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CHAPTER 

4 PRINCIPLES OF THERAPEUTICS 

Alan S. Nies 

THERAPY AS A SCIENCE 

·Over a century ago Claude Bernard for
malized criteria for gathering valid informa
tion in experimental medicine. However, 
application of these criteria to therapeutics 
and ·to the process of making decisions 
about therapeutics has, until recently, been 
slow and inconsistent. At a time when the 
diagnostic aspects of medicine had become 
scientifically sophisticated, therapeutic de
cisions were often made on the basis of 
impressions and traditions. Historically, 
the absence of accurate data on the effects 
of drugs in man was due in large part tq 
ethical standards of human experimenta
tion. '"Experimentation" in human beings 
was precluded, and it was not generally 
conceded that every treatment by any phy
sician should be designed and in some 
sense recorded as an experiment. 

Although there must always be ethical 
concern about experimentation in man, 
principles have been defined, and there are 
no longer ethical restraints on the gathering 
of either experimental or observational data 
on the efficacy and toxicity of drugs in 
adults. Furthermore, it should now be con
sidered absolutely unethical to use the art 
as opposed to the science of therapeutics 
on any patient who directly (the adult or 
child) or indirectly (the fetus) receives 
drugs for therapeutic purposes. Observa
tional (nonexperimental) techniques that 
can greatly add to our knowledge of the ef
fects of drugs can be applied to all popula
tions (Sheiner and Benet, 1985; Whiting 
et al., 1986). The fact that such observa
tional techniques have largely been applied 
in a nonsystematic fashion has led us to rely 
on a relative paucity of information about 
many drugs. Therapeutics must now be 
dominated by objective evaluation of an 
adequate base of factual knowledge. 

62 

Conceptual Barriers to Therapeutics as a 
Science. The most important barrier that 
inhibited the development of therapeutics 
as a science seems to have been the belief 
that multiple variables in diseases and in 
the effects of drugs are uncontrollable. If 
this were true, the scientific method would 
not be applicable to the study of pharmaco
therapy. In fact, therapeutics is the aspect 
of patient care that is most amenable to the 
acquisition of useful data, since it involves 
an intervention and provides an opportu
nity to observe a response. It is now appre
ciated that clinical phenomena can be de
fined, described, and quantified with some 
precision. The approach to complex clinical 
data has been artfully discussed by 
Feinstein (1983). 

Another barrier to the realization of ther
apeutics· as a science was ·overreliance on 
traditional diagnostic labels for disease. 
This encouraged the physician to think of a 
disease as static rather than dynamic, to 
view patients with the same ··label'' as a 
homogeneous rather than a heterogeneous 
population, and to consider a disease as an 
entity even when information about patho
genesis was not available. If diseases are 
not considered to be dynamic, ··standard'' 
therapies in ··standard'' doses will be the 
order of the day; decisions will be reflexive. 
Needed instead is an attitude that makes 
the physician responsible for recognition of 
and compensation for changes that occur in 
pathophysiology as the underlying process 
evolves. For example, the term myocardial 
infarction refers to localized destruction of 
myocardial cells caused by interruption of 
the blood supply; however, decisions about 
therapy must take into account a variety of 
autonomic, hemodynamic, and electrophys
iological variables that change as a func
tion of time, size, and location of the infarc
tion. Failure to take all such variables into 
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THERAPY As A SciENCE 63 

account while planning a therapeutic ma
neuver may result in ineffective therapy in 
some patients while exposing others to 
avoidable toxicity. If groups of patients are 
in reality heterogeneous and receive alter
native treatments, true differences in effi
.cacY or toxicity between therapies may go 
unrecognized. A diagnosis or label of a dis
ease or syndrome usually indicates a spec
trum of possible causes and outcomes. 
Therapeutic experiments that fail to match 
groups for the known variables that affect 
prognosis yield uninterpretable data. · 

A third conceptual barrier was the incor
rect notion that data derived empirically are 
useless because they are not generated by 
application of the scientific method. Empir
icism is often defined as the practice of 
medicine founded on mere experience, 
without the aid of science or a knowledge of 
principles. The connotations of this defini
tion are misleading; empirical observations 
need not be scientifically unsound. In fact, 
concepts of therapeutics have been greatly 
advanced by the clinical observer who 
,makes careful and controlled observations 
on the outcome of a therapeutic interven
tion. The results, even when the mecha
nisms of disease and their interactions with 
the effects of drugs are not understood, are 
nevertheless often crucial to appropriate 
therapeutic decisions. Frequently, the ini
tial suggestion that a drug may be effica
cious in one condition arises from careful, 
empirical observations that are made while 
the drug is being used for another purpose. 
Examples of valid empirical observations 
that have resulted in new uses of drugs in
clude the use of penicillamine· to treat ar
thritis, lidocaine to treat cardiac arrhyth
mias, and propranolol and clonidine to treat 
hypertension. Conversely, emptnctsm, 
when not coupled with appropriate obser
vational methods and statistical techniques, 
often results in findings that are inadequate 
or invalid. 

Clinical Trials. Application of the scien
tific method to experimental therapeutics is 
exemplified by a well-designed and well
executed clinical trial. Clinical trials form 
the basis for therapeutic decisions by all 
physicians, and it is therefore essential that 
they be able to evaluate the results and con-

elusions of such trials critically. To maxi
mize the likelihood that useful infonnation 
Will result from the experiment, the objec
tives of the study must be defined, homoge
neous populations of patients must be. se
lected, appropriate control groups must be 
found, meaningful arid sensitive indices of 
drug effects m·ust be chosen for observa
tion, and the observations. must be con
verted into data and then into valid conclu
sions (Feinstein, 1977). The sine qua non of 
any clinical trial is its controls. Many differ
ent types of controls may be used, and the 
term controlled study is not synonymous 
with randomized double-blind technique. 
Selection of a proper control group is as 
critical to the eventual utility of an experi
ment as the selection of the experimental 
group. Although the randomized, double
blind controlled trial is the most effective 
design for distributing bias and unknown 
variables between the ''treatment'' and the 
''control'' groups, it is not necessarily the 
optimal design for all studies. It may be 
impossible to use this design to· study dis
orders that occur rarely, disorders in pa
tients who cannot, by regulation or ethics 
or both, be studied (e.g ..• children, women 
of childbearing age, fetuses, or some pa
tients with psychiatric diseases), or dis
orders with a uniformly fatal outcome (e.g., 
rabies, where historical controls can be 
used). 

There are several requirements in the design of 
clinical trials to test the relative effects of alterna
tive therapies. (l) Specific outcomes of therapy 
that are clinically relevant and quantifiable must be 
measured. (2) The accuracy of diagnosis and the 
severity of the disease must be comparable in the 
groups being contrasted; otherwise, false-positive 
and false-negative errors may occur. (3) The dos
ages of the drugs must be chosen and individual
ized in a manner that allows relative efficacy to be 
compared at equivalent toxicities or allows relative 
toxicities to be compared at equivalent efficacies. 
(4) Placebo effects, which occur in a large percent
age of patients, can confound many studies
particularly those that involve subjective re
sponses; controls must take this into account. 
However, subjective assessments are important in 
determining whether a therapy improves the pa
tient's well-being. In fact, quality of life can be ·as
sessed by the experimental subject and can be ob
jectively tabulated c;tnd incorporated into 
evaluation of a therapy (Williams, 1987). (5) Com
pliance with the experimental regimens should be 
assessed before subjects are assigned to experi
mental or control groups. The drug-taking behavior 
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64 PRINCIPLES OF THERAPEUTICS [Chap. 4] 

of the subjects should be reassessed during the 
course of the trial. Noncompliance, even if ran
domly distributed between both groups, may cause 
falsely low estimates of the true potential benefits 
or toxicity of a particular treatment. (6) Sample size 
should be estimated prior to beginning a clinical 
trial and must be taken into account in interpreting 
the results of the trial. Depending upon such fac
tors as the overall p:rognosis of the disease and the 
anticipated improvement in outcome or toxicity 
from the new treatment, very large numbers of sub
jects may be needed; otherwise, the possibility of a 
false-negative result is high (i.e., no statistically 
significant differences between the two treatments 
will be found, even though differences actually 
exist) (Young et al., 1983; Simon, 1986). (7) Ethical 
considerations may be major determinants of the 
types of controls that can be used and must be eval
uated explicitly (Rosner, 1987; Rothman, 1987). 
For example, in therapeutic trials that involve life
threatening diseases for which there is already an 
effective therapy, the use of a placebo is unethical, 
and new treatments must be compared with ··stan
dard'' therapies. 

The results of clinical trials of new thera
peutic agents or of old agents for new indi
cations may have severe limitations in 
terms of what can be expected of drugs 
when they are used in an office practice. 
The selection of the patients for experimen
tal trials usually eliminates those with coex
isting diseases, and such trials usually as
sess the effect of only one or two drugs, not 
the many that might be given to or taken by 
the same patient under the care of a physi
cian. Clinical trials are usually performed 
with relatively small numbers of patients 
for periods of time that may be shorter than 
are necessary in practice, and compliance 
may be better controlled than it can be in 
practice. These factors lead to several ines
capable conclusions: 

1) Even if the result of a valid clinical trial 
of a drug is thoroughly understood, the 
physician can only develop a hypothesis 
about what the drug might do to a particular 
patient, and there can be no assurance that 
what occurred in other patients will be 
seen. In effect, the physician uses the re
sults of a clinical trial to establish an experi
ment in each patient. The detection of an
ticipated and unanticipated effects and the 
determination of whether or not they are 
due to the drug(s) being used are important 
responsibilities of the physician during the 
supervision of a therapeutic regimen. If an 
effect of a drug is not seen in a clinical trial, 

it may still be revealed in the setting of clin
ical practice. About one half or more of 
both useful and adverse effects of drugs 
that were not recognized in the initial for
mal trials were subsequently discovered 
and reported by practicing physicians. 

2) If an anticipated effect of a drug has 
not occurred in a patient, this does not 
mean that the effect cannot occur in that 
patient or in others. Many factors in the 
individual patient may contribute to lack of 
efficacy of a drug. They include, for exam
ple, misdiagnosis, poor compliance by the 
patient to the regimen, poor choice of dos
age or dosage intervals, coincidental devel
opment of an undiagnosed separate illness 
that influences the outcome, the use of 
other agents that interact with primary 
drugs to nullify or alter their effects, unde
tected genetic or environmental variables 
that modify the disease or the pharmacolog
ical actions of the drug, or unknown ther
apy by another physician who is caring for 
the same patient. Of equal importance, 
even when a regimen appears to be effica
cious and innocuous, a physician should 
not attribute all improvement to the thera
peutic regimen chosen, nor should a physi
cian assume that a deteriorating condition 
reflects only the natural course of the dis
ease. Similarly, if an anticipated untoward 
or toxic effect is not seen in a particular pa
tient, it can still occur in others. Physicians 
who use only their own experience with a 
drug to make decisions about its use unduly 
expose their patients to unjustifiable risk or 
unrealized efficacy. For example, simply 
because a doctor has not seen a case of 
chloramphenicol-induced aplastic anemia 
in his own practice does not mean that such 
a disaster may not occur; the drug should 
still be used for the proper indications. 

3) Rational therapy is therapy based on 
the use of observations that have been eval
uated critically. It is no less crucial to have 
a scientific approach to the treatment of an 
individual patient than to use this approach 
when investigating drugs in a research set
ting. In both instances, it is the patient who 
benefits. Such an approach can be formal
ized in the practice setting by performing 
randomized, controlled trials in individual 
patients who have stable clinical symptom
atology. With this strategy a specific ther-
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INDIVIDUALIZATION OF DRUG THERAPY 65 

apy of uncertain efficacy can be compared 
with a placebo or alternative therapy in a 
double-blind design with well-defined end 
points that are tailored to the individual pa
tient. The outcome of such a trial is imme
diately relevant to the particular patient, 
although it may not apply to all other pa
tients (Guyatt et al., 1986). 

INDIVIDUALIZATION OF DRUG 
THERAPY 

As has been implied above, therapy as a 
science does not apply simply to the evalu
ation and testing of new, investigational 
drugs in animals and man. It applies with 
equal importance to the treatment of each 
patient as an individual. Therapists of every 
type have long recognized and acknowl
edged that individual patients show wide 
variability in response to the same drug or 
treatment method. Progress has been made 
in identifying the sources of variability 
(Vesell, 1986). Important factors are pre
sented in Figure 4-1; the basic principles 
that underlie these sources of variability 
have been presented in Chapters 1 and 2. 

PRESCRIBED 
DOSE 

j 
ADMINISTERED 

DOSE 

CONCENTRATION 
AT LOCUS 
OF ACTION 

INTENSITY 
OF EFFECT 

• patient compliance 
• medication errors 

• rote and extent of absorption 
• body size and composition 
• distribution in body fluids 
• binding in plasma and tissues 
•rote of elimination 

\ •physiolo<;lical variables 
•pathological factors 
•genetic factors 

( 
• interaction with other drugs 
•development of tolerance 

•drug-receptor interaction 
• functional state 
• placebo effects 

Figure 4-1. Factors that determine the rela
tionship between prescribed drug dosage and 
drug effect. (Modified from Koch-Weser, 
1972.) 

The following discussion relates to the 
strategies that have been developed to deal 
with variability in the clinical setting. (See 
also Appendix II.) 

PHARMACOKINETIC CONSIDERATIONS 

Interpatient and intrapatient variation in 
disposition of a drug must be taken into 
account in choosing a drug regimen. For a 
given drug, there may be wide variation in 
its pharmacokinetic properties among indi
viduals. For some drugs, this variability 
may account for one half or more of the 
total variation in eventual response. The 
relative importance of the many factors that 
contribute to these differences depends in 
part on the drug itself and on its usual route 
of elimination. Drugs that are excreted pri
marily unchanged by the kidney tend to 
have smaller differences in disposition 
among patients with similar renal function 
than do drugs that are inactivated by me
tabolism. Of drugs that are extensively me
tabolized, those with high metabolic clear
ance and large first-pass elimination have 
marked differences in bioavailability, 
whereas those with slower biotransforma
tion tend to have the largest variation in 
elimination rates between individuals. 
Studies in identical and nonidentical twins 
have revealed that genotype is a very im
portant determinant of differences in the 
rates of metabolism (Penno and Vesell, 
1983). For many drugs, physiological and 
pathological variations in organ function 
are major determinants of their rate of dis
position. For example, the clearance of di
goxin and gentamicin is related to the rate 
of glomerular filtration, whereas that of lid
ocaine and propranolol is primarily depen
dent on the rate of hepatic blood flow. The 
effect of aging and diseases that involve the 
kidneys or liver is to impair elimination and 
to increase the variability in the disposition 
of drugs. In such settings, measurements of 
concentrations of drugs in biological fluids 
can be used to assist in the individualization 
of drug therapy (Spector et al., 1988). Since 
old age and renal or hepatic diseases may 
also affect the responsiveness of target tis
sues (e.g., the brain), the physician should 
be alert to the possibility of a shift in the 
range of therapeutic concentrations. 
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66 PRINCIPLES OF THERAPEUTICS [Chap. 4] 

A test should not be performed simply 
because an assay is available. More assays 
of drugs are available than are generally 
useful. Determinations of concentrations of 
drug in blood, serum, or plasma are particu
larly useful when well-defined criteria are 
fulfilled. (1) There must be a demonstrated 
relationship between the concentration of 
the drug in plasma and the eventual thera
peutic effect that is desired and/or the toxic 
effect that must be avoided. (2) There 
should be substantial interpatient variabil
ity in- disposition of the drug (and small in
trapatient variation). Otherwise, concentra
tions of drug in plasma could be predicted 
adequately from dose alone. (3)It should be 
difficult to monitor intended or unintended 
effects of the drug. Whenever clinical ef
fects or minor toxicity are easily measured 
(e.g., the effect of a drug on blood pres
sure). such assessments should be pre
ferred in the decision to make any neces
sary adjustment of dosage of the drug. 
However, the effects of some drugs in cer
tain settings are not easily monitored. For 
example, the effect of Li+ on manic
depressive psychosis may be delayed and 
difficult to quantify. For ·some drugs, the 
initial manifestation of toxicity may be seri
ous (e.g., digitalis-induced arrhythmias or 
theophylline-induced seizures). The same 
concepts apply to a number of agents used 
for cancer chemotherapy. Other drugs 
(e.g., antiarrhythmic agents) produce toxic 
effects that mimic symptoms or signs of the 
disease being treated. Many drugs are used 
for prophylaxis of an intermittent, potenti
ally dangerous event; examples include an
ticonvulsants and antiarrhythmic agents. In 
each of these situations, titration of drug 
dosage may be aided by measurements of 
concentrations of the drug in blood. (4) The 
concentration of drug required . to produce 
therapeutic effects should be close to the 
value that causes substantial toxicity (see 
below). If this circumstance does not apply, 
patients could simply be given the largest 
dose known to be necessary to treat a dis
order, as is commonly done with penicillin. 
However, if there is an overlap in the con
centration-response relationship for desir
able and undesirable effects of the drug, as 
is true for theophylline, determinations of 
concentration of drug in plasma may allow 

the dose to be optimized. All four of the 
above-described ,-criteria should be met if 
the measurement of drug concentrations is 
to be of significant value in the adjustment 
of dosage. Knowledge of concentrations of 
drugs in plasma or urine is also particularly 
useful for- detection of therapeutic failures 
that are due to lack of patient compliance 
with a medical regimen or for identification 
of patients with unexpected extremes "in the 
rate of drug disposition. 

Assay of drugs to assist the physician in 
achieving a desired concentration of drug in 
blood or plasma (i.e., "targeting" the dose) _ 
is an example of the use of an· inter_mediate __ __ 
end point of therapy. An intermediate end 
point is defined as a specific goal of treat
ment that is used in place of the ultimate 
clinical goal, which may be difficult to as
sess. The concept of intermediate end 
points, including concentrations of drugs, 
as a. guide to indivi<;Iualization of therapy 
can also be applied in other ways; one is to 
provide an indication for a change in the 
choice of drug therapy. Measurements of 
concentrations of drugs in plasma and/or 
measurements of one or more pharmaco
logical effects of the drug can provide an 
indication of probable lack of efficacy. 
Other issues of importance with regard to 
the measurement and interpretation of drug 
concentrations are discussed in Chapter 1 
and Appendix II. 

PHARMACODYNAMIC. CON SID ERA TIONS 

Considerable interindividual variation in 
the response to drugs remains after the con
centration of the drug in plasma has been 
adjusted to a target value; for some drugs 
this pharmacodynamic variability accounts 
for much of the total variation in respon
siveness between· patients. As discussed in 
Chapter 2, the relationship between the 
concentration of a drug and the magnitude 
of the observed response may be complex, 
even when responses are measured in sim
plified systems in vitro, although typical 
sigmoidal concentration-effect curves are 
usually seen (Figure 2-6). When- drugs are 
administered to patients, however, there is 
no single characteristic relationship be
tween the drug concentration in plasma and 
the measured effect; the concentration-
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INDIVIDUALIZATION OF DRUG THERAPY 67 

effect curve may be concave upward, con
cave downward, linear, or sigmoid. More
over, the concentration-effect relationship 
maY be distorted if the response being mea
sured is a composite of several effects, such 
as the change in blood pressure produced 
by a combination of cardiac, vascular, and 
reflex effects. However, such a composite 
concentration-effect ·curve can often be 
resolved into simpler curves for- each of its 
components. These simplified concentra
tion-effect relationships, regardless of their 
exact shape, can be viewed as having four 
characteristic variables: potency, slope, 
maximal efficacy, and individual variation. 
These are illustrated in Figure 4-2 for the 
common sigmoid log dose-effect curve. 

Potency. The location of the concentra
tion-effect curve ·along the ·concentration 
axis is an expression of the potency of q. 
drug. Although often related to the dose of 
a drug required to produce an effect, PO-:
tency is more properly related to the con
centration of the drug in plasma in order to 
approximate more closely the situation in 
isolated systems in vitro and to avoid the 
complicating factors of pharmacokinetic 
variables. Although potency obviously af
fects drug dosage, potency per se is rela
tively unimportant in the clinical use of 
drugs as long as the required dose can be 
given conveniently. There is no justifica
tion for the view that more potent drugs are 
supenor therapeutic agents. However, if 

1-
u 
w 
lL. 

fu VARIABILITY 
lL. 
0 

.>-
1-
Ci5 
z 
w 
~ POTENCY 

CONCENTRATION 

Figure· 4-2. The log dose-effect relationship. 

Representative log dose-effect curve, illus
trating its four characterizing variables (see 
text for explanation). 

the drug is to be administered by transder
mal ·a-bso.I:J2.!ion, a highly potent drug is re
quired, sincethe capacity of the skin to ab
sorb drugs is limited. 

Maximal Efficahy. The maximal effect 
that can be produced by a drug is its maxi-· 
mal efficacy ·or, simply, efficacy. As dis
cussed in Chapter 2, maximal efficacy is 
determined by the properties of the drug 
and its receptor-effector system and is re
flected in the plateau of the concentration
effect curve. In clinical use, however, a 
drug's dosage may be limited by undesired 
effects, and the true maximal efficacy of the 
drug may not be achievabie. Efficacy of a 
drug is clearly a major characteristic-of 
much more clinical importance than is po
tency; furthermore, the two properties are 
not related and should not be confused. For 
instance, although some thiazide diuretics 
have similar or greater potency than the 
loop diuretic furosemide, the maximal effi
cacy of furosemide is ·considerably greater. 

Slope. The slope of the concentration~ 
effect curve reflects the mechanism of 
action of a drug, including the shape of the 
curve that describes drug binding to its re
ceptor (see Chapter 2). The steepness of the 
curve dictates the range of doses that are 
useful for achieving a clinical effect. Aside 
from this fact, the slope of the concentra
tion-effect curve has more theoretical than 
practical usefulness. 

Biological Variability. Different individ
uals vary in the magnitude of their response 
to the same concentration of a single drug 
or to similar drugs when the appropriate 
correction has been made for differences in 
potency, maximal- efficacy, and slope. In 
fact, a single individual may not always· re
spond in the same way to the same concen
tration of drug. A concentration-effect 
curve applies only to a single individual at 
one time or to an average individual. The 
intersecting brackets in Figure 4__,2 indicate 
that an effect of varying intensity will occur 
in different individuals at a specified con
centration of a drug or that a range of con
~entrations ··is required to produce an effect 
of specified intensity in all of the patients. 
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68 PRINCIPLES OF THERAPEUTICS [Chap. 4] 

Specific terms are used to refer to indi
viduals who are unusually sensitive or re
sistant to a drug and to describe those in 
whom the drug produces a qualitatively dif
ferent effect. The mechanisms of these unu
sual effects are described in general in this 
chapter and are discussed for individual 
drugs throughout this textbook. If a drug 
produces an effect at a very low dosage, the 
individual is said to be hyperreactive. (Hy
persensitivity usually refers to effects asso
ciated with drug allergy, and supersensitiv
ity is used to describe the increased 
sensitivity that results from denervation or 
long-term treatment with a receptor antago
nist.) Individuals who are resistant to drug 
effect are said to be hyporeactive. Toler
ance connotes hyporeactivity acquired as a 
result of exposure to the drug, and if toler
ance develops rapidly, it is called tachyphy
laxis. Idiosyncrasy is a term that describes 
an unusual effect of the drug, irrespective 
of intensity or dosage, that occurs in a small 
percentage of the population. However, 
because this term is often confused with 
drug allergy and because it conveys no use
ful information, it should probably be aban
doned in favor of simple descriptions of the 
effect and terms that refer to the underlying 
mechanisms, which are often genetic or 
immunological. 

Attempts have been made to define and 
measure individual ·'sensitivity'' to drugs 
in the clinical setting, and progress has 
been made in understanding some of the 
determinants of sensitivity to drugs that act 
at specific receptors. For example, respon
siveness to 13-adrenergic receptor agonists 
may change because of disease (e.g., thyro
toxicosis) or because of prior administra
tion of either 13-adrenergic agonists or an
tagonists that can cause changes in the 
concentration of the 13-adrenergic receptor 
and/or coupling of the receptor to its ef
fector systems (Bristow et al., 1982; Stiles 
et al., 1984). Resistance of tumors to the an
tineoplastic agent methotrexate may occur 
because of gene amplification and subse
quent synthesis of large quantities of the 
receptor for the cytotoxic action of this 
drug, dihydrofolate reductase (Brown et al., 
1983). Receptors are not static compo
nents of the cell; they are in a dynamic state 

that is influenced by both endogenous and 
exogenous factors (see Chapters 2 and 5). 

Concentration-Percent Curve. The 
concentration of a drug that produces a 
specified effect in a single patient is termed 
the individual effective concentration. This 
is a quanta[ response, since the defined ef
fect is either present or absent. Individual 
effective concentrations are usually log
normally distributed, which means that a 
normal variation curve is the result of plot
ting the logarithms of the concentration 
against the frequency of patients achieving 
the defined effect (Figure 4-3A). A cumula
tive frequency distribution of individuals 
achieving the defined effect as a function of 
drug concentration is the concentration
percent curve or the quanta[ concentration
effect curve. This curve resembles the sig
moid shape of the graded concentration
effect curve discussed above (Figure 4-2), 
but the slope of the concentration-percent 
curve is an expression of the pharmacody
namic variability in the population rather 
than an expression of the concentration 
range from a threshold to a maximal effect 
in the individual patient. 

The dose of a drug required to produce a 
specified effect in 50% of the population is 
the median effective dose, abbreviated as 
the ED50 (Figure 4-3B). In preclinical stud
ies of drugs, the median lethal dose, as de
termined in experimental animals, is abbre
viated as LD50• The ratio of the LD50 to the 
ED50 is an indication of the therapeutic 
index, which is a statement of how selective 
the drug is in producing its desired effects. 
In clinical studies, the dose, or preferably 
the concentration, of a drug required to 
produce toxic effects can be compared to 
the concentration required for the thera
peutic effects in the population in order to 
evaluate the clinical therapeutic index. 
However, since pharmacodynamic varia
tion in the population may be marked, the 
concentration or dose of drug required to 
produce a therapeutic effect in most of the 
population will usually overlap the concen
tration required to produce toxicity in some 
of the population, even though the drug's 
therapeutic index may be large. Also, the 
concentration-percent curves for efficacy 
and toxicity need not be parallel, adding yet 
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Figure 4-3. Frequency distribution curves and quanta[ dose-effect curves. 

A. An experiment was performed on 100 subjects and the effective concentration to pro
duce a quanta! response was determined for each individual. The number of subjects who 
required each dose is plotted, giving a lognormal frequency distribution (bars with diagonal 
lines). The stippled bars demonstrate that the normal frequency distribution, when summated, 
yields the cumulative frequency distribution-a sigmoidal curve that is a quantal concentra
tion-effect curve. 

B. Quanta[ Dose-Effect Curves. Animals were injected with varying doses of a sedative
hypnotic. and the responses determined and plotted (see text for additional explanation). 

another complexity to the determination of 
the therapeutic index in patients. Finally. 
no drug produces a single effect, and, de
pending on the effect being measured, the 
therapeutic index for a drug will vary. For 
example, much less codeine is required for 
cough suppression than for control of pain 
in 50% of the population, and thus the mar
gin of safety, selectivity, or therapeutic 
index of codeine is much greater as an anti
tussive than as an analgesic. 

OTHER FACTORS THAT AFFECT 

THERAPEUTIC OUTCOME 

The variation in pharmacokinetic and 
pharmacodynamic parameters that ac
counts for much of the need to individualize 
therapy has been discussed. Other factors, 
listed in Figure 4-1, should also be consid
ered as potential determinants of success or 
failure of therapy. The following presenta
tion serves as an introduction to these sub-

jects, some of which are also discussed 
elsewhere in this textbook. 

Drug-Drug Interactions. The use of sev
eral drugs is often essential to obtain a de
sired therapeutic objective or to treat coex
isting diseases. Examples abound, and the 
choice of drugs to be employed concur
rently can be based on sound pharmacolog
ical principles. In the treatment of hyper
tension, a single drug is effective in only a 
modest percentage of patients. In the treat
ment of heart failure, the concurrent use of 
a diuretic with a vasodilator and/or a car
diac glycoside is often essential to achieve 
an adequate cardiac output and to keep the 
patient free from edema. Multiple-drug 
therapy is the norm in cancer chemother
apy and for the treatment of certain infec
tious diseases. The goals in these cases are 
usually to improve efficacy and to delay the 
emergence of malignant cells or of microor
ganisms that are resistant to the effects of 
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available drugs. When physicians use sev
eral drugs concurrently, they face the prob
lem of knowing whether a specific combi
nation in a given patient has the potential to 
result in an interaction, and, if so, how to 
take advantage of the interaction if it leads 
to improvement in efficacy or how to avoid 
the consequences of an interaction if they 
are adverse. 

A potential drug interaction refers to the 
possibility that one drug may alter the in
tensity of pharmacological effects of an- -
other drug given concurrently. The net re
sult may be enhanced or diminished effects 
of one or both of the drugs or the appear
ance of a new effect that is not seen with 
either drug alone. 

The frequency of significant beneficial or 
adverse drug interactions is unknown. Sur
veys that include data obtained in vitro, in 
animals, and in case reports tend to predict 
a frequency of interactions that is higher 
than actually occurs. While such reports 
have contributed to skepticism about the 
overall importance of drug interactions, 
there certainly are a number of potential 
interactions of clinical importance, and the 
physician must be alert to the possibility of 
their occurrence (Mcinnes and Brodie, 
1988). Estimates of the incidence of clinical 
drug-drug interactions range from 3 to 5% 
in patients taking a few drugs to 20% in pa
tients who are receiving 10 to 20 drugs. 
Because _most hospitalized patients receive 
at least six drugs, the scope of the problem 
is clearly significant (Steel et al., 1981). 
Recognition of beneficial effects arid recog
nition and prevention of adverse drug inter
actions require a thorough knowledge of 
the intended and possible effects of drugs 
that are prescribed, a mental set to attribute 
unusual events to drugs rather than to dis
ease, and adequate observation of the pa
tient. Automated monitoring of- prescrip
tion orders in the hospital or outpatient 
pharmacy may decrease the physician's 
need to memorize potential interactions. 
Nevertheless, knowledge of likely mecha
nisms of drug interactions is the only way 
the clinician can be prepared to analyze 
new findings systematically. It is incum
bent upon the physician to be familiar with 
the basic principles of drug-drug interac
tions in planning a therapeutic regimen. 

Such reactions are discussed for individual 
drugs throughout this textbook. (See also 
Hans ten, 1985; Rizack and Hillman, 1987; 
Tatro, 1988.) 

Interactions may be -either pharmacoki
netic (alteration of the absorption, distribu
tion, or disposition of one drug by another) 
or pharmacodynamic (e.g., interactions 
between agonists and antagonists at drug 
receptors). The most important adverse 
drug-drug interactions occur with drugs 
that have easily recognizable toxicity and a 
low therapeutic index, such that relatively 
small changes in drug effect can have signif
icant adverse consequences. Additionally, 
drug-drug interactions can be important if 
the disease being controlled with the drug 
is serious or potentially fatal if untreated 
and if therapeutic end points are clearly 
defined. Thus, major interactions have 
involved oral anticoagulants, oral hypogly
cemics, antibiotics, antiepileptics, antiar
rhythmics, and cardiac glycosides. 

Pharmacokinetic Drug Interactions. 
Drugs may interact at any point during their 
absorption, -distribution, metabolism, or 
excretion; the result may- be an increase or 
decrease in the concentration of drug at the 
site of action. Since individuals vary in 
their rate of disposition of any given drug, 
the magnitude of an interaction that- alters 
pharmacokinetic parameters is not always 
predictable, but can be very significant. 

The delivery of drug into the circulation may be 
altered by physicochemical interactions that occur 
priorto absorption. For example, drugs may inter~ 
act in an intravenous solution to produce an insolu
ble precipitate that may or may not be obvious. In 
the gut, drugs may chelate with metal ions or ad
sorb to medicinal resins. Thus, Ca2 + and other me
tallic cations contained in antacids are chelated by 
tetracycline, and the complex is not absorbed. 
Cholestyramine adsorbs and inhibits the absorption 
of thyroxine, cardiac glycosides, warfarin, cortico
steroids, and probably other drugs. The rate and 
sometimes the extent of absorption can be affected 
by drugs' that reduce gastric motility, but this is 
usuall)f of little clinical consequence. Interactions 
withip the gut may be indirect and complex. Antibi
otics/ that alter the gastrointestinal flora can reduce 
the fate of bacterial synthesis of vitamin K such 
that the effect of oral anticoagulants, which com
pete- with vitamin K, will be enhanced. If a drug is 
metabolized by the gastrointestinal microorgan
isms, antibiotic therapy may result in an increase in 
the absorption of the drug, as has been demon
strated for some patients receiving digoxin (Lin
denbaum et al., 1981). 
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Many drugs are extensively bound to plasma al
bumin (acidic drugs) or a 1-acid glycoprotein (basic 
drugs). In general, only unbound drug is free to 
exert an effect or to be distributed to the tissues. 
Thus, displacement of one drug from its binding 
site by another might be expected to result in a 
cha,nge in drug effects. Although such binding/ 
displacement interactions occur, they are rarely of 
clinical significance. This is because the displaced 
drug distributes rapidly into the tissues; the larger 
the apparent volume of distribution of the drug, the 
less is the rise in the concentration of free drug in 
the plasma. Furthermore, following the displace
ment, more free drug is available for metabolism 
and excretion. Thus, the body's clearance pro
cesses eventually reduce the free drug concentra
tion to that which existed prior to the, drug-dis
placement interaction. As a result, the effect of 
such an interaction is usually small,- transient, and 
frequently unrecognized. However, the relation
ship of free drug to the total (bound plus free) drug 
is changed, and the interpretation of plasma drug 
assays that- measure total drug concentration must 
be altered. 

A few drugs are actively transported to their site 
of action. For instance, the antihypertensive drugs 
guanethidine and- guanadrel cause inhibition of 
sympathetic function after being transported -into 
adrenergic neurons by the norepinephrine uptake 
mechanism. Inhibition of this neuronal uptake sys
tem by tricyclic antidepressants and some sympa
thomimetic amines _ will inhibit the sympathetic 
blockade and reduce the antihypertensive effects of 
guanethidine and guanadrel. 

Interactions involving drug metabolism can in-· 
crease or decrease the amount of drug available for 
action by inhibition or induction of metabolism, 
respectively. Inhibition of metabolism is usually 
more predictable than induction, which is b:lflu
enced by genetic differences between patients. 
Examples of drugs that inhibit the metabolism 
of- others include inhibitors of some isozyines of 
cytochrome P450 (cimetidine, amiodarone, phenyl
butazone, isoniazid, sodium valproate, and eryth
romycin), xanthine oxidase (allopurinol), and mon
oamine oxidase (MAO) inhibitors. Drugs that 
accelerate the metabolism of other agents include 
barbiturates, rifampin, phenytoin, carbamazepine, 
chronic smoking, and certain chlorinated hydrocar
bons. The effects of enzyme induction are most 
obvious when drugs are given orally, because all of 
the absorbed compound must pass through the 
liver prior to reaching the systemic circulation. 
Therefore, even for drugs that have a systemic 
clearance that is mainly dependent on hepatic 
blood flow (e.g., propranolol), the amount of drug 
that escapes metabolism on the first pass will be 
influenced by enzyme induction. Examples of 
drugs that are affected by enzyme inducers are oral 
anticoagulants, quinidine, corticosteroids, low
dose estrogen contraceptives, theophylline, mexi
letine,-methadone, and some f3-adrenergic blocking 
agents. 

The ability of one drug to inhibit the renal excre
tion of another is dependent on an interaction at 
active transport sites. Many of the reported inter-

actions occur at the anion transport site, where, for 
example, probenecid inhibits the excretion of peni
cillin to cause the desirable effects of elevated 
plasma concentrations of the antibiotic and a longer 
half-life. Similarly, the renal elimination of metho
trexate is inhibited by probenecid, salicylates, and 
phenylbutazone, but in this case methotrexate tox-
icity may result from the interaction. Interactions 
at the transport site for basic drugs include the inhi_
bition of excretion of procainamide by cimetidine 
and amiodarone. An interaction at an unknown 
tubular site causes inhibition of the excretion of 
digoxin by quinidine, verapamil, and amiodarone. 
Finally, the excretion of Li + can be affected by 
drugs that alter the ability of the proximal renal 
tubule to reabsorb Na+. Thus, clearance of Li+ is 
reduced and concentrations of Li+ in plasma are 
increased by diuretics that cause volume depletion 
and by nonsteroidal antiinflammatory drugs that 
enhance proximal tubular reabsorption of N a+. 

Pharmacodynamic Interactions. There 
are numerous examples of drugs that inter
act at a common receptor site or that have 
additive or inhibitory effects due to actions 
at different sites in an organ. Such interac
tions are described throughout this text
book. Frequently overlooked is the· multi
plicity of effects of many drugs. Thus, 
phenothiazines are effective a-adrenergic 
antagonists; many antihistamines and 'tricy~ 
clic antidepressants are potent inhibitors of 
muscarinic receptors. These 4 4 minor'' ac
tions of drugs may be the cause of drug in
teractions. 

Other interactions of an apparently pharmacody
namic nature are poorly understood or are medi
ated indirectly. Halogenated hydrocarbons, includ
ing many general anesthetics, sensitize the 
myocardium to the arrhythmogenic actions of cate
cholamines. This effect may result from an action 
on the pathway that leads from adrenergic receptor 
to effector, but the details are unclear. The striking 
interaction between meperidine and monoamine 
oxidase inhibitors to produce seizures and hyper
pyrexia may be related to excessive amounts of an 
excitatory neurotransmitter, but the mechanism 
has not been elucidated. 

One drug may alter the normal internal milieu, 
thereby augmenting or diminishing the effect of 
another agent. A well-known example of such art 
interaction is the enhancement of the toxic effects 
of digoxin as a result of diuretic-induced hypoka
lemia. 

Summary. Drug-drug interactions are 
only one of the many factors discussed in 
this chapter that can alter the patient's re
sponse to therapy. The major task of the 
physician is to determine if an interaction 
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has occurred and the magnitude of its ef
fect. When unexpected effects are seen, a 
drug interaction should be suspected. Care
ful drug histories are important because 
patients may take over-the-counter drugs, 
may take drugs prescribed by another phy
sician, or may take drugs prescribed for 
another patient. Care must be exercised 
when major changes are made in a drug reg
imen, and drugs that are not necessary 
should be discontinued. When an interac
tion is discovered, the interacting drugs 
may often be used effectively with adjust
ment of dosage or other therapeutic modifi
cations. 

Fixed-Dose Combinations. The concomi
tant use of two or more drugs adds to the 
complexity of individualization of drug 
therapy. The dose of each drug should be 
adjusted to achieve optimal benefit. Thus, 
patient compliance is essential, yet more 
difficult to achieve. To obviate the latter 
problem many fixed-dose drug combina
tions are marketed. The use of such combi
nations is advantageous only if the ratio of 
the fixed doses corresponds to the needs of 
the individual patient. 

In the United States, a fixed-dose combi
nation of drugs must be approved by the 
Food and Drug Administration (FDA) be
fore it can be marketed, even though the 
individual drugs are available for concur
rent use. To be approved, certain condi
tions must be met. The two drugs must act 
to achieve a better therapeutic response 
than either drug alone (e.g., many antihy
pertensive drug combinations); or one drug 
tnust act to reduce the incidence of adverse 
effects caused by the other (e.g., a diuretic 
that promotes the urinary excretion of K + 
combined with a K+ -sparing diuretic). 

Placebo Effects. The net effect of drug 
therapy is the sum of the pharmacological 
effects of the drug and the nonspecific pla
cebo effects associated with the therapeutic 
effort. Although identified specifically with 
administration of an inert substance in the 
guise of medication, placebo effects are 
associated with the taking of any drug, ac
tive as well as inert. 

Placebo effects result from the physician
patient relationship, the significance of the 

therapeutic effort to the patient, and the 
mental set imparted by the therapeutic set
ting and by the physician. They vary signifi
cantly in different individuals and in any 
one patient at different times. Placebo ef
fects are commonly manifested as altera
tions of mood, other subjective effects, and 
objective effects that are under autonomic 
or voluntary control. They may be favora
ble or unfavorable relative to the therapeu
tic objectives. Exploited to advantage, pla
cebo effects can significantly supplement 
pharmacological effects and can represent 
the difference between success and failure 
of therapy (Brody, 1982). 

A placebo (in this context. better termed dummy 
medication) is an indispensable element of the con
trolled clinical trial. In contrast, a placebo has only 
a limited role in the routine practice of medicine. 
Although the inert medication may be an effective 
vehicle for a placebo effect, the physician-patient 
relationship is generally preferable. Relief or lack 
of relief of symptoms upon administration of a pla
cebo is not a reliable basis for determining whether 
the symptoms have a .. psychogenic .. or .. somatic .. 
origin. 

Tolerance. Tolerance may be acquired 
to the effects of many drugs, especially the 
opioids, various central nervous system 
(CNS) depressants, and organic nitrates. 
When this occurs, cross-tolerance may 
develop to the effects of pharmacologically 
related drugs, particularly those acting at 
the same receptor site, and drug dosage 
must be increased to maintain a given ther
apeutic effect. Since tolerance does not 
usually develop equally to all effects of a 
drug, the therapeutic index may decrease. 
However, there are also examples of the 
development of tolerance to the undesired 
effects of a drug and a resultant increase in 
its therapeutic index (e.g., tolerance to se
dation produced by phenobarbital when 
used as an anticonvulsant). 

The mechanisms involved in the development of 
tolerance are only partially understood. In animals, 
tolerance often occurs as the result of induced syn
thesis of the hepatic microsomal enzymes involved 
in drug biotransformation; the possible significance 
of this drug-disposition or pharmacokinetic toler
ance during chronic medication in man is an area of 
continuing investigation. The most important fac
tor in the development of tolerance to the opioids, 
barbiturates, ethanol, and organic nitrates is some 
type of cellular adaptation referred to as pharmaco-
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dynamic tolerance; multiple mechanisms are in
volved. Tachyphylaxis, such as that to histamine
releasing agents and to the sympathomimetic 
amines that act indirectly by releasing norepineph
rine, has been attributed to. depletion of availa~le 
mediator, but other mechamsms may also contnb
ute. The subject of tolerance is discussed in more 
detail in Chapter 22. 

Genetic Factors. Genetic factors are the 
major determinants of the normal variabil
ity of drug effects and are responsible for a 
number of striking quantitative and qualita
tive differences in pharmacological activity 
(Vesell, 1986). Many of the genetically de
termined quantitative differences in drug 
response are due to polygenic influences on 
drug metabolism, which result in a more or 
less normal distribution of rates of drug 
clearance across the population. Recently, 
however, there has been an increasing 
number of drugs whose metabolic clear
ances segregate into distinct groups be
cause the drug biotransformation is con
trolled by a single gene. 

Metabolic processes that are under monogenic 
control include (1) N-acetyltransferase-catalyzed 
N-acetylation of isoniazid, procainamide, hydrala
zine, dapsone, sulfamethazine, sulfasalazine, and 
some potential carcinogenic amines (Horai and 
Ishizaki, 1987); (2) cytochrome P450-catalyzed oxi
dation of several J3-adrenergic receptor blocking 
agents, encainide, propafenone, tricyclic antide
pressants, phenformin, and dextromethorphan 
(Clark, 1985; Gonzalez, et al., 1988); (3) several 
methyltransferase-catalyzed methylations of 
thiopurines (mercaptopurine, thioguanine, and aza
thioprine), aliphatic thiol-containing drugs (capto
pril and penicillamine), catecholamines, and possi
bly histamine (Weinshilboum, 1988); and (4) plasma 
cholinesterase-catalyzed hydrolysis of succinyl
choline. The quantitative differences in drug re
sponse in patients with these genetically deter
mined differences in drug metabolism are due to 
greater or lesser amounts of active compound in 
the body, whether this be the parent drug or an 
active metabolite. 

Genetically determined qualitative differences in 
drug effect occur when a known minor toxic prop
erty of a drug assumes an exaggerated importance 
due to a genetic defect in the ability to avoid the 
toxicity. For example, individuals who are defi
cient in glucose-6-phosphate dehydrogenase activ
ity are unable to cope with the oxidative stress pro
duced by some drugs, resulting in drug-induced 
hemolysis. 

The objectives of pharmacogenetics in
clude not only identification of differences 

in drug effects that have a genetic basis but 
also development of simple methods by 
which susceptible individuals can be recog
nized before the drug is administered. 

APPROACH TO INDIVIDUALIZATION 

After it has been determined that phar
macotherapy is necessary to modify the 
symptoms or outcome of a disease, the 
therapist is faced with two types of deci
sions: the first is qualitative (the initial 
choice of a specific drug) and the second 
quantitative (the initial dosage regimen). 
Optimal treatment will result only when the 
physician is aware of the sources of varia
tion in response to drugs, and when the 
dosage regimen is designed on the basis of 
the best available data about the diagnosis, 
severity and stage of the disease, presence 
of concurrent diseases or drug treatment, 
and predefined goals of acceptable efficacy 
and limits of acceptable toxicity. If objec
tively assessable expectations of drug ther
apy are not set before therapy is initiated, 
therapy is likely to be ineffective and con
tinued longer than necessary, unless an 
obvious adverse effect occurs. 

In most clinical settings, the decision 
about the choice of drug is substantially in
fluenced by the confidence the physician 
has in the accuracy of his diagnosis and es
timates of the extent and severity of dis
ease. Based on the best available informa
tion, the physician must decide on an initial 
drug from a group of reasonable alterna
tives. The extent of this evaluation is itself 
dependent on many factors, including a 
cost-benefit analysis of diagnostic tests, 
and this must be based on the availability 
and specificity of alternative therapies 
(Pauker and Kassirer, 1987). The initial 
dosage regimen is determined by estima
tion, if possible, of the pharmacokinetic 
properties of the drug in the individual pa
tient. The estimate must be based on an 
appreciation of the variables that are most 
likely to affect the disposition of the partic
ular drug. These variables have been dis
cussed above (see Figure 4-1 and Appen
dix II). Subsequent adjustments may be 
aided in some instances by measurement of 
drug concentrations but must ultimately be 
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based on whether the regimen is effica
cious, either without adverse effects or at 
an acceptable level of toxicity. 

It has been stated above that every thera
peutic plan is and should be treated as an 
experiment. As such, most of the consider
ations that were specified in the discussion 
of clinical trials must be applied to individ
ual patients. Of utmost importance is the 
definition of specific goals of treatment and 
the means to assess whether these goals are 
being achieved. Whenever possible, the 
objective end point should be related as 
closely as possible to the clinical goals of 
therapy (e.g., shrinkage of a tumor or eradi
cation of an infection). Many clinical goals 
are, however, difficult to assess (e.g., the 
prevention of cardiovascular complications 
associated with hypertension and diabetes). 
In such cases it is necessary to set interme
diate end points to therapy, such as a re
duction in blood pressure or the concen
tration of glucose in plasma. These 
intermediate end points are based on dem
onstrated or assumed correlations with the 
ultimate clinical benefit. In many cases, 
such as reduction of the concentration of 
cholesterol in plasma by drugs or the elimi
nation of asymptomatic ventricular ar
rhythmias, the link between the intermedi
ate goal and the ultimate goal ts 
controversial. 

Certain general considerations apply to 
the individualization of a drug regimen and 
the concept of intermediate end points. The 
value or utility of the regimen obviously 
needs to be assessed at intervals during the 
course of therapy. The utility of a regimen 
can be defined as the benefit it produces 
plus the dangers. of :not treating the. disease 
minus the sum of the adverse . effects of 
therapy. Another common expression of 
the usefulness of a regimen is its ratio of 
risks to benefits (representing a balance 
between the efficacious and toxic effects of 
the drug). A definitive evaluation of the 
utility of a drug is not easy; nevertheless, 
some sense of the value of a regimen must 
be established in the minds of the physician 
and the patient. Knowledge of the useful
ness of a given regimen may be a critical 
determinant of protracted compliance by 
the patient to a long-term regimen or logical 
discontinuation by the physician of a mar-

ginally efficacious and risky therapy. It 
must be remembered that the physician, the 
patient, and the patient's family may have 
disparate opinions of the utility of a thera
peutic regimen. In one study of antihyper
tensive therapy where all patients were 
judged to be improved by the physician, 
only 48% of the patients considered them
selves improved and 8% felt worse. Rela
tives thought that only 1% of the patients 
were improved and that 99% had evidence 
of adverse effects of therapy (J achuck 
et al., 1982). 

DRUG REGULATION AND 
DEVELOPMENT 

DRUG REGULATION 

The history of drug regulation in the United 
States reflects the growing involvement of govern
ments in most countries to ensure some degree of 
efficacy and safety in marketed medicinal agents. 
The first act, the Federal Food and Drug Act of 
1906, was concerned with the interstate transport 
of adulterated or misbranded foods and drugs. 
There were no obligations to establish drug efficacy 
and safety. The federal act was amended in 1938, 
following the deaths of about 100 children that re
sulted from the marketing of a solution of sulfanila
mide in diethylene glycol, an excellent but highly 
toxic solvent. The amended act, the enforcement of 
which was entrusted to the FDA, was primarily 
concerned with the truthful labeling and safety of 
drugs. Toxicity studies were required, as well as 
approval of a new drug application (NDA), before a 
drug could be promoted and distributed. However, 
no proof of efficacy was required, and extravagant 
claims for therapeutic indications were commonly 
made. Drugs could go from the laboratory to clini
cal testing without approval by the FDA. 

In this relatively relaxed atmosphere, research in 
basic and clinical pharmacology burgeoned in both 
industrial and academic laboratories. The result 
was a flow of new drugs, called '"wonder drugs" by 
the lay press, for the treatment of both infectious 
and organic disease. Because efficacy was not rig
orously defined, a number of therapeutic claims 
could not be supported by data. The risk-to-benefit 
ratio was seldom mentioned, but it emerged in dra
matic fashion early in the 1960s. At that time thalid
omide, a hypnotic with no obvious advantage over 
other drugs in its class, was introduced in the Euro
pean market. After a short period, it became appar
ent that the incidence of a relatively rare birth de
fect, phocomelia, was increasing. It soon reached 
epidemic proportions, and retrospective epidemio
logical research firmly established the causative 
agent to be thalidomide taken early in the course of 
pregnancy. The reaction to the dramatic demon
stration of the teratogenicity of a needless drug was 
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worldwide. In the United States it resulted in the 
Harris-Kefauver Amendments to the Food, Drug, 
and Cosmetic Act in 1962. 

The Harris-Kefauver Amendments are sound 
legislation. They require sufficient pharmacological 
and toxicological research in animals before a drug 
can be tested in man. The data from such studies 
must be submitted to the FDA in the form of an 
application for an investigational new drug (IND) 
before clinical studies can begin. Three phases of 
clinical testing (see below) have evolved to provide 
the data that are used to support a new drug appli
cation. For drugs introduced after 1962, proof of 
efficacy is required, as is documentation of relative 
safety in terms of the risk-to-benefit ratio for the 
disease entity to be treated. The 1962 amendments 
also required manufacturers to provide data to sup
port the claims of efficacy for all drugs marketed 
between 1938 and 1962. . 

The provisions of the Harris-'-Kefauver amend
ments have greatly increased the time and the cost 
required to market a new drug. Moreover, although 
the law requires action on the part of the FDA 
within a period of 6 months, an NDA may be re
turned to the applicant for additional basic or clini
cal research, so that the period actually required 
for approval of an NDA :is on the order of 2 to 3 
years. The total time of drug development from the 
time of filing of an IND application to ·final ap
proval averages 8 to 9 years (Kaitin et al., 1987). 
The result has been an increase in the inherent ten
sion that exists between the FDA, which is moti
vated to protect the public health, and the drug 
developers, who are motivated to market effective 
and profitable drug products. Additionally, medical 
practitioners have criticized the FDA for delaying 
the approval of new drugs, whereas some -con
sumer groups demand the recall of drugs that may 
play an important part in the therapeutic regimen of 
appropriately selected patients. In this climate, the 
FDA has the difficult task of balancing the require
ment to ensure the safety of new drugs with the. 
needs of society for useful medications to be made 
available in a timely manner. This dilemma has 
been brought into sharp focus recently by the de
mands of patients with acquired immunodeficiency 
syndrome (AIDS) for new and effective therapies. 
In response to the needs of patients with AIDS and 
other life-threatening illnesses, the FDA is moving 
on several fronts (Young et al., 1988). First, the 
FDA has initiated new · •treatment" IND regula
tions that allow patients with life-threatening dis
eases for which there is no satisfactory alternative 
treatment to receive drugs for therapy prior to gen
eral marketing if there is limited evidence of drug 
efficacy without unreasonable toxicity (Figure 
4-4). Second, the agency has established a priority 
review system for potentially useful AIDS-related 
drugs to assure that the review process is expe
dited. Finally, the FDA is attempting to be in
volved more actively in drug development in order 
to facilitate the approval of drugs designed to treat 
life-threatening and severely debilitating diseases. 
By working with the pharmaceutical industry 
throughout the period of clinical drug development 
instead of involving themselves only at the end of 

this process, the FDA hopes to reduce the time 
from submission of an IND application to the ap
proval of an NDA. This streamlining process will 
be accomplished by the interactive design of well
planned, focused clinical studies. Sufficient data 
should then be available earlier in the development 
process to allow a risk-benefit analysis and a pos
sible decision for approval. In some cases this sys
tem may reduce or obviate the need for phase-3 
testing prior to approval. Coupled with this expe
dited development process will be the requirement, 
when appropriate, for postmarketing studies to 
answer remaining issues of risks, benefits, and op
timal uses of the drug (Federal Register, 1988). 
This new initiative by the FDA is based on the as
sumption that society is more willing to accept un
known risks from drugs used to treat life-threaten
ing or debilitating diseases. As long as the patient's 
safety can be reasonably ensured, the new plans to 
accelerate the drug-development process should 
prove beneficial to patients with such illnesses. 

A seemingly contradictory directive to the FDA 
is also contain~d in the Food, Drug, and Cosmetic 
Act-that is, the FDA cannot interfere with the 
practice of medicine. Thus, once the efficacy of a 
·new agent has been proven in the context of ac
ceptable toxicity, the drug can be marketed. The 
physician is then allowed to determine its most 
appropriate use. However, physicians must realize 
that new drugs are inherently more risky because 
of the relatively small amount of data about their 
effects. Yet there is no practical way to increase 
knowledge about a drug before it is marketed. A 
systematic method for postmarketing surveillance 
is an indispensable requirement for early optimiza
tion of drug use. 

Before a drug can be marketed, a package insert 
for use by physicians must be prepared. This is a 
cooperative effort between the FDA and the phar
maceutical company. The insert usually contains 
basic pharmacological information, as well as es
sential clinical information in regard to approved 
indications, contraindications, precautions, warn
ings, adverse reactions, usual dosage, and available 
preparations. Promotional materials cannot deviate 
from information contained in the insert. 

DRUG DEVELOPMENT 

Except for concern about the so-called drug lag 
(Kennedy, 1978) and governmental interference 
with the practice of medicine, the average physi
cian has not considered it important to understand 
the process of drug development. Yet an apprecia
tion of this process is necessary if the therapist 
wishes to have the ability to estimate the risk-to
benefit ratio of a drug and to realize the limitations 
of the data that support the efficacy and safety of a 
marketed product. 

By the time an IND application has been initiated 
and a drug reaches the stage of testing in man, its 
pharmacokinetic, pharmacodynamic, and toxic 
properties have been evaluated in vitro and in sev
eral species of animals in accordance with regula
tions and guidelines published by the FDA. Al
though the value of many requirements for 
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PRECLINICAL 
TESTING 

Studies in vitro 

Animal 
Testing 

CLINICAL TESTING 

PHASE 1 

Who? Normal volunteers 
Why? Initial safety, biological effects, 

metabolism, kinetics 
By whom? Clinical pharmacologists 

PHASE 2 

Who? Selected patients 
Why? Therapeutic efficacy, dose range, 

kinetics, and metabolism 
By whom? Clinical pharmacologists 

PHASE 3 

Who? Large sample of selected patients 
Why? Safety and efficacy 
By whom? Clinical investigators 

Chronic toxicity, reproduction, teratogenicity 

NDA REVIEW 
POSTMARKETING 
SURVEILLANCE 

Who? Patients given drug for therapy 
Why? Adverse reactions, patterns 

of drug utilization, additional 
indications discovered 

By whom? All physicians 

~ 1-3 years___..! ...,., ... _______ ~--- 2-10 years ---------..f4-----r---_...T 
(Average 18 months) (Average 5.6 years) 

FDA-30 day 
Safety Review rzn = FDA REVIEW TIME 

D = DEVELOPMENT TIME 

2 months-7 years 
(Average 2.6 years) 

NDA NDA 
Submission Approved 

Figure 4-4. The phases of drug development in the United States. (Sources: Smith, 1978; Kaitin et al., 1987; Young et al., 1988.) 
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preclinical testing is self-evident, such as those that 
screen for direct toxicity to organs and characterize 
dose-related effects, the value of others is contro
versial, particularly because of the well-known in
terspecies variation in the effects of drugs. Interest
ingly, although many of the preclinical tests have 
not been convincingly shown to predict effects that 
are eventually observed in man, the risk of cautious 
testing of a new drug is surprisingly low. 

Trials of drugs in man in the United States are 
generally conducted in three phases that must be 
completed before an NDA can be submitted to the 
FDA for review; these are outlined in Figure 4-4. 
Although assessment of risk is a major objective of 
such testing, this is far more difficult than is the 
determination of whether a drug is efficacious for a 
selected clinical condition. Usually about 500 to 
3000 carefully selected patients receive a new drug 
during phase-3 clinical trials. At most, only a few 
hundred are treated for more than 3 to 6 months, 
regardless of the likely duration of therapy that will 
be required in practice. Thus, the most profound 
and overt risks that occur almost immediately after 
the drug is given can be detected in a phase-3 
study, if these occur more often than once per 100 
administrations. Risks that are medically important 
but delayed or less frequent than 1 in 1000 adminis
trations may not be revealed prior to marketing. It 
is thus obvious that a number of unanticipated ad
verse and beneficial effects of drugs are only de
tectable after the drug is used broadly. The same 
can be more convincingly stated about most of the 
effects of drugs on children or the fetus, where 
premarketing experimental studies are restricted. It 
is for these reasons that many countries, including 
the United States, have established systematic 
methods for the surveillance of the effects of drugs 
after they have been approved for distribution 
(Joint Commission on Prescription Drug Use, 1980; 
Venning, 1983; Strom, 1987a; see also below). 

ADVERSE DRUG REACTIONS 
AND DRUG TOXICITY 

Any drug, no matter how trivial its thera
peutic actions, has the potential to do harm. 
Adverse reactions are a cost of modern 
medical therapy. Although the mandate of 
the FDA is to ensure that drugs are safe and 
effective, both of these terms are relative. 
The anticipated benefit from any therapeu
tic decision must be balanced by the poten
tial risks. Patients, to a greater extent than 
physicians, are unaware of the limitations 
of the premarketing phase of drug develop
ment in defining even relatively common 
risks of new drugs. Since only a few thou
sand patients are exposed to experimental 
drugs in more or less controlled and well
defined circumstances during drug develop
ment, adverse drug effects that occur as 

frequently as 1 in 1000 patients may not be 
detected prior to marketing. Postmarketing 
surveillance of drug usage is thus impera
tive to detect infrequent but significant ad
verse effects. 

Several strategies exist to detect adverse 
reactions after marketing of a drug, but 
debate continues about the most efficient 
and effective method. Formal approaches 
for estimation of the magnitude of an ad
verse drug effect are the follow-up or ''co
hort'' study of patients who are receiving a 
particular drug and the ''case-control'' 
study, where the potential for a drug to 
cause a particular disease is assessed. Co
hort studies can estimate the incidence of 
an adverse reaction, but they cannot, for 
practical reasons, discover rare events. To 
have any significant advantage over the 
pre marketing studies, a cohort study must 
follow at least 10,000 patients who are re
ceiving the drug in order to detect with 95% 
confidence one event that occurs at a rate 
of 1 in 3300, and the event can be attributed 
to the drug only if it does not occur sponta
neously in the control population. If the 
adverse event occurs spontaneously in the 
control population, substantially more pa
tients and controls must be followed toes
tablish the drug as the cause of the event 
(Rawlins, 1984; Strom, 1987a). Case
control studies, on the other hand, can dis
cover rare drug-induced events. However, 
it may be difficult to establish the appropri
ate control group (Feinstein and Horwitz, 
1988), and a case-control study cannot es
tablish the incidence of an adverse drug ef
fect. Furthermore, the suspicion of a drug 
as a causative factor in a disease must be 
the impetus for the initiation of such case
control studies. 

The magnitude of the problem of adverse 
reactions to marketed drugs is difficult to 
quantify. It has been estimated that 3 to 5% 
of all hospitalizations can be attributed to 
adverse drug reactions, resulting in 300,000 
hospitalizations annually in the United 
States. Once hospitalized, patients have 
about a 30% chance of an untoward event 
related to drug therapy, and the risk attrib
utable to each course of drug therapy is 
about 5%. The chance of a life-threatening 
drug reaction is about 3% per patient in the 
hospital and about 0.4% per each course of 
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therapy (Jick, 1984). On a university medi
cal service where severely ill patients and 
patients with complicated courses of dis
ease are treated, adverse reactions to drugs 
were found to be the most common cause 
of iatrogenic disease (Steel et al., 1981). 

Because of the shortcomings of both co
hort and case-control studies, other ap
proaches must be used. Spontaneous re
porting of adverse reactions has. proven to 
be. an effective way to generate an early sig
nal that a drug may be causing an adverse 
event (Rawlins, 1988; Rossi et al., 1988). It 
is the only practical way to detect rare 
events, events that occur after prolonged 
use of drug, adverse effects that are de
layed in appearance, and many drug-drug 
interactions (Edlavitch, 1988). In the past 
few years considerable effort has gone into 
improving the reporting system in the 
United States, and the number of reports 
has increased recently (Faich et al., 1988). 
Still, the voluntary reporting system in the 
United States is deficient when compared 
with the legally mandated systems of the 
United Kingdom, Canada, New Zealand, 
Denmark, and Sweden (Rogers et al., 
1988). Most physicians feel that detecting 
adverse reactions is a professional obliga
tion, but relatively few actually report such 
reactions. Over 40% of physicians are not 
aware that the FDA has a reporting system 
for adverse drug reactions, even though the 
system has been repeatedly publicized in 
major medical journals. 

The most 'important spontaneous reports 
are those that describe serious reactions, 
whether they have been described previ'"7 
ously or not. Reports on newly marketed 
drugs are the most significant. even though 
the physician may not be able to attribute a 
causal role to a particular drug. The major 
use of this· system is to provide early warn
ing signals of unexpected adverse effects 
that can then be investigated by more for
mal techniques. However, the system also 
serves to monitor changes in the nature or 
frequency of adverse drug reactions due to 
aging of the population, changes in the dis
ease itself, or the introduction of new, con
current therapies. The primary sources for 
the reports are responsible, alert physi
cians; other potentially useful sources are 
nurses, pharmacists, and students in these 

disciplines. In addition, hospital based 
pharmacy and therapeutics committees and 
quality assurance committees frequently 
are charged with monitoring adverse drug 
reactions in hospitalized patients, and re
ports from these committees should be for
warded to the FDA (Edlavitch, 1988). The 
simple, one-page forms for reporting are 
now readily available as the last page of the 
Physicians' Desk Reference and AMA 
Drug Evaluations and are mailed to all phy
sicians at least yearly as part of the FDA 
·'Drug Bulletin.'' Additionally, physicians 
may contact the pharmaceutical manufac
turer and/or write to the Office of Epidemi
ology and Biostatistics (HFN-700), Center 
for Drug Evaluation and Research, Food 
and Drug Administration, Parklawn Build
ing, Rockville, MD 20857 (Faich et al., 
1988). 

As with drug interactions, classification 
of adverse effects of drugs according to in
formation about their causes provides a 
framework for the transfer of principles to 
the clinical setting. Such classification ap
pears in Chapter 3. In addition, the clinician 
obviously also needs to know the frequen
cies and types ·of untoward effects caused 
by each individual drug prescribed; such 
inform~tion is :Presented throughout this 
textbook. 

GUIDE TO THE ''THERAPEUTIC 
JUNGLE'' 

The flood of new drugs in recent years 
has provided many dramatic improvements 
in therapy, but it has also created a number 
of problems of equal magnitude. Not the 
least of these is the ·'therapeutic jungle,'' 
the term used to refer to the combination of 
the overwhelming number of drugs, the 
confusion over nomenclature, and the asso
ciated uncertainty of the status of many of 
these drugs. A reduction in the marketing 
of close congeners and drug mixtures and 
an improvement in the quality of advertis
ing are important ingredients in the remedy 
for the ·'therapeutic jungle.'' However, 
physicians can also contribute to the rem
edy by employing nonproprietary rather 
than proprietary names whenever appropri
ate, by using prototypes both as an instruc
tional device and in clinical practice, by 
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adopting a properly critical attitude toward 
new drugs, and by knowing and making use 
of reliable sources of pharmacological in
formation. Most important, they should 
develop a ''way of thinking about drugs'' 
based upon pharmacological principles. 

Drug Nomenclature. The existence of 
many names for each drug, even when re
duced to a minimum, has led to a lamenta
ble and confusing situation in drug nomen
clature. In addition to its formal chemical 
name, a new drug is usually assigned a code 
name by the pharmaceutical manufacturer. 
If the drug appears promising and the man
ufacturer wishes to place it on the market, a 
United States Adopted Name (USAN) is 
selected by the USAN Council, which is 
jointly sponsored by the American Medical 
Association, the American Pharmaceutical 
Association, and the United States Pharma
copeia1 Convention, Inc. This nonproprie
tary name is often referred to as the generic 
name. This term has ·become entrenched, 
but by definition it should be more properly 
reserved to designate a chemical or phar
macological class of drugs, such as sulfona
mides or sympathomimetics. If the drug is 
eventually admitted to The United States 
Pharmacopeia (see below), the USAN be
comes the official name. However, the 
nonproprietary name and the official name 
of an older drug may differ. Subsequently, 
the drug will also be assigned a proprietary 
name or trademark by the manufacturer. If 
the :drug is marketed by more than one 
company, it may have several proprietary 
names. If mixtures of the drug with other 
agents are marketed, each such mixture 
may also have a separate proprietary name-. 

There is increasing worldwide adoption 
of the same name for each therapeutic sub
stance. For newer drugs, the USAN is usu
ally adopted for the nonproprietary name in 
other countries, but this is not true for older 
drugs. International agreement on drug 
names is mediated through the World 
Health . Organization and the pertinent 
health agencies of the cooperating coun
tries. 

One area of continued confusion and ambiguity 
is the designation of the stereochemical composi
tion in the name of a drug. The nonproprietary 
names usually give no indication of the drug's ster-

eochemistry, except for a few drugs such as levo
dopa and dextroamphetamine. Even the chemical 
names cited by the USAN Council are often ambig
uous. Physicians and other medical scientists are 
frequently ignorant about drug stereoisomerism 
and are likely to remain so until the system of non
proprietary nomenclature incorporates stereoiso
meric information (Gal, 1988). 

The nonproprietary or official name of a 
drug should be used whenever possible, 
and such a practice has been adopted in this 
textbook. The use of the nonproprietary 
name is clearly less confusing when the 
drug is available under multiple proprietary 
names and when the nonproprietary name 
more readily identifies the drug with its 
pharmacological class. The best argument 
for the proprietary name is that it is fre
quently more easily pronounced and re
membered as a result of advertising. For 
purposes of identification, representative 
proprietary names, designated by 
SMALLCAP TYPE, appear throughout the 
text in chapter sections dealing with prepa
rations as well as in the index. This list is 
far from complete, since the number of pro~ 
prietary names for a single drug may be 
large and since proprietary names differ 
from country to country. 

The Drug Price Competition and Patent 
Term Restoration Act of 1984 allows more 
generic versions of brand-name drugs to be 
approved for marketing. When the physi
cian prescribes drugs, the question arises as 
to whether the nonproprietary ·name or a 
proprietary name should be employed. In 
practically all states, a pharmacist may sub
stitute a preparation that is equivalent un
less the physician indicates ''no substitu
tion" on the prescription~ Likewise, if the 
nonproprietary name. of a drug is employed, 
the physician can specify the manufacturer. 
In view of the discussion above on the indi-: 
vidualization of drug therapy, it is under
standable why a physician who has care
fully adjusted the dose of a drug to a 
patient's individual requirements for 
chronic therapy may be reluctant to surren
der control over the source of the drug that 
the patient receives (Strom, 1987b). 

Based on a number of considerations, 
such as the frequency of use of a drug that 
is only available from a single manufac
turer, the cost of filling a prescription, and 
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the mark-up of the pharmacist, it appears as 
though the overall savings to society of pre
scribing the least expensive nonproprietary 
preparation is about 5% (see Trout and Lee, 
1981). Of course, savings in individual situ
ations can be very much greater. On the 
other hand, the lower wholesale cost of the 
nonproprietary preparation is sometimes 
not passed on to the consumer (Bloom 
et al., 1986). More importantly, prescribing 
~Y nonproprietary name could result in the 
patient receiving a preparation of inferior 
quality or of uncertain bioavailability, and 
therapeutic failures due to decreased bioa
vailability have been reported (Strom, 
1987b). To address this issue, the FDA has 
established standards for bioavailability 
and compiled information about the inter
changeability of drug products; unfortu
nately, data on therapeutic equivalence 
based on clinical studies do not exist for 
most of these products (Approved Prescrip
tion Drug Products with Therapeutic Eval
uations, 1987). In spite of this limitation, 
potential cost savings to the individual pa
tient and simplification of the · •therapeutic 
jungle'' dictate that nonproprietary names 
be used when prescribing, except for drugs 
with a low therapeutic index and known dif
ferences in bioavailability among marketed 
products (Medical Letter, 1986). 

Use of Prototypes. It is obviously crucial 
for the physician to be thoroughly familiar 
with the pharmacological properties of a 
drug before it is administered. It follows 
that the patient will benefit if the physician 
avoids the temptation to choose from many 
different drugs for the patient's regimen. A 
physician's needs for therapeutic agents 
can usually be satisfied by thorough knowl
edge of one or two drugs in each therapeu
tic category. Inevitably, a small number of 
drugs can be used more effectively. When 
the clinical setting calls for a drug that the 
physician uses infrequently, he or she 
should feel obligated to learn about its ef
fects, to use great caution in its administra
tion, and to apply appropriate procedures 
in monitoring its effects. 

For teaching purposes in this textbook, 
the confusion created by the welter of simi
lar drugs is reduced by restricting major at
tention to prototypes in each pharmacologi-

cal class. Focusing on the representative 
drugs results in better characterization of a 
class as a whole, ·and thereby permits 
sharper recognition of the occasional mem
ber that possesses unique properties. A 
teaching prototype is often the agent most 
likely to be employed in clinical use, but 
this is not always true. A particular drug 
may be retained as the prototype, even 
though a new congener is clinically supe
rior, either because more is known about 
the older drug or because it is more illustra
tive for the entire class of agents. 

Attitude toward New Drugs. A reason
able attitude toward new drugs is summa
rized by the adage that advises the physi
cian to be ··neither the first to use a new 
drug nor the last to discard the old.'' Only a 
minor fraction of new drugs represents a 
significant therapeutic advance. The limita
tion of information about toxicity and effi
cacy at the time of release of a drug has 
been emphasized above, and this is particu
larly pertinent to comparisons with . older 
agents in the same therapeutic class. Nev
ertheless, the important advances in thera
peutics in the last 50 years emphasize the 
obligation to keep abreast of significant 
advances in pharmacotherapy. 

SOURCES OF DRUG 
INFORMATION 

The physician· s need for objective, con
cise, and well-organized information on 
drugs is obvious. Among the available 
sources are textbooks of pharmacology and 
therapeutics; leading medical journals, drug 
compendia, professional seminars and 
meetings, and advertising. Despite this cor
nucopia of information, responsible medi
cal spokesmen insist that most practicing 
physicians are unable to extract the objec
tive and unbiased data required for the 
practice of rational therapeutics (see Task 
Force, 1969). 

Depending on their aim and scope, phar
macology textbooks provide (in varying 
proportions) basic pharmacological princi
ples, critical appraisal of useful categories 
of therapeutic agents, and detailed descrip
tions of individual drugs or prototypes that 
serve as standards of reference for assess-
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ing new drugs. In addition, pharmacody
namics and pathological physiology are 
correlated. Therapeutics is considered in 
virtually all textbooks of medicine, but 
often superficially. For obvious reasons, 
textbooks cannot contain information on 
the most recently introduced drugs. 

The source of information described as 
most often used by physicians in an indus
try survey is the Physicians' Desk Refer
ence (PDR). The brand-name manufactur
ers whose products appear support this 
book. No comparative data on efficacy, 
safety, or cost are included. The informa
tion is identical to that contained in drug 
package inserts, which are largely based on 
the results of phase-3 testing; its primary 
value is thus in learning what indications 
for use of a drug have been approved by 
the FDA. 

There are, however, several inexpensive, 
unbiased sources of information on the clin
ical uses of drugs that are preferable to the 
industry-supported PDR. All recognize that 
the physician· s legitimate use of a drug in a 
particular patient is not limited by FDA
approved labeling in the package insert. 
The United States Pharmacopeia Dispens
ing Information (USPDI), first published in 
1980, comes in two volumes. One, Drug 
Information for the Health Care Provider, 
consists of drug monographs that contain 
practical, clinically significant information 
aimed at minimizing the risks and enhanc
ing the benefits of drugs. Monographs are 
developed by USP staff and are reviewed 
by advisory panels and other reviewers. 
The Advice for the Patient volume is in
tended to reinforce, in lay language, the 
oral consultation provided by the therapist, 
and this may be provided to the patient in 
written form. It is planned that the volumes 
will be published frequently. The American 
Hospital Formulary Service (AHFS), pub
lished by the American Society of Hospital 
Pharmacists, is a collection of monographs 
that are kept current by periodic supple
ments. The monographs are written on a 
single drug; there are also general discus
sions of drugs that are included in a defined 
class. AMA Drug Evaluations, compiled by 
the American Medical Association Depart
ment of Drugs in cooperation with the 
American Society for Clinical Pharmacol-

ogy and Therapeutics, includes general in
formation on the use of drugs in special set
tings (e.g., pediatrics, geriatrics, renal 
insufficiency, etc.) and reflects the consen
sus of a panel on the effective clinical use of 
therapeutic agents. Facts and Comparisons 
(Olin, 1988), published by a division of J. B. 
Lippincott Company, is also organized by 
pharmacological classes and is updated 
monthly. Information in monographs is pre
sented in a standard format and incorpo
rates FDA-approved information, which is 
supplemented with current data obtained 
from the biomedical literature. A useful fea
ture is the comprehensive list of prepara
tions with a ''Cost Index,'' an index of the 
average wholesale price for equivalent 
quantities of similar or identical drugs. 

Industry promotion, in the form of direct
mail brochures, journal advertising, dis
plays, professional courtesies, or the detail 
person or pharmaceutical representative, is 
intended to be persuasive rather than edu
cational. The pharmaceutical industry can
not, should not, and indeed does not pur
port to be responsible for the education of 
physicians in the use of drugs. 

Over 1500 medical journals are published 
regularly in the United States. However, of 
the two to three dozen medical publications 
with circulations in excess of70,000 copies, 
the great majority are sent to physicians 
free of charge and paid for by the industry. 
In addition, special supplements of some 
peer-reviewed journals are entirely sup
ported by a single drug manufacturer whose 
product is ~rominently featured and favora
bly described. Objective journals, which 
are not supported by drug manufacturers, 
include Clinical Pharmacology and Thera
peutics, which is devoted to original arti
cles that evaluate the actions and effects of 
drugs in man, and Drugs, which publishes 
timely reviews of individual drugs and drug 
classes. The New England Journal of Medi
cine, Annals of Internal Medicine, Journal 
of the American Medical Association, Ar
chives of Internal Medicine, British Medi
cal Journal, Lancet, and Postgraduate 
Medicine offer timely therapeutic reports 
and reviews. Three publications deserve 
special emphasis here because they exem
plify effective attempts to provide objective 
drug information in easily assimilable form. 
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These are The Medical Letter, Clin-Alert, 
and Rational Drug Therapy. The Medical 
Letter provides summaries of scientific re
ports and consultants· evaluations of the 
safety, efficacy, and rationale for use of a 
drug. Clin-Alett consists. mainly of ab
stracts from the literature on drugs. Ra
tional Drug Therapy presents a monthly 
review article on groups of drugs or on the 
management of specific ·conditions. 

The United States Pharmacopeia (USP) 
and The National Formulary (NF) were 
recognized as ''official compendia'' by the 
Federal Food and Drug Act of 1906. The 
approved therapeutic agents used in medi
cal practice in the: United States are de
scribed and defined with respect to source, 
chemistry, ·physical properties, tests for 
identity and purity, assay, and storage. The 
two official compendia are now published 
in a single volume. 
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