Drug |nteractions EKG changes (a syndrome known as Torsades de

Pointes) and deaths occurred that were later attributed
to an interference to the same key metabolizing
Interaction is a familiar term to most biostatisticians. enzymes shared by both drugs.
When the effect of one factor differs across levels
of a second factor, interaction between the factors
is present. Drug disposition refers to the processegHow Does Inter-Subject Variability
of how a drug is absorbed, distributed, metabolizedp|ay a Role?
(broken down), and excreted [6]. Variations in drug
disposition and/or effect may result from interactions Studies that measure drug pharmacokinetics and/or
with, for example, diseases or genetic makeipig pharmacodynamics are often challenged by substan-
interactions refers to the alteration of the disposition tial and unpredictablénter-subject variability. How
and/or effect of one drug, owing to the presence of athe body processes a drug can differ greatly among
second drug. subjects. This inherent variability in drug disposition
is known as inter-subject pharmacokinetic variation.
i For a group of subjects given a fixed dose of a
What Causes Drug Interactions and Why  single drug, a large variation in serum drug levels
are They Important? (i.e. a coefficient of variation of 60% or greater) is
) ) ) ) commonly noted. Hence, for a two drug interaction
Drug interactions arise from a myriad of complex gy,qy it is extremely difficult to partition the observed
physiologic conditions [5]Pharmacokineticsrefers harmacologic variation of one drug into underlying
to what the body does to the drug (processes 0ﬁ]ter-subject pharmacokinetic variation vs. the varia-
drug disposition), while pharmacodynamics refers t0;5n due to the presence of a second drug. Moreover,
what the drug does to the body (the drug effect).jgentifying the sources of observed variability in drug
Changes in the processes of drug disposition, knownytect “termed inter-subject pharmacodynamic varia-
as the pharmacokinetic interaction, may take placgon poses even greater difficulties. Suppose a target
when one drug's rate of elimination from the kid- gorm drug level can be achieved and maintained in
neys or liver is altered by a second drug. In such, group of subjects. Even though the body’s exposure

circumstances a drug can improperly accumulate ing e gryg is the same in all subjects, the variation in
the body or be excreted too quickly. Another type Of gfact (o g. lowered blood pressure) among subjects

pharmacokinetic interaction can occur when Specificy, . he sypstantial. Introducing an additional source
enzymes that metabolize a drug become inhibited Ok ;4 japility, such as a second drug, further compli-

induced by the presence of a second drug. A phargaies the interpretation of inter-subject differences.
macodynamic interaction refers to the alteration of

the effects of one drug when given concurrently with

another drug. The net result of a pharmacodynaminhiCh Study Design Addresses
interaction may be an enhanced or diminished eﬁecinter-Subject Variability?

or the appearance of a new side-effect that was no )

seen With either.drug alone. One design appropriate for testing drug interaction is
Drug. interactions may pose a dangerous threat, repeated measure desigag( Longitudinal Data
to put_)I|c health, espeu_allly when two qommonly Analysis, Overview) [1]. This design, commonly
prescribed (and co-administered) drugs interact. Agjieq 5 crossover armndomized complete blocks
not_able example is the gravely serious drug Inter'designs allocates all treatments to each subject, with
actlon_betvvee_n t_erfen_adlne (Seldane), a commonlyan adequate “washout’ period between treatments.
prescrlped anti-histamine, and ketoconazole, a p0puRepea'[ed measures denotes the serial measurements
lar ann-fungal drug [2, 4] When thesg drugs WETE of drug disposition and/or effect after each treatment
taken simultaneously, unexpected Ilfe-threatenmgis administered. As each subject serves as his/her
own control, all sources of variability among subjects

Reproduced from theEncyclopedia of Biostatistics, 2nd ~ are controlled. Only variation within subjects (the
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2 Drug Interactions

crossover studies designed to test for pharmacokinetié study was conducted to test whether the drugs
interaction enroll 10—25 subjects. could be co-administered without significant pharma-
For a two-drug interaction study of drugs A and cokinetic interaction. The treatment consisted of 26
B, each subject receives drug A, drug Bnd a  consecutive days of therapy, defined by three dos-
combination of drugs A and B. The order of the threeing periods. Zidovudine was administered in the first
treatments is often randomly assigned and balancedosing period (on days 1 and 2). Periods 2 and 3 con-
so that the measurements are moinfounded by  sisted of 12-day intervals in which either atovaquone
treatment order. The model for a repeated measureslone or atovaquone plus zidovudine was adminis-
design for a two-drug interaction study is tered. The order of periods 2 and 3 was randomly
assigned gee Randomization). Fourteen men with
Yij =+ pi + 1 + &, HIV enrolled on the study. Repeated measures analy-
i=1...,nj=123, sis revealed that zidovudine and atovaquone could be
co-administered without clinically significant phar-
wherei denotes the subjects aricdenotes the treat-  macokinetic interaction. Zidovudine had no effect on
ments (letj =1 for drug A, j = 2 for drug B, and  the disposition of atovaquone, while the systemic

J =3 for a combination of A and B)Y;; denotes exposure of zidovudine was found to be increased
the measure of drug disposition or effect when thepy 33% after atovaquone administration.

ith patient is given thgth treatmentu.. denotes the

overall outcome meary; denotes the subject effect, References

7; denotes the treatment effect, ang denotes the

error term. Individual subject effects are not of inter- (1] . -

est and only serve to reduce experimental error due to ng T 2nd Ed. Wiley, New York, Chapter 4, pp.
inherent inter-subject variability. Interaction is tested 5] Honig, P.K., Wortham, D.C., Zamani, K., Con-
by a comparison between treatment means (analo-  ner, D.P., Mullin, J.C. & Cantilena, L.R. (1993). Ter-
gous to gpaired t test) and is performed by planned fenadine—Ketoconazole itetion: pharmacokinetic and
contrasts For example, to test whether the effect of electrocardiographic consequencémjrnal of the Ameri-

drug A is altered by drug B, thaull hypothesis of can Medical Association 269 1513-1518. ,
no interaction is tested by [3] Lee, B.L., Tauber, M.G., Sadler, B., Goldstein, D. &

Chambers, H.F. (1996). Atovaquone inhibits the glu-
curonidation and increases the plasma concentrations of
zidovudine,Clinical Pharmacology and Therapeutics 59,
where, as noted above= 1 andj’ = 3. Similarly, 14-21. _

to test whether the effect of drug B is altered by drug[4 Monahan, B.P., Ferguson, C.L., Killeavey, S., Lloyd,

. . . . : B.K., Troy, J. & Cantilena L.R. (1990). Torsades
A, the null hypothesis of no interaction is tested by: de Pointes occurring in association with terfenadine

Hoip.— ;=0 use, Journal of the American Medical Association 264,
0y =5 2788-2790.

wherej =2 andj’ = 3. [5] Notari, R.E. (1987)Biopharmaceutics and Clinical Phar-

A recently published crossover study designed macokinetics: An Introduction, 4th Ed. Marcel Dekker,
L . New York, Chapter 8, pp. 354—369.
to test for the pharmacokinetic interaction between[G] Pratt, W.B. & Taylor, P. (1990)Principles of Drug
two agents, atovaquone and zidovudine, serves as an'  action: The Basis of Pharmacology, 3rd Ed. Churchill
example [3]. Patients with human immunodeficiency Livingstone, Edinburgh, Chapter 3, pp. 201-296.

virus (HIV) are at risk from adverse drug interactions
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