market, but I don’t see a
lot of pharmacists taking advantage of this fact”
says Peggy Kuehl, director of education and
membership services with the American College
of Clinical Pharmacy. “Pharmacists need to learn
better skills in negotiating benefits and salaries.
They need to be sure to counter offer and not
simply accept what is offered them.”

Keep track of accomplishments

While workers typically think of salary negoti-
ations as occurring at the time of hire, negotia-
tions also can occur at times of salary increase
and/or bonus. Keeping track of personal accom-
plishments and achievements made throughout
the year can help support negotiations. 

Evidence to help justify increases in salary and
benefits can include successful therapeutic inter-
ventions, medication errors caught and prevented,
and notes of thanks from colleagues. Publications
that weigh heavily in academic tenure also can
play an important role in helping an employer jus -
tify salary increases, as can participation in profes-
sional associations.

Drug Utilization Review recently tabulated the
results of its 2000 reader salary survey to assess
the financial and workplace demographics of its
readership. The results reflect the strength of the
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current economy and the struggles associated
with the shortage of pharmacists.

Of the 46 respondents to the survey, the majori -
ty report earning a salary of $75,000 to $85,000
annually and working between 41 and 50 hours
weekly. Approximately 70% of respondents are
directors of pharmacy.

Also important when evaluating salaries in the
profession is looking at how they change over time.

This year, 42% of DUR respondents report their
salaries increased in the past 12 months by 1% to
3%. This is in keeping with the national cost-of-
living increase of 2.4% for the past year. (See www.
ssa.gov/OACT/COLA/COLA.sum.html for cost-
of-living adjustment statistics.) 

Another 29% report an increase of 4% to 6%,
while 9% report an increase of 7% to 10%, and
almost 7% report an increase of 11% to 15%. Just
2% report an increase of 21% or more, and 11%
report no change in salary during the past year. 
No one reported a decrease in salary.

Stay or go?

Those salary increases might help justify work-
ing harder for the nearly 36% of respondents who
reported a decrease in number of employees in
their departments over the past 12 months. How-
ever, 29% of respondents were fortunate in hav-
ing the number of employees in the department
increase during the past year. The remainder saw
no change.

Using modal answers to create a composite pic-
ture of a DUR pharmacist, the average respondent
is a man in his early 50s who has been working 
in a 200-bed nonprofit hospital for approximately
12 years. He earns $75,000 to $85,000 a year for
working 41 to 50 hours a week. Thirty percent of
respondents report working in a medium-size
community hospital.

Hard to say ‘no’ 

The Economic Policy Institute (EPI) in Wash-
ington, DC, reports that, while incomes for the
nation rose during the past year, so did hours
worked per week. The median household income
is now $40,816, representing an increase of 2.7%
over the previous year, slightly better than the
national cost-of-living adjustment. (Visit the Web
at www. epinet.org for additional information.)
According to the EPI, the average middle-income,
married-couple family with children and a head
of household who is 25 to 54 years of age has
increased the number of hours worked each year
by 279 hours over the past decade.

“Pharmacists have always been hard workers,”
Kuehl says. “The majority of them work so hard
because they want to help people. They also find
it difficult to say ‘no.’ Given the current shortage
of pharmacists, we can expect that a lot of families
containing pharmacists have increased their annu-
al hours in a similar fashion.”
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The demographics of the DUR respondents are
similar to those seen in 2,092 respondents to the
National Pharmacist Workforce Survey: 2000,
which was commissioned by the Pharmacy Man-
power Project (PMP). PMP is composed of organi-
zations including the following:

• Academy of Managed Care Pharmacy; 
• American Association of Colleges of

Pharmacy;
• American College of Apothecaries;
• American Pharmaceutical Association; 
• American Society of Consultant Pharmacists; 
• American Society of Health-System

Pharmacists; 
• Bureau of Health Professions; 
• National Association of Chain Drug Stores; 
• National Association of Boards of Pharmacy; 
• National Community Pharmacists Association; 
• National Council of State Pharmacy

Association Executives; 
• National Pharmaceutical Association; 
• National Wholesale Druggists' Association; 
• Pharmaceutical Research and Manufacturers

Association; 
• Pharmacy Technicians Certification Board. 
(See the full report on the Web at this address:

www.aacp.org.) 
The PMP report states that 73.3% of all

licensed pharmacists were working full-time (>
30 hours/week) in pharmacy during 2000; 14.9%
worked part-time. Of those licensed pharmacists,
more than 40% were women, vs. 33% of DUR
respondents who are women. Additionally, more
than 80% of women in the PMP survey were
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younger than 46, and 42% of men were younger
than 46. 

Similarly, 50% of DUR responders are younger
than 46, and the majority of DUR responders are
men. Slight differences between groups may be
accounted for due to differences in population
location because the PMP study includes a large
number of community pharmacists. Overall, full-
time pharmacists in the PMP study report work-
ing an average of 44.2 hours per week, which
coincides with the DUR statistic of 41 to 45 hours
worked per week.

Another 17% of respondents reported earning
$85,000 to $99,999, while 19% more reported 
six-figure incomes. A full 50% of respondents
report that annual or semi-annual bonuses are 
not provided at their workplaces. 

Of respondents reporting certifications that 
best represent their current positions, nearly 69%
report RPh, while 27% report PharmD, and 2%
report BCPS.

On their list of desired benefits, the majority 
of pharmacists report that medical coverage,
401k/savings plans, and pension plans are
extremely important, while dental and eye care
coverage, life insurance, tuition reimbursement,
and freedom to choose work schedule are some-
what less important.

“Everyone has specific factors that are most
important to them in the workplace, and they
tend to choose their jobs or job sites base on
those factors. Still, it’s not unusual to find phar-
macists who are dissatisfied with one aspect or
another of their jobs, whether that be with salary,
benefits, or the desire to do more clinical work,”
Kuehl says. 

“Yet current times have put pharmacists in the
driver’s seat. This creates many opportunities 
for pharmacists to improve themselves and their
workplace,” she says. “Pharmacists need to make
their desires known. A good employer will hear
what employees are looking for and will make
appropriate changes to the work environment in
order to keep the staff and keep them both content
and productive.”  n
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