
Applying Pharmacokinetic and
Pharmacodynamic Principles 

to Meropenem
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Comparison of 2 meropenem dosing regimens, 500 mg q
6 h and 1000 mg q 8h, found that the resultant pharmacokinetics

and pharmacodynamics were equivalent.

Source: Kuti JL, et al. Economic benefit of a meropenem dosage strategy
based on pharmacodynamic concepts. Am J Health Syst Pharm.

2003;60:565-568. 

Meropenem (merrem) was approved in 1996 for the
treatment of a variety of infections. It has both Gram-positive

and Gram-negative activity including against Pseudomonas aerugi-
nosa. Similar to other β-lactam antibiotics, meropenem displays
time-dependent or concentration-independent killing. The optimal
dosing strategy is therefore to maximize the duration above the MIC
for susceptible organisms. For meropenem, bacteriostatic effects
were observed when drug concentrations remained above the MIC
for at least approximately 30% of the dosing interval. 

Given this information, Kuti and associates postulated that
meropenem dosing of 500 mg every 6 hours may achieve similar
pharmacokinetic and pharmacodynamic results when compared to
meropenem dosing of 1000 mg every 8 hours. To confirm this,
Monte Carlo simulation1 was performed. This is an acceptable
method of obtaining dosing comparison data by taking into account
patient variability and using published pharmacokinetic data. 

To ensure that the above analysis would apply to all susceptible
organisms, Kuti et al chose to study Staphylococcus aureus, which
has an MIC of 4 mcg/mL. This would represent the “worst-case”
scenario. The results of the analysis showed that meropenem dosing
of 500 mg every 6 hours achieved a percent time above the MIC of
44, while meropenem dosing of 1000 mg every 8 hours achieved a
value of 46. Additionally, meropenem dosing of 1000 mg every 6
hours achieved a percent time above the MIC of 61, while meropen-
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em dosing of 2000 mg every 8 hours achieved a value of
58. From these data Kuti et al concluded that the com-
pared regimens were essentially equivalent and made
the appropriate recommendation at Hartford Hospital to
use the more frequent dosing scenarios. In the case of
meropenem dosing of 500 mg every 6 hours vs 1000 mg
every 8 hours, the former regimen was shown to save
approximately $38.64 per day, due to less drug being
administered. Kuti et al did take into account the addi-
tional supply costs associated with 4 vs 3 doses daily.

■■ COMMENT BY THOMAS G. SCHLEIS, MS, RPh
The application of pharmacokinetic and pharmacody-

namic principles has changed the way in which we now
administer many different antibiotics. The observation that
aminoglycosides exhibit concentration-dependent killing,
as well as have a post-antibiotic effect against many organ-
isms, has resulted in a change from dosing 3 times daily to

once daily. This change has resulted in a therapy that is
safer and more cost effective, convenient, and efficacious. 

Another interesting example is vancomycin. With van-
comycin, a number of pharmacokinetic and pharmacody-
namic principles need to be considered. Vancomycin
exhibits time-dependent killing and theoretically would
be best administered as a continuous infusion. Although
there have been some studies using continuous infusion,
the findings have been equivocal.3-6 In fact, the long half-
life of vancomycin, especially in the elderly or patients
with renal impairment, becomes the predominant phar-
macokinetic principle. This allows for once- or twice-
daily dosing. Even with such infrequent dosing, it appears
that concentrations above the MIC of susceptible organ-
isms are maintained for most of the dosing interval.2

The beta-lactam antibiotics exhibit time-dependent
killing, and it has been suggested that they are best admin-
istered as a continuous infusion instead of the more tradi-
tional 4-6 doses daily. In some instances, the total daily
dose of antibiotic can also be lowered while achieving the
same, or even superior, efficacy.2 While meropenem
would fit in this category, continuous infusion is not prac-
tical given its short stability time once mixed.

Taking into account these dramatic changes in dosing
strategies that have occurred by applying pharmacoki-
netic and pharmacodynamic principles, it is not a great
leap of faith to accept the argument presented in this
article. The only question is whether the savings are suf-
ficient to offset the additional burden of extra doses of
drug being administered. This was not figured into the
cost comparison, as it was felt to be a fixed staffing cost
while not representing a significant additional burden. 

In the outpatient setting the reverse would be true. The
proposed change to 4 doses daily could actually result in
less reimbursement for the provider and greater inconve-
nience to the patient. This is a case where the priorities
regarding drugs administered in the hospital setting may
not apply when considering outpatient administration. 

Finally, on a theoretical note, there may be an
instance where the preferred dosing strategy of
meropenem would be the higher doses given less fre-
quently. Since the bacteriocidal concentrations of
meropenem are typically 1-2 times the bacteriostatic
concentrations, there could be a situation where a higher
dose would achieve bacteriocidal levels and a lower
dose would not, but this would certainly be difficult to
determine under normal clinical situations.

Editor’s Note: Administration of meropenem infu-
sions over 3 hours also improves the likelihood of main-
tenance of drug levels above the MIC of susceptible
pathogens for at least 40-50% of the dosing interval.
(2002 ICAAC Abstract A-1388). ■
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Society for Healthcare 
Epidemiology of America
Meeting Coverage
The following is an overview of some presentations at
the annual meeting of the Society for Healthcare Epi-
demiology of America. — Robert Muder, MD

E faecium

At the Montefiore Medical Center in New York City, the
prevalence of Quinupristin/Dalfopristin (Q/D)-resistant E
faecium isolates increased from 8.3% in 2000 to 18.4% in
2001. Fifty-seven percent of Q/D resistant isolates were
resistant to Q/D alone; 25% of these appeared to be com-
munity acquired. There was poor correlation between
usage rates of Q/D, clindamycin and macrolides, and the
rate of Q/D resistance. Only 16% of patients appeared to
have acquired Q/D resistance during Q/D therapy (Daoura
NJ. Investigation of the determinants of quinupristin-dalfo-
pristin resistance among Enterococcus faecium isolates at a
single medical center in NYC. [Abstract 55]).

Comment
This report raises the possibility of the widespread

occurrence of Q/D resistance in E faecium independent
of antimicrobial usage. The clinical implication is that
Q/D susceptibility should not be assumed, and appropri-
ate antimicrobial susceptibility testing should be per-
formed when using Q/D to treat E faecium infection.

Sepsis Due to Contaminated Endoscopes 

Two patients became bacteremic with a cefotaxime-
resistant E coli after undergoing endoscopic retrograde
cholangiopancreatography (ERCP). Because cefotaxime
resistance was rare in the facility, Arends and colleagues
undertook an investigation. Both patients underwent the
procedure with the same ERCP-duodenoscope. The sur-
veillance cultures taken after the endoscope left the
automated disinfector were negative; however, a subse-
quent culture taken by reverse flushing of the fluid
through the endoscope grew cefotaxime-resistant E coli.
The clinical and endoscope isolates were identical by
PFGE. Cultures obtained by reverse flushing of addi-
tional endoscopes yielded other pathogens, including
Staphylococcus aureus, Enterobacter cloacae, E fae-
calis, and Candida parapsilosis (Arends JP, et al. Sepsis
with a cefotaxime-resistant E coli related to a contami-
nated endoscope: Failure of routine cultures to detect the
problem [Abstract 76]). 

Three patients developed infection due to multidrug-
resistant P aeruginosa following ERCP. The same endo-
scope had been used on all 3. Although cultures of the
endoscope were negative, all 3 clinical isolates were
identical by PFGE. No additional cases occurred after
the implicated device was removed from service (Fraser
TG, et al. An outbreak of multidrug-resistant
Pseudomonas aeruginosa after ERCP: Successful con-
trol due to rapid assistance from the molecular epidemi-
ology lab. [Abstract 77]).

Comment
Cholangitis and bacteremia are known complications

of ERCP. An isolated case of Gram-negative biliary infec-
tion after ERCP would typically not point to an infection
control issue. In each of these 2 outbreaks, the endoscope
was suspected due to the occurrence of multiple cases of
infection with organisms with unusual antimicrobial sus-
ceptibility patterns. In neither outbreak could the investi-
gators identify any break in technique or malfunction of
the endoscope or disinfecting equipment. These outbreaks
point to the difficulty in adequately disinfecting endo-
scopes used for ERCP. The occurrence of multiple cases
of infection in patients undergoing ERCP warrants a
microbiologic and epidemiologic investigation to deter-
mine if contaminated endoscopes are the source. 



MRSA

Although S aureus has been cited as a cause of antibi-
otic-associated diarrhea (AAD), it is seldom recognized
by clinicians. Boyce and colleagues investigated the
possible role of MRSA in causing AAD. They defined a
case of MRSA-ADD as a patient with 1 or more stool
specimens with heavy growth or MRSA, few if any nor-
mal flora, no growth of enteric pathogens, and 1 or more
negative assays for Clostridium difficile toxin. They
identified 13 case patients; all had received previous
antimicrobials, and 92% had received fluoroquinolones.
Patients experienced 4-11 loose stools daily. Eleven of
the cases had more than 1 negative assay for C difficile
toxin (range, 2-7). Quantitative stool cultures from 2
patients yielded > 108 colony-forming units per gram of
stool. Nine of the 13 MRSA isolates were identical by
pulse-field gel electrophoresis; all of the 9 produced
staphylococcal enterotoxins A and/or B. Of the remain-
ing 4 isolates, 1 produced enterotoxin D, and the rest
were enterotoxin negative (Boyce JM, et al. Nosocomial
antibiotic-associated diarrhea caused by methicillin-
resistant Staphylococcus aureus [Abstract 270]).

Comment
While not proving causation, this study suggests that

enterotoxin-producing MRSA may be a relatively com-
mon cause of C difficile-negative ADD. Clearly, more
clinical and epidemiologic investigation into the possi-
ble role of MRSA in causing ADD is warranted.   ■

Focus on Fungal Infections
Meeting Coverage
The following is a brief and selected overview of presenta-
tions at the Focus on Fungal Infections conference in
Maui, Hawaii, March 19-21, 2003. — Stan Deresinski,
MD, FACP

Training in Clinical Mycology

William Steinbach reviewed the current state of train-
ing in medical mycology—not an encouraging picture.
At a time when the average age of clinical mycologists
is reaching toward the stratosphere and the demand for
their services is increasing, the amount of time devoted
to the subject in medical school is low and decreasing.
As an example, only 18% of schools offered a lecture
devoted to antifungal therapy.

Clinical Mycology Laboratory

Mahmoud Ghannoum of Case Western Reserve Uni-
versity addressed the usefulness of a modern fungal
clinical laboratory to the clinician, given the emergence
of pathogens with increasing antifungal resistance and
the introduction of new therapeutic agents. Because of
the relatively predictable resistance of some fungal
species to some antimycotic agents, species identifica-
tion of many pathogens is increasingly important. It
was recommended that indications for antifungal sus-
ceptibility testing include Candida species recovered
from sterile sites, which should be tested against flu-
conazole or flucytosine. In addition, the following test-
ing should be performed in the face of clinical failure of
initial therapy:

a) Candida species and amphotericin B,
b) Cryptococcus neoformans and fluconazole, flucytosine, 

or amphotericin B, and
c) Histoplasma capsulatum and fluconazole.
James Ito examined the prospects for vaccine pro-

tective against invasive aspergillosis in high-risk
patients.

Later in the meeting, Jan Patterson illustrated issues
related to clinical decision-making in the use of suscep-
tibility testing.

Newer Diagnostic Tests

Kieren Marr discussed the use of newer techniques
for the diagnosis of invasive aspergillosis. These include
the detection of circulating (1,3)-β-D-glucan by a limu-
lus amoebocyte lysate assay, genome detection by PCR,
and detection of galactomannan by ELISA. Some Euro-
pean studies of the BioRad galactomannan assay, cur-
rently under consideration by the US FDA, reported sen-
sitivity and specificity each greater than 90%. Studies in
the United States and at least 1 French study have, how-
ever, reported less favorable results. In the latter, the sen-
sitivity in definite cases of invasive aspergillosis in can-
cer patients was 65%, the specificity was 95%, and the
positive and negative predictive values were 58% and
85%, respectively (J Clin Oncol. 2002;20:1898-1906).
Separately, in a poster presentation, it was reported that
the sensitivity of this assay in children with aspergillosis
was only 50% (7 of 14), but its specificity was 98.4%.
Some of the variability in test performance is the result
of the varying populations studied, as well as the cutoff
used in determining ELISA positivity. Furthermore, it
has been reported that the presence of circulating anti-
bodies against Aspergillus antigen reduce the sensitivity
of the antigen test.
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Antifungal Prophylaxis

It was reported, in a poster presentation, that corticos-
teroid therapy (> 2 mg/kg/d for > 7 days) was associated
with an increased risk of breakthrough fungal infection
during secondary antifungal prophylaxis. 

The safety and tolerability of aerosolized administra-
tion of amphotericin B deoxycholate and ABLC as pro-
phylaxis against pulmonary fungal infections were com-
pared in a randomized trial in lung transplant recipients;
ABLC was better tolerated. Recipients of conventional
amphotericin were more likely than recipients of ABLC
to experience an adverse effect (OR 2.16, P = .02). Dis-
continuations due to drug intolerance occurred in 6% of
the former and 12% of the latter (P = .313). No cases of
fungal pneumonia occurred in either group during the 7-
week period of prophylaxis. John Perfect, in reviewing
these results, as well as the overall Duke experience,
concluded, “Although multicenter studies will be needed
to determine efficacy results, it is our impression that
aerosolized polyenes are safe and associated with a low
rate of pulmonary fungal infections.”

Candidiasis

Ben de Pauw provided his perspective on early pre-
emptive therapy for invasive candidiasis. Marcia Nucci
examined the need for routine removal of venous
catheters in patients with candidemia, recapitulating
material from their recent publication (Clin Infect Dis.
2001;33:1959-1967). In essence, he suggested that
catheters may be retained in some cases in the absence
of associated tissue infection or of severe neutropenia,
under circumstances in which removal is not possible
and the patient is not severely septic.

In vitro studies found that, consistent with previous
studies indicating the interaction between the ergosterol
synthesis pathway, the calcineurin pathway, and fungal
viability, both terbinafine and fenpropimorph were syn-
ergistic with either cyclosporin or FK506 against C albi-
cans.

In an open trial, micafungin therapy was successful in
the primary treatment of 60 of 68 (88%) patients with
candidemia and in the salvage therapy of 39 of 51 (76%)
patients.

Two patients with endovascular infection (endocardi-
tis, septic subclavian vein thrombophlebitis) had clear-
ance of candidemia, which had persisted during ampho-
tericin therapy when caspofungin was added to the regi-
men. These observations may be related to the observa-
tion that caspofungin is active against Candida growing
in biofilm.

Aspergillosis and Other Infections

Ellie Anaissie discussed risk factors for and means of
prevention of invasive aspergillosis. 

The incidence and outcome of subsequent
Aspergillus infection in 45 patients with a history of
prior invasive aspergillosis who underwent allogeneic
hematopoietic stem cell transplantation, most of whom
were started on antifungal therapy at least 1 month prior
to transplantation, were reviewed. Post-transplant
aspergillosis occurred earlier (median of day 26 vs day
54) in those with prior aspergillosis vs those without,
and transplant-related death also was more frequent.
Factors associated with a lowered risk of post-transplant
recurrence of aspergillosis included receipt of antifun-
gals for more than 1 month pretransplantation and reso-
lution of chest x-ray abnormalities. 

Of 16 cases of toenail onychomycosis in neutropenic
patients were due to Fusarium, 4 to Aspergillus, 2 to Tri-
chophyton, and 1 to Paecilomyces (1 was infected with
both Fusarium and Aspergillus). Dissemination, particu-
larly with Fusarium, occurred in some patients whose
neutropenia was of long duration. 

A fumigatus isolates from pulmonary aspergillomas
were found to produce aflatoxin in vitro.

Emerging Nosocomial Mycoses

Mike Pfaller discussed recent data concerning nosoco-
mial fungal pathogens that are emerging as we “dig
deeper into the ‘medical mycology compost heap.’” The
increasing importance of Candida glabrata was dis-
cussed. Data from the Emerging Infections and Epidemi-
ology of Iowa Organisms (EIEIO) study demonstrates
that the frequency of isolation of this organism increases
with increasing patient age. C glabrata is of particular
concern because of its reduced susceptibility to flucona-
zole and amphotericin B. Furthermore, exposure to sub-
therapeutic concentrations of fluconazole may lead to
induction of multidrug efflux pumps, leading to high-
level resistance to all available azole antifungal agents.
Other Candida species that exhibit antifungal resistance,
albeit with much lesser frequency than C glabrata,
include C krusei and C lusitaniae. The former routinely
exhibits high-level resistance to fluconazole and the latter
commonly develops secondary resistance to ampho-
tericin B as a consequence of high-frequency phenotypic
switching. Aspergillus terreus, the Aspergillus species
second in frequency of isolation to only A fumigatus, has
reduced susceptibility to amphotericin B. The most reli-
ably active US FDA-approved antifungal agent against
these species of Candida and Aspergillus is caspofungin,
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although the newer azoles have good activity as well.
Amphotericin B remains the most reliably active against
Rhodotorula spp., although the investigational agent
posaconazole has significant in vitro activity against this
yeast pathogen. Triazoles are most reliably active in vitro
against Trichosporon spp. and are the therapeutic agents
of choice. Fusarium spp. remain problematic, although
voriconazole has received FDA approval for treatment of
infections due to this organism, as it has for infections
caused by Scedosporium apiospermum, for which it has
become the treatment of choice. Posaconazole shows
promise against many zygomycetes. While caspofungin
MICs are high against many mould isolates, minimum
effective concentrations are much lower. 

In reviewing the changing epidemiology of fungal
infections in transplant recipients, Barbara Alexander
Lodge noted a decrease in the incidence of invasive can-
didiasis and an increase in filamentous mould infections,
not only due to Aspergillus spp., but also to Scedospori-
um and Fusarium spp.

Fluconazole resistance was selected in vivo from an
initially heteroresistant population of C parapsilosis
during treatment of candidemia with fluconazole. The
resistance was reversible during serial in vitro passage.

Crypto, Histo, Cocci, Blasto, etc

Peter Pappas and Shigeri Kohno each discussed the
management of cryptococcal infection in non-AIDS
patients, and Robert Bradsher reviewed the treatment of
histoplasmosis, blastomycosis, coccidioidomycosis, and
paracoccidioidomycosis. Rana Hajjeh presented the
CDC perspective on opportunistic mycoses in AIDS,
examining, in particular, cryptococcosis in Africa and
penicilliosis in Southeast Asia and southern China. Par-
ticularly in Africa, the lack of diagnostic tests and
affordable therapies presents a dismal circumstance.

The median time to onset of cryptococcal infection in
15 Mayo Clinic solid organ recipients was 30 months post-
transplantation (range, 2-159 months), with three-fourths
occurring after more than 6 months. Nine of the 15 had
meningitis; 2 of the 15 patients died of their infection.

The usually recommended dose for treatment of PCP
is 75-100 mg/kg/d sulfamethoxazole and 15-20 mg/kg/d
trimethoprim. Sixteen AIDS patients with PCP were
successfully treated with a mean of only 46 mg/kg/d of
the former and 9 mg/kg/d of the latter. 

Interpretation of Clinical Trial Results

John Bennett reviewed the concept of noninferiority
trials and distinguished them from equivalency or superi-

ority trials. However, he pointed out that, given appropri-
ate statistical outcomes, superiority may, on occasion, be
demonstrated in trials powered only to demonstrate non-
inferiority. He demonstrated these concepts by examining
the results of 3 recent trials. By analysis of 2 of these, a
comparison of voriconazole to amphotericin B deoxy-
cholate in the treatment of invasive aspergillosis and a
comparison of caspofungin to amphotericin in the treat-
ment of invasive candidiasis, although both were designed
as noninferiority trials, it could be concluded that the
newer agent was, in fact, superior to the comparator since
the 95% confidence intervals for the delta did not include
zero. In contrast, a comparison of voriconazole with lipo-
somal amphotericin B in the empiric treatment of pro-
longed fever in neutropenia did not demonstrate noninfe-
riority of the former since the lower limit of the 9% confi-
dence interval for the delta was greater than the 10% that
had been the a priori agreed upon threshold. 

Treatment Perspectives—Current and Future

Jack Graybill discussed his views of the appropriate
use of newer antifungal agents. He indicated that the
newer azoles, including voriconazole, are not the first
choice in the treatment of fluconazole-resistant invasive
candidiasis because of some degree of cross resistance.
He indicated that voriconazole is the drug of choice in
the treatment of invasive aspergillosis and that this drug
also has a role in the treatment of fusariosis,
pseudallescheriasis, and some other mould infections,
but not for infection due to zygomycetes, against which
posaconazole has potential. He suggested that the
echinocandins, such as caspofungin, may have a role in
the treatment of infection due to azole-resistant Candida
and/or species of nonalbicans Candida likely to be azole
resistant. The relative lack of toxicity and pharmacoki-
netic drug-drug interactions also gives an edge to
echinocandins in some circumstances. He indicated that,
although antagonism does not appear to be a concern, the
data are insufficient to demonstrate benefit from the use
of caspofungin in combination with an azole or polyene.

Tom Walsh gave his view of the future of antifungal
chemotherapy. These include the development of new
compounds within existing classes, as well as the devel-
opment of new classes of drugs. Also important will be
clinical trials enabling the rational use of antifungal
agents in combination. Immunomodulatory therapies
may also play a role in the future, as will new diagnostic
techniques, allowing earlier institution of pathogen-spe-
cific agents. Finally, several individuals discussed the
path a new drug must traverse in order to obtain the
blessing of the US FDA.
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Pharmacology of Antifungal Agents

Tom Walsh reviewed the pharmacokinetics and phar-
macodynamics of antifungal agents, as did Paul Gub-
bins. Of particular note are the data suggesting that
amphotericin B and caspofungin each demonstrate con-
centration-dependent killing against Candida spp. 

Scott McConnell examined some pharmacological con-
siderations in the choice of newer antifungal agents.
Because the voriconazole AUC and Cmax is significantly
reduced when the drug is taken with a high-fat meal, it is
recommended that it be ingested 1 hour before or after a
meal. Of note is that, in contrast to the pH effect on itra-
conazole absorption, no such effect is seen with voricona-
zole. The kinetics of this triazole are nonlinear in adults, but
not in children. Of importance is a very large degree of
intersubject variability in voriconazole exposure, a signifi-
cant portion of which is accounted for by variations in
hepatic cytochrome P450 enzymes, particularly CYP2C19.
Individuals with full expression of this isoform, which is
very prevalent in Asians and also present in 8% of Cau-
casians, have a 4-fold or greater AUC and Cmax than is
seen in its absence. However, it has not, as yet, been possi-
ble to relate serum concentrations of voriconazole to effica-
cy. The interaction with CYP450 enzymes also accounts
for a wide variety of pharmacokinetic drug-drug interac-
tions that must be taken into account in the clinic.

A comparison of patients who received either liposo-
mal amphotericin B or ABLC at multiple centers in
Canada found no difference in associated nephrotoxicity.

The observation of modest transaminase elevations in
volunteers receiving cyclosporin and caspofungin in com-
bination in a Phase 1 study led to warnings to use caution
in administering these 2 drugs together. It was, however,
reported that 6 patients received cyclosporin and caspofun-
gin simultaneously for 2-56 days without adverse effect. 

Duration of Antifungal Therapy

Nina Singh examined the issue of the necessary dura-
tion of treatment of invasive infections caused by 3 dif-
ferent fungi. Aspergillus infections and the immune sta-
tus of the affected patient are highly variable, making any
firm conclusion subject to discussion. Treatment deci-
sions must be individualized. It was, nonetheless, recom-
mended that treatment be continued for a minimum of
10-12 weeks and for at least 4 weeks after resolution of

all clinical and radiographic abnormalities. Singh recom-
mended that cryptococcal meningitis in hematopoietic
stem cell or solid organ transplant recipients be treated
with amphotericin B and 5-flucytosine for at least 4
weeks after which fluconazole is administered for 8-10
weeks or until clinical and radiographic findings have
resolved. Uncomplicated candidemia can be effectively
managed with 2-3 weeks of antifungal therapy. 

Granulocyte Transfusion

Jo-Anne van Burik discussed the potential role of
granulocyte transfusions in the prevention and treatment
of bacterial and fungal infections in neutropenic patients.
The yield of granulocytes obtained by leukapheresis after
administration of G-CSF and dexamethasone is at least 7
× 1010 cells. A meta-analysis of trials of prophylactic
granulocyte infusion in leukemia and/or bone marrow
transplant patients performed at a time when these phar-
macologic means were not used and granulocyte yields
were consequently much lower found a reduction of risk
of infection and attributable mortality in recipients, at the
cost of an increased risk of pulmonary infections and of
CMV infections. Despite a lack of controlled therapeutic
trial data, van Burik stated that the “use of granulocyte
transfusions should not be limited to clinical trials
because enough evidence exists that they may be benefi-
cial when cell doses are high enough.” ■

CME Questions
19. Which of the following is correct?

a. All Candida glabrata are exquisitely susceptible to both
amphotericin B and fluconazole, being inhibited at extremely
low concentrations of each.

b. C krusei is routinely resistant to fluconazole.
c. C lusitaniae is invariably susceptible to amphotericin B.
d. Amphotericin B is the antifungal of choice for the treatment of

invasive infections due to Trichosporon spp.

20. Which is correct?
a. Voriconazole should be administered with a high-fat meal in

order to maximize its bioavailability.
b. Intersubject variability of voriconazole exposure after oral

administration is minimal.
c. CYP2C19 is important in the metabolism of voriconazole.
d. Absorption of voriconazole after oral administration is pH

dependent.

In Future Issues: Influenza Infections in Children

Answers: 19(b); 20(c)
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Oregon’s Assisted 
Suicide Program

Source: N Engl J Med. 2003;348:
961-964.

Physician-assisted suicide has
been legal for terminally ill

patients in Oregon since October
1997. Since then, 129 patients have
chosen to participate in the program
and died after ingestion of lethal
medication. More than 90% died at
home, and about half died in the
presence of their physician. The
number of patients participating in
the program has steadily increased
from 24 people during the first year
of the program to 58 people in 2002.
Interestingly, not all patients who
received prescriptions for lethal med-
ications used them. Eight patients
receiving such prescriptions in 2001
and 2002 are still alive. 

Of the 129 who died following
ingestion of lethal medication, 79%
had terminal cancer, 8% had ALS,
6% had COPD, and 7% had AIDS,
scleroderma, or other heart and
lung disease. Rates of physician-
assisted suicide were significantly
higher for patients with ALS and
terminal cancer than other terminal
diseases. Compared with Oregon
residents who died of the same
underlying disease, rates of physi-
cian-assisted suicide were higher
among those who were divorced, or
had higher levels of education, and
they tended to be younger. These
data suggest that younger, better-
educated people may be more
accepting of physician-assisted sui-
cide. Although relatively few peo-
ple chose to participate, the pro-
gram appears to be slowly gaining
in acceptance.   ■

HIV Accelerates 
HCV Fibrosis

Source: Clin Infect Dis. 2003;36:
491-498.

Reports suggest that chronic
hepatitis and liver disease are

surpassing AIDS-related infections
and malignancies as a cause of death
in persons with HIV. A total of 188
patients with chronic HCV infection,
including 41 with HIV coinfection,
were examined for risk factors for
fibrosis and cirrhosis on liver biopsy
specimens. HIV-HCV coinfected
patients showed significantly higher
HCV viral loads, more advanced
fibrosis, more frequent cirrhosis, and
higher rates of fibrosis progression
(the ratio of fibrosis scoring to the
estimated number of years of HCV
infection). An increased rate of fibro-
sis progression in patients with HIV-
HCV coinfection was associated with
higher HCV viral loads and lower
CD4 counts. In contrast, the 2 most
significant risk factors for progres-
sion of fibrosis in patients without
HIV infection were alcohol use and
older age. While lower CD4 counts
clearly appeared to be a negative risk
factor, the effect of HIV viral load or
reconstitution of the immune system
in response to antiretroviral therapy
was less obvious. There was a sug-
gestion that patients who had
received a median of 36 months of
highly active antiretroviral therapy
and who had evidence of increased
CD4 cell counts had a lower rate of
fibrosis progression, although an
independent effect of HAART could
not be found in multivariate analysis.
The lack of a statistically significant
effect of either alcohol use or
HAART therapy may have been a

function of the smaller numbers of
patients included in the analysis.
Nonetheless, these data clearly
demonstrates that patients with HIV-
HCV coinfection, especially those
with lower CD4 counts and higher
HCV viral loads, are more likely to
have rapid progression of fibrosis and
are more likely to develop cirrhosis
than people without HIV. When pos-
sible, alcohol treatment and interfer-
on therapy should be encouraged.   ■

Fuzeon (T-20) Goes
Forward

Source: Espicom Business Intelligence.
March 24, 2003. 

An fda advisory panel recent-
ly recommended FDA approval

of Fuzeon (enfuvirtide), formerly
known as T-20. This approval was, in
part, based on the results of the
TORO study soon to be published in
the New England Journal of Medi-
cine. This large-scale, nonrandom-
ized, open-label study examined the
effects of unrestricted, individually
selected antiretroviral therapy with or
without enfuvirtide, in heavily pre-
treated patients failing their current
regimen (≥ 5000 HIV viral load).
Patients had at least 6 months of prior
therapy with agents in all 3 classes of
antiretroviral drugs, resistance to
drugs in these classes, or both. At 24
weeks of therapy, HIV viral load
dropped 1.7 logs in patients receiving
enfuvirtide, compared with a
decrease of 0.76 logs in the control
group (P < .001). CD4 cell counts
increased 76 vs 32 cells/mm3 in treat-
ment vs control subjects, respectively
(P < .001). Reactions at the site of
injection occurred in 98% of enfuvir-
tide subjects.   ■
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