
ADEs: Looking for predictability
in a panoply of circumstances
Adverse drug events increase costs and consequences

In research looking at variables that could contribute to an increased
risk of sustaining an adverse drug event (ADE) certain age groups,
diagnoses, admission sources, types of insurance, and use of specific

medications or medication classes were all associated with increased
adverse event rates at a medical center.

“Although each adverse event may have arisen from a unique combi-
nation of circumstances, we found a measure of predictability in pat-
terns of adverse events,” says Philip Johnston, Pharm.D., assistant
director of pharmaceutical services at Vanderbilt University Medical
Center in Nashville. “Future efforts should include drugs specifically
involved in adverse events, as well as separate analyses of medication
errors and adverse drug reactions. 

Johnson tells Drug Formulary Review his analysis of adverse drug
events started as part of routine quality improvement measures at the
medical center. He tells us there was interest in more than routine
reporting and a desire to look for ways to predict who might be likely
to sustain an adverse event.

As many as 1.3 million accidental patient injuries are caused each
year by medical treatments, with mistakes occurring in 19% of all
medication doses given in hospitals, usually during drug administra-
tion. Johnston notes that patient safety in hospitals has come under
intense scrutiny in both the public and private sectors. An American
Society of Health-System Pharmacists May 2002 survey found that
85% of respondents expressed concerns about at least one medica-
tion-related issue such as receiving interacting medications, having
harmful adverse effects from a medication, or receiving the wrong
medication. With an estimated cost of $2,000 per adverse drug event,
institutions should not ignore this problem, Johnston says.

Although some published literature has isolated some variables
associated with increased risk of adverse drug events, no study has
definitively specified a model that predicts ADEs. Johnston says con-
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troversy exists about predictive modeling of
ADEs. Early work to develop an ADE predic-
tive model yielded discouraging results. 

Authors of that early study decided that ADEs
could not be predicted by observing the patient
characteristics and hospital environment factors
used in their study. But there were design flaws
found in the study and other researchers identi-
fied common and repeated patterns of preventable
ADEs.

Johnston says the purposes of his study were
to (1) identify specific patient and clinical char-
acteristics associated with an increased risk of
sustaining an adverse drug reaction or medica-
tion error, collectively termed adverse events
and (2) identify factors or medication-use pro-
cess steps requiring further investigation.1

Professionals expected to report ADEs

During the study period, reporting of adverse
events was an expected professional activity. The
medical center has developed methods of reporting
adverse events including secure e-mail, telephone
reporting, paper reports, and secure reporting
through the CPOE (computerized physician order
entry) system. Education by the pharmacy and risk
management departments has centered on penalty-
free reporting. Severity of adverse events was
determined by the pharmacist who evaluated each
event that was reported. 

The study population included all patients
admitted to the medical center hospital between
January 1, 2000, and June 30, 2002. The initial data
for adverse events consisted of adverse event
reports maintained by the pharmacy. Some 84,021
admissions occurred during the study period. After
removing 23,708 duplicate admissions from the
control group, 59,531 were retained in that group
for the analysis. A total of 782 adverse events were
reported and included a combination of 83 adverse
drug reactions and 699 medication errors.
Medication errors that did not cause patient harm
and process errors that did not involve patients
were removed from the database, leaving 675
patients with adverse events to be included in the
analysis.

Analysis showed adverse events occurred in a
higher percentage of patients who were less than
one year old or at least 60 years old. A higher per-
centage of adverse events were reported in men
than in women, but the groups were not signifi-
cantly different when comparing those with an
adverse event and those without an adverse event.
Among the various races of patients involved, the
highest percentages of adverse events were
reported for whites and blacks. No significance
among races was found between the adverse event
and non-adverse event groups.

Evaluation of admission sources showed that a
doctor’s office, clinical referrals, and local hospi-
tal transfers accounted for higher rates of adverse
events than other sources and that patients
experiencing an adverse event were more likely
admitted from those sites. There were significant
differences between the control and adverse
event groups in the third party, Medicaid, and
Medicare patients.

Problems found in nine diagnostic groups

Nine diagnostic groupings evaluated were
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significantly different between the adverse
event and control groups — respiratory failure;
multiple myeloma; blood disorders; disorders
of fluid, electrolytes, or acids-bases; respiratory
distress syndrome; myeloid leukemia; pneumo-
nia; congestive heart failure; and aplastic ane-
mia. Medication groupings associated with a
large number of adverse events included anti-
neoplastics and blood formation and coagula-
tion agents.

Johnston says that when the findings from the
training set were compared with the validation
set, age, high-risk admission sources, and high-
risk insurance class were found to be important
risk factors for an adverse event. 

According to Johnston, previously published
case reports of ADEs have identified several
potential factors associated with a high rate of
ADEs, including female sex, age 40 to 69 years,
renal or liver dysfunction, and use of orally
administered medications. In many studies, he
says, the age group identified to be at highest
risk of an adverse event are those 15 to 60 years
old, reflecting the number of patients in the
study, the increased number of patients in that
age group who experience trauma or surgery,
and the increased rate of disease onset during
those years. However, he says, the Vanderbilt
data showed a very different pattern, with the
very young and the older patient populations
demonstrating an increased risk of adverse
events.

Also, relatively healthy and moderately ill
patients tended to exhibit a higher risk of sustain-
ing a significant adverse event than did sicker
patients. The drugs most commonly implicated 
in adverse events in other studies were central
nervous system agents, antimicrobials, antineo-
plastics, and cardiovascular agents, as well as
those requiring therapeutic monitoring. In other
studies, also, adverse events were reported to
occur more commonly in intensive care units
than in general care units, but this was not evalu-
ated in the Vanderbilt study.

Johnston tells Drug Formulary Review that
researchers were surprised not to find a greater
association between adverse events and newer
drugs, pediatrics, and oncology. “We have a
hunch that people report what they know other
people will accept,” he says. “It’s safe to report
something like morphine with respiratory dis-
tress. But if they report something new, they
need to take the time to explain and that might
make them less likely to do so.”

Three-year follow-up on tap

Using the key indicators and factors associ-
ated with adverse events gleaned from the study,
Johnson and colleagues will conduct a detailed
analysis of adverse events occurring in conges-
tive heart failure patients at Vanderbilt. “Over
three years, an education effort will be launched
for health care practitioners, advising them of the
factors associated with adverse events in this
group and soliciting their assistance to verify
these indicators and develop actions to avoid
them. Multiple measures will then be imple-
mented to prevent adverse events associated
with these indicators. Finally, these indicators
will be analyzed retrospectively to determine
what effect our efforts have had.”

Johnston says researchers still don’t think they
have good baseline information against which
comparisons can be made. He says steps must be
taken to make it easier to report adverse events,
including have terminals next to each patient.
“We need to know what happens before and after
and not just a snapshot,” he says.

According to Johnston, improving the rate of
adverse events requires that it become a high
priority at the institution, something he says
Vanderbilt is doing. “Part of the program is to
identify things that we have to work on to get
better,” he says. “We’re undertaking a three-year
improvement program.”

[Editor’s note: Contact Dr. Johnston at (615) 322-
0712 or e-mail phil.johnston@vanderbilt.edu.]
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California gives pharm
techs more responsibility
Move frees up pharmacists for pt care

Specially trained pharmacy technicians in
California may soon be employed in general

acute care hospitals to check medication cassettes
and the work of other technicians, thus freeing
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pharmacists to expand their patient care role. A
regulation allowing the change took effect January
5, 2007.

Approval of the regulation was based on
research conducted several years ago by Cedars-
Sinai Medical Center and the University of
California, San Francisco School of Pharmacy.
The study, conducted at Cedars-Sinai and Long
Beach Memorial Medical Center, demonstrated
the safety of having specially-trained technicians
check the work of other technicians to prevent
medication errors.1 A second study, completed in
2006, demonstrated the impact of pharmacists on
preventing medication errors during the time
they would otherwise have been performing non-
discretionary tasks.

“A number of studies have demonstrated the
value of pharmacists in reducing adverse drug
events in the hospital setting,” said principal inves-
tigator Rita Shane, Pharm.D., director of pharmacy
services at Cedars-Sinai. “One study showed that
hospitals with pharmacists in patient care areas
had a 45% decrease in medication errors overall
and a 94% decrease in medication errors that
adversely impacted patient outcomes. This regula-
tion will have a significant positive impact on the
practice of pharmacy in California by enabling
pharmacists to spend more time in direct patient
care activities designed to improve medication
safety. Hopefully this will assist other states who
are considering allowing technicians to check med-
ication cassettes as well.”

The 2002 study report, published in the
American Journal of Health-System Pharmacists,
noted that California required that unit dose medi-
cation cassettes filled by pharmacy technicians must
be checked by a pharmacist. It said pharmacists
spent one hour a day checking the cassettes, time
that competed with the increasing demand to pro-
vide clinical services and become more involved in
medication safety initiatives, in addition to dealing
with the increased complexity of hospitalized
patients and the shortage of pharmacists.

Waiver allowed study

The study was conducted under a waiver of reg-
ulations approved by the California State Board of
Pharmacy. Shane says it should be emphasized that
the process of filling and checking unit dose medi-
cation cassettes is preceded by pharmacist review
and verification of all medication orders. The phar-
macist evaluates the appropriateness of the medi-
cation, dose, dosage form, route of administration,

and frequency in the order and screens for drug
allergies, drug-drug interactions, and contraindi-
cations. A pharmacist also is responsible for dis-
pensing any initial medication doses needed
before the regularly scheduled unit dose cart
distribution.

Pharmacy technicians don’t evaluate the accu-
racy and appropriateness of medication orders.
Rather, they perform manipulative and nondiscre-
tionary functions only under pharmacist supervi-
sion. When filling a medication cassette with unit
dose medications, a technician reads a list of med-
ications (fill list) previously verified by a pharma-
cist, removes the unit dose medication from stock,
and places it in a patient’s cassette or medication
drawer. Next, a “checker” verifies the filled cas-
sette against the fill list to minimize the possibility
of errors before the medications are sent to the
nursing areas.

“It should be noted that nurses also check the
medication when removing it from a patient’s cas-
sette and confirm it with the medication adminis-
tration record (also reviewed and approved by a
pharmacist) before administering the medication
to the patient…,” Shane wrote. “Thus, a medica-
tion is triple-checked before it is administered to 
a patient.”

With study accuracy rates over 99%, Shane
said the study’s results appeared to support the
ability of well-trained technicians to accurately
check unit dose medications. In fact, she said,
there was a higher accuracy rate for technicians
than for pharmacists.

“The expansion of the technician’s role has
been shown to increase pharmacists’ productiv-
ity,” Shane said. “We estimated that pharma-
cists at each institution spent approximately one
hour per day per pharmacist checking unit dose
medication cassettes before the program was
implemented. In this experimental program, the
pharmacists were able to use this additional
time to expand clinical services and respond to
drug therapy-related requests from physicians,
such as dosing recommendations.”

Shane tells Drug Formulary Review there was
considerable opposition to the idea as the study
got underway, but that with the pharmacist
shortage, it’s important that pharmacists spend
their time on patient care instead of on work that
could be performed by trained technicians. 

Standards sought in Ohio

Meanwhile, in Ohio there have been calls for
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bills to establish standards for pharmacy techni-
cians following the February 2006 death of a two-
year-old girl who received an overdose of a saline
solution while being treated in a hospital. A techni-
cian at Cleveland’s Rainbow Babies and Children’s
Hospital allegedly prepared the girl’s chemother-
apy treatment with a 23% saline solution instead of
the typical mix of less than 1%. The mistake wasn’t
caught by the technician’s supervising pharmacist,
who resigned and faced a state Board of Pharmacy
disciplinary hearing. Pharmacy technicians in the
state are not regulated and the board has no power
to discipline them. Lawmakers said there should
be a requirement that technicians complete a two-
year training program or internship, pass a state or
national exam, and be licensed through the state
pharmacy board.

Reference 
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Pharmacists can be key
members of hospice teams
Role is more than just pallatative care

Hospice-based clinical pharmacists can influ-
ence patient outcomes positively by identi-

fying drug-related problems and recommending
appropriate drug therapy, according to research
conducted by two University of Maryland School
of Pharmacy pharmacists who worked with three
Maryland hospices.

Researchers Mary Lynn McPherson, Pharm.D.,
and Jerome Lee, Pharm.D., shared responsibility
for providing drug therapy recommendations to
the three hospice programs in the study. They col-
lected and evaluated 98 interventions and found
87 in which specific therapeutic goals were estab-
lished. Of the 87 interventions, 73 (84%) were
accepted by the prescriber and 56 (77%) of the 73
helped achieve the therapeutic goals. An addi-
tional six interventions (8%) partially achieved
the therapeutic goals. 

More than 75% of all the pharmacists’ recom-
mendations achieved their intended therapeutic
effect, resulting in better management of patients’

physical symptoms. None of the accepted recom-
mendations resulted in patient harm or the
patient experiencing an adverse effect. 

McPherson and Lee say that hospice programs
meet the total active needs of their patients by
assembling an interdisciplinary team of medical
professionals, social workers, volunteer coordina-
tors, and spiritual advisors who each lend expertise
in the total care of the patient. Because medications
play a large role in managing pain and other physi-
cal complaints during the terminal phase of life,
pharmacists can be an important part of the inter-
disciplinary hospice team. The researchers say the
role of pharmacists in improving patients’ quality
of life is very consistent with the hospice philoso-
phy—pharmacists ensure effective medication
management in several areas, including adminis-
trative, distributive, clinical, and educational.

While all hospice programs have a provider
pharmacist to dispense medications to patients
receiving hospice services, not all hospice pro-
grams have a clinical pharmacist as a team mem-
ber. The researchers say that a growing body of
evidence demonstrates the economic and clinical
benefits of pharmacy in healthcare and thus it
would be reasonable to take advantage of the ser-
vices that pharmacists can provide to hospice and
palliative care programs. But there have been
very few structured, prospective studies docu-
menting benefits of pharmaceutical care interven-
tion in hospice.

Focus on palliative care

Those studies that have been done, the authors
say, focused on palliative care through clinical
pharmacy interventions in inpatient and clinical
settings, and none of them focused on document-
ing interventions made by clinical consultant
pharmacists working with a home-based hospice
program. Thus, the purpose of the study con-
ducted by McPherson and Lee was to (1) capture
and describe drug-related problems encountered
in practice, the recommended intervention to
resolve those problems, and the outcome of the
recommendations; (2) develop a tool to evaluate
drug-related problem severity and the value of
the intervention; and (3) assess the interrater reli-
ability of the tool by evaluating the data cap-
tured in the first part of the study. “This
descriptive study is the first step in demonstrat-
ing whether pharmaceutical care recommenda-
tions made by clinical pharmacists on the
hospice team are of value and enhance patient
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outcomes,” the authors say.
They report that more than 75% of all the

pharmacists’ recommendations achieved their
intended therapeutic effect, resulting in better
management of patients’ physical symptoms.
“These findings clearly suggest that clinically
trained hospice pharmacists can effectively
identify and appropriately manage drug-related
problems,” they conclude. “The high level of
acceptance of the pharmacists’ recommenda-
tions demonstrates that the interdisciplinary
team members and primary care providers rec-
ognize the ability of pharmacists to provide
responsible, accurate, and appropriate pharma-
ceutical care to the hospice patient. None of the
accepted recommendations resulted in the
patient coming to harm or having an adverse
event.”

McPherson tells Drug Formulary Review she
went into the research knowing that she and
Lee would do well. “One thing pharmacists
bring to the table is that we can back up what
we recommend,” she says. “A lot of prescribers
are uncomfortable with dosing.”

She says that while every hospice must have
a pharmacist, they often are simply dispensing
medications. For that role to change and
become more involved with clinical interven-
tions, she says, schools of pharmacy need to
increase their content on end-of-life issues. In
addition, pharmacist continuing education
needs to address hospice quality assurance
measures.

It’s a difficult situation, she says, to provide
medications for the primary diagnosis and tell a
family that their loved one has passed the point
that drug therapy is needed and instead has
reached the point where comfort is the goal.
Families need to know, she says, when adminis-
tering drugs is no longer worth it and may in
fact increase risk.

“Pharmacists are great at revisiting drug ther-
apy goals,” she says. “We tell the nursing staff
that each drug should have a therapeutic goal
and that the goal is likely to change over time.”

[Editor’s note: Contact Ms. McPherson at (410)
706-3682 or e-mail mmcphers@rx.umaryland.edu.]
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ACCP promotes new vision
of widespread certification
Financial challenges must be overcome

The American College of Clinical Pharmacy
(ACCP) is working to bring to reality its

vision that in 20 to 30 years, most clinical phar-
macy practitioners will be board-certified spe-
cialists. A White Paper released late in 2006
developed a rationale for the vision, described
specialty board certification in pharmacy, and
made recommendations for attaining the vision.

The White Paper says there is debate within
the pharmacy profession over who should be
required to receive specific credentials. Several
types of credentials are voluntarily sought by
pharmacists to demonstrate specialized skills
and knowledge. Credentials in pharmacy can be
obtained through a variety of ways. For exam-
ple, according to the paper, they can be acquired
through receipt of a certificate after completion
of a lengthy and targeted disease state-specific
continuing education program, or through the
rigorous examination process required to become
board certified by the Board of Pharmaceutical
Specialties (BPS).

In 1976, the American Pharmaceutical
Association established the BPS to grant spe-
cialty certification to qualified pharmacists. Five
specialty practice areas have been established
— nuclear pharmacy, nutrition support, phar-
macotherapy, psychiatric pharmacy, and oncol-
ogy pharmacy. Each of the five specialties
shares the BPS core mission to improve health
through recognition and promotion of special-
ized training, knowledge, and skills in phar-
macy. As of December 2005, more than 5,000
pharmacists were BPS certified.

ACCP says the value of BPS certification is
seen on many levels. Although the fundamental
intent of certification has been to enhance patient
care, board certified pharmacists have experi-
enced personal and professional benefits. They
believe certification increases their marketability
and acceptance by other healthcare profession-
als, improves feelings of self-worth, and differ-
entiates them from general practice pharmacists.
In addition, some board-certified pharmacists
report receiving financial rewards, including
salary increases, job promotion, bonus pay, and
direct compensation for services.
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Pharmacists will have different training 

ACCP suggests that as pharmacy education
continues to evolve, in 20 to 30 years there will be
a critical mass of graduating pharmacists who
have the foundational knowledge and skill
needed to provide direct patient care. At that
time, it says, the professional degree program
will be designed to prepare graduates for entry
into residency training, if they intend to pursue a
career as a patient care provider. Residency train-
ing will be required of graduating pharmacists
who provide direct patient care and will consist
of professional experiences with real accountabil-
ity for providing care.

“Hence, graduate pharmacists will be educated
and trained within a burgeoning healthcare cul-
ture that more fully recognizes and understands
clinical pharmacy,” the white paper said. “Board
certification will be incorporated into the vision,
commitment, and fortitude of the profession.”

ACCP said board certification of clinical phar-
macy practitioners should be used as a marker of
quality because it is an indicator of an individ-
ual’s knowledge at a predefined level that has
been rigorously validated. It said that supports
the rationale for using the established BPS mech-
anism as a quality indicator for pharmaceutical
care. And the rationale is further supported by
the premise that individuals who pass a BPS
examination have and should be able to apply a
broad range of knowledge that includes patient-
specific pharmacotherapy, mechanisms for the
interpretation and dissemination of knowledge,
and health system-related information.

According to ACCP, several factors need to be
considered as pharmacists move into roles as
providers of clinical pharmacy services. First, most
other healthcare professionals who are considered
providers of direct patient care are required to be
board certified and are expected to maintain their
credentials. Second, recognition of the pharmacist
as a provider may influence reimbursement for
cognitive services. Third, pharmacists in advanced
practice roles have increased professional liability
as a consequence of providing clinical services.

And a standardized system of credentialing, such
as BPS certification, may provide a mechanism to
address these concerns.

The white paper listed financial barriers to
achieving the vision, including the lack of depen-
dence on compensation for clinical pharmacy ser-
vices on BPS certification. Payers have not yet used
board certification as a criterion for compensation,
the paper said, and while it may not be the sole
criterion for compensation eligibility, it should
be used as a defensible means of demonstrating
advanced knowledge in pharmacotherapy.
Employers are not yet universally requiring clinical
pharmacy practitioners to be board certified. But if
employee compensation were affected by certifica-
tion status, the barrier would be diminished.  ■

New tool can assess
drug interaction factors
`DIPS’ scale can help assess causality 

Clinicians, authors, and medical journals are
able to use a newly developed Drug

Interaction Probability Scale (DIPS) to objectively
assess causality in drug interaction cases. The scale
was developed by recognized drug interaction
experts John Horn, Pharm.D., Philip Hansten,
Pharm.D., and Lingtak-Neander Chan, Pharm.D.,
of the University of Washington, and was pub-
lished in the April 2007 issue of The Annals of
Pharmacotherapy.

The authors say the DIPS uses a series of
yes/no questions to yield a score estimating the
likelihood that an interaction occurred. The scale
consists of 10 questions on specific patient factors,
the pharmacologic properties of the two suspected
drugs, and the possible role of other drugs the
patient is taking. Points are added or subtracted
based on the answers given. Affirmative responses
generally add to the probability that the observed
event was caused by an interaction, while negative
responses generally reduce the probability.

May 2007 / DRUG FORMULARY REVIEW 39

■ Assessing
adverse events in
a tertiary care
medical center

■ Documenting
pharmacist
interventions via
PDA

■ Drug-related
hospitalizations

■ Survey of
pharmacist drug
therapy
management

■ Pharmacists
exercising their
right of conscience

■ Telepharmacy at
a critical access
hospital

COMING IN FUTURE MONTHS



They say one of the most challenging aspects of
presenting or evaluating a case report of an
adverse drug reaction is assessing causation for the
observed events. In 1981, earlier researchers pre-
sented a scale to estimate the probability that an
adverse reaction was caused by the drug in ques-
tion. Also, a number of other methods to evaluate
adverse drug reaction causality have been pro-
posed. But those scales were not intended to apply
to interactions between two drugs, and no stan-
dard for objectively assessing drug interactions has
emerged until now.

The resulting DIPS probability score is not abso-
lute, the authors caution, and may vary among
patients because each will respond differently and
have different confounders. But the DIPS may help
identify potential interactions and guide their fur-
ther study. Using the scale, Horn and his colleagues
say, can assist clinicians in understanding the sig-
nificance of a drug interaction in patient care and
stimulate research on drug interactions to improve
medication safety.  ■

Many revisions in drug
information compendium

The 2007 edition of the AHFS Drug Information
compendium published by the American

Society of Health-System Pharmacists contains 28
new monographs and thousands of revisions,
including updates of major cautionary informa-
tion from FDA’s MedWatch and important new
clinical guidelines. Among the new guidelines are
recommendations for routine vaccination of pre-
adolescent girls against human papillomavirus
infection to help prevent cervical cancer, an
updated comprehensive review of the risk of car-
diovascular events associated with using NSAIDs,
and recommendations for universal immuniza-
tion against rotavirus in infants and young chil-
dren beginning at two months of age. ASHP says
a wholly independent staff of drug information
pharmacists and other professional editorial and

analytical staff thoroughly research content for
the compendium. Each monograph goes through
a rigorous evaluation process, backed by more
than 70,000 uniquely cited references and 500,000
references to primary literature, including
research findings, therapeutic guidelines, and
FDA-approved labeling.  ■
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In the past decade, there has been a marked
decline in research aimed at developing novel

antibiotic agents, but a noticeable increase has
occurred in the resistance of bacteria to current
agents. 

Though the pharmaceutical industry owes
much of its early prosperity and growth to the
discovery and marketing of antibiotics, major
manufacturers are reducing, and in some cases,
halting their efforts and funding in the fields of
antibacterial research and development.1 However,
one shouldn’t be so quick to point a finger solely at
“big Pharma”; seemingly little urgency, on behalf
of the research community, the Food and Drug
Administration (FDA), political leaders, and gen-
eral public, is being placed on the matter. Many
of these groups assume the view that there is no
compelling drive to address antibiotic-resistant
bacteria with new agents.2

In the U.S., methicillin-resistant Staphylococcus
aureus accounts for the majority of hospital-
acquired S. aureus infections. Although two drugs
(linezolid and tigecycline) have emerged lately to
battle resistant gram-positive organisms, sparse
attention is being given to multi-drug resistant
gram-negative bacteria such as Pseudomonas,
Stenotrophomonas, and Acinetobacter. The previously
mentioned bacteria accompanied by extended spec-
trum beta-lactamase producing E. coli and Klebsiella,
vancomycin-resistant Enterococcus faecium, and
Aspergillus species comprise the Infectious Disease
Society of America (IDSA) “hit list” of multi-drug
resistant organisms that pose a threat to public
health.3 In 2004, the U.S. Congress appropriated
$890 million for “Project Bioshield” to encourage
the private sector pharmaceutical manufactures to

develop vaccines, drugs, and other bio-terror coun-
termeasures.  More action has been proposed by
IDSA, in the form of “Bioshield II”, to spark devel-
opment of drugs to protect the public against natu-
rally occurring “super bugs”. Americans are more
likely to be infected by a naturally occurring organ-
ism than they are to be threatened with a bio-ter-
rorism agent.4 Complacency towards antibiotic
development may transform  ever-increasing
organism resistance from the annoying hum of 
a mosquito in the ear, into the thundering gallop
of the pale steed of the Apocalypse, on which is
riding Pestilence.2

Antibacterial market has lost buoyancy

Lurking in the depths of any highly discussed
issue, inevitably, is money.  Antibiotic usage contin-
ues to escalate, but the market size remains stag-
nant. The pharmaceutical industry is continually
being burdened with increasing costs for each drug
brought to market. It is estimated that around $100
to 800 million are spent researching, developing
and marketing a new product; this figure excludes
the liability to which private producers are exposed.
Several aspects of antibiotics segregate them from
other drug products in terms of return on invest-
ments. These divisions may explain, in part, why
the antibacterial market is far less lucrative.

• Antibiotics work very efficiently. In fact,
they work so well that their duration of use is
much shorter than many other drugs, thus they
have a smaller market than drugs used to treat
chronic conditions.

• As resistance to the antibiotic is expressed,
the agent becomes no longer viable in therapy.

Antibiotic Agents: A drought in discovery
Resistance is rising amid decline in research and development 

By Derek D. Gatlin, PharmD candidate Samford (AL) University, McWhorter School of Pharmacy



Thus long-term market potential is stifled.
• Infectious disease experts judiciously govern

the use of new antibiotics in efforts to preserve
effectiveness of such agents for those who need
them most; quite a sensible approach from a pub-
lic health standpoint. But, restrictions on use
dampen incentives for companies to develop and
market new entities.

• To be economically attractive, an antibiotic
should have a wide spectrum of action. Along with
this, are an additional “burden of proof” and a
more rigorous set of criteria for FDA approval. The
“patent clock” begins ticking as soon as the drug
reaches the development stage, and each day the
drug is not on the market is money lost.5,6

Legislative recommendations proposed by the
IDSA include offering tax credits for research and
manufacturing expenses, directing the FDA in
clarifying and streamlining clinical trial phases,
and awarding vouchers for FDA fast-track review
to the companies that develop a product directed
at a “hit list” organism.1,3,5,7

An ethical dilemma

In a time when bacterial resistance to antibacte-
rial drugs is widely considered to be a critical issue
affecting public health, only 13 new antibiotics
(only two of which are truly novel) have been FDA
approved since 1998.3 Due to market pressure by
generic companies, longer approval processes, and
the enormous cost of bringing drugs to market,
“big Pharma” is making few attempts to improve
this statistic. Our society is faced with certain ethi-
cal dilemmas: Do we value the ability of private
companies to develop and administer antibiotics to
benefit their interests more highly than we value
the benefit that the public would realize from their
development and judicious use? Should market
forces, public interest, or a hybrid of the two gov-
ern production and use of antibacterials? And, who
should pay?6

With that stated, progress is being made on
behalf of public health officials, clinicians, and the
pharmaceutical industry. If these groups can com-
promise and cooperate on the above-mentioned
issues, a positive projection may be made toward
anti-infective development over the next 10 years.
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Telbivudine Formulary
Evaluation

By James M. Davis, Pharm. D. candidate
Auburn (AL) University, Harrison School of
Pharmacy

[Editor’s note: This is the conclusion of a two-part
formulary evaluation of telbivudine. It is being com-
pared with entecavir, a newer drug for similar use.
Please see the first part of this evaluation in the April
2007 issue Drug Criteria & Outcomes] 

Warnings and Precautions:
Tyzeka™ (telbivudine):

Black Box Warnings:
• Lactic acidosis and severe hepatomegaly

with steatosis, including fatal cases have been
reported with the use of nucleoside analogues
alone or in combination with antiretrovirals.

• Severe acute exacerbations of hepatitis B
have occurred in patients who have discontinued
therapy; therefore, liver function tests should be
monitored in these patients. 
Baraclude™ (entecavir):

Black Box Warnings:
• Lactic acidosis and severe hepatomegaly

with steatosis, including fatal cases have been
reported with the use of nucleoside analogues
alone or in combination with antiretrovirals.

• Severe acute exacerbations of hepatitis B
have occurred in patients who have discontinued
therapy; therefore, liver function tests should be
monitored in these patients.
Tyzeka™ (telbivudine):
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Precautions:
• Discontinuation of treatment may result in

an acute exacerbation of hepatitis.
• Patients predisposed to or taking

concomitant therapy that increases risk for myopa-
thy should be monitored since risk with telbivu-
dine therapy is unknown.

• Co-infection with hepatitis C, D, and HIV or
patients with alcohol and drug abuse in the previ-
ous two years safety and efficacy of therapy is
unknown.
Baraclude™ (entecavir):

Precautions:
• Discontinuation of treatment may result in

an acute exacerbation of hepatitis.
• Efficacy and safety in liver transplant patients

has not been established.
Tyzeka™ (telbivudine):

Pregnancy Category: B
Baraclude™ (entecavir):

Pregnancy Category: C
Tyzeka™ (telbivudine):

Potential Look-alike/Sound-alike Errors: Taztia
XT™, telmisartan, Tiazac®, tenofovir, Terak™,
Tarceva™, Tazicef®, Trizvir®

Baraclude™ (entecavir):
Potential Look-alike/Sound-alike Errors: Baricon™,

Barobag®, barium, entacapone, Epivir®

Monitoring:  
Tyzeka™ (telbivudine):

Renal: Serum creatinine 
Hepatic: ALT, AST 
Other: Physical exams, CBC, signs and symp-

toms of hepatotoxicity, lactic acidosis, rhabdomyol-
ysis or myalagias, and Hepatitis antigen and DNA.
Baraclude™ (entecavir):

Renal: Serum creatinine
Hepatic: ALT, AST
Other: Physical exams, CBC, signs and symp-

toms of hepatotoxicity, lactic acidosis, and Hepatitis
antigen and DNA.

Clinical Studies:  
(study is not published in final form)
Lai CL, Gane E, Hsu CW, et al. Two year results

from the GLOBE trial in patients with hepatitis B:
greater clinical and antiviral efficacy for telbivu-
dine (LDT) vs. lamivudine. Hepatology. 2006; 44(4
suppl1):22A. and GLOBE Study NV-02B-007 Data
on file with NOVARTIS pharmaceuticals. 

Study Design:  
Phase III, randomized, double-blind, multi-

center, multinational trial to compare efficacy and
safety of telbivudine 600 mg daily to lamivudine
100 mg daily. 

Methods: 
1367 patients with chronic hepatitis B with evi-

dence of compensated hepatic function and nucleo-
side naïve were randomized to treatment groups
noted above, HBeAg (+) and (–) and ALT levels >
or < 2.5 x ULN were stratified into different groups.
Patients received treatment for a total of 104 weeks
with outcomes measured at 52 weeks and 104
weeks.

Inclusion criteria:  
• HBsAg (+) (for longer than six months)
• HBV DNA greater than six log copies/mL

(COBAS PCR assay)
• ALT = 1.3 to 10 times ULN
• Compensated Liver Disease evidenced on

biopsy at baseline and outcomes assessed via a
Knodell inflammatory score comparison at 52
weeks.

Exclusion criteria: (not complete with current
information available)

Results:  
Therapeutic response (HBV DNA suppression (<5

log10), HBeAg loss or ALT normalization): 61% LDT
vs. 47% lamivudine for HBeAg (+), 74% LDT vs.
62% lamivudine for HBeAg (-). 

May 2007 / Supplement to DRUG FORMULARY REVIEW ™ 3

Drug product Cost/Day

Tyzeka™ (telbivudine) 600 mg $16.23/day

Baraclude™ (entecavir) 0.5 mg & 1 mg $23.68/day

Baraclude™ (entecavir) .05 mg/mL oral solution $21.34/day for 0.5 mg dose or
$42.69/day for 1 mg dose*

Hepsera™ (adefovir) 10 mg $19.34/day

All daily figures for cost assume normal renal function with no dose adjustments required
*Figures for daily cost is calculated on a per mL cost



These results appear primarily due to mean
HBV DNA decreases and HBeAg loss being
greater in the LDT group, with LDT providing
some advantage in ALT normalization.

Histologic: Data not reported in this prelimi-
nary data release.

Resistance: Significantly higher with lamivu-
dine group with resistance and virologic rebound
present in both treatment groups for HBeAg (–),
no resistance data for HBeAg (+) currently. 

Authors Conclusion:  
Telbivudine shows superior antiviral activity

in comparison to lamivudine throughout a two
year treatment period with improved mainte-
nance of clinical efficacy.

Strengths:
• Strong study design
• Large patient population
• Standard assessment for outcomes
• Standard doses, and length of therapy

applied

Weaknesses:
• Study currently not complete
• Statistics lack explanation at this point 
• Patient population not well defined

Recommendations:
Clinical experience and decreased cost with ade-

fovir should make it first line therapy; entecavir is
an attractive alternative, with telbivudine recom-
mended as a third line agent with formulary status.
Therapeutic substitution is not suggested in this
class of agents; therefore, telbivudine is recom-
mended to be available in limited quantities for use
in patients admitted while currently taking this
medication. 

Clarification 

The article on NovoSeven® , which is
approved for uncontrolled bleeding episodes 
in hemophiliacs, in the April 2007 issue of Drug
Criteria & Outcomes should have included the
following information about drug cost: “The
cost of the drug depends on the weight-based
dose; generally, for one dose the cost ranges
from $2500 - $4000. Due to the high expense of
the drug, NovoSeven® use should be limited to
specific patients with severe/life threatening
bleeding, where other methods of controlling
the bleeding have been unsuccessful.”  ■
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Pharmacists participate in this continuing educa-
tion program by reading the article, using the

provided references for further research, and study-
ing the CE questions. Participants should select
what they believe to be the correct answers. 

Participants must complete a post-test and
evaluation form provided at the end of each
semester (June and December) and return them
in the reply envelopes provided. A statement of
credit requires a passing score of 70% or higher.
When a passing test and evaluation form are
received, a statement of credit and answer guide
will be mailed to the participant. 
This CE program will improve participants' ability to:
• Compare the clinical efficacy and safety of one

therapeutic agent over another used in the same
setting. 

• Assess clinical trial data and explain how the
results influence formulary decision making. 

• Perform cost-effectiveness analyses. 

17. Which of the following is on an Infectious Disease
Society of America “hit list” of multi-drug resistant
organisms that pose a threat to public health? 

A. methicillin-resistant Staphylococcus aureus
B. Klebsiella
C. vancomycin-resistant Enterococcus faecium
D. All of the above

18. As resistance to an antibiotic is expressed and the
agent becomes less viable in therapy the drug’s
long-term market potential is stifled.

A. True
B. False

19. Thirteen new antibiotics have been FDA approved
since 1998, but how many of those are truly novel? 

A. two
B. six
C. 10
D. all 13

20. Telbivudine showed superior antiviral activity in
comparison to lamivudine throughout a two year
treatment period with improved maintenance of
clinical efficacy.

A. True
B. False 

CE Questions
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