36

PART 1

a single pathway. In this case, inhibition of the elimination pathway
by genetic variants or by administration of inhibiting drugs leads to
marked elevation of drug concentration and, for drugs with a narrow
therapeutic window, an increased likelihood of dose-related toxicity.
Individuals with loss-of-function alleles in CYP2C9, responsible for
metabolism of the active S-enantiomer of warfarin, appear to be at
increased risk for bleeding. When drugs undergo elimination by multiple-drug metabolizing or excretory pathways, absence of one pathway
(due to a genetic variant or drug interaction) is much less likely to have
a large impact on drug concentrations or drug actions.

General Considerations in Clinical Medicine

PRINCIPLES oF PHARMACodYNAMICS
The onset of drug Action For drugs used in the urgent treatment of
acute symptoms, little or no delay is anticipated (or desired) between
the drug-target interaction and the development of a clinical effect.
Examples of such acute situations include vascular thrombosis, shock,
or status epilepticus.
For many conditions, however, the indication for therapy is less
urgent, and a delay between the interaction of a drug with its pharmacologic target(s) and a clinical effect is clinically acceptable. Common
pharmacokinetic mechanisms that can contribute to such a delay
include slow elimination (resulting in slow accumulation to steady
state), uptake into peripheral compartments, or accumulation of active
metabolites. Another common explanation for such a delay is that the
clinical effect develops as a downstream consequence of the initial
molecular effect the drug produces. Thus, administration of a proton
pump inhibitor or an H2-receptor blocker produces an immediate
increase in gastric pH but ulcer healing that is delayed. Cancer chemotherapy similarly produces delayed therapeutic effects.
drug Effects May Be disease Specific A drug may produce no action or
a different spectrum of actions in unaffected individuals compared
to patients with underlying disease. Further, concomitant disease
can complicate interpretation of response to drug therapy, especially
adverse effects. For example, high doses of anticonvulsants such as
phenytoin may cause neurologic symptoms, which may be confused
with the underlying neurologic disease. Similarly, increasing dyspnea
in a patient with chronic lung disease receiving amiodarone therapy
could be due to drug, underlying disease, or an intercurrent cardiopulmonary problem. Thus, the presence of chronic lung disease may
argue against the use of amiodarone.
While drugs interact with specific molecular receptors, drug effects
may vary over time, even if stable drug and metabolite concentrations
are maintained. The drug-receptor interaction occurs in a complex
biologic milieu that can vary to modulate the drug effect. For example,
ion channel blockade by drugs, an important anticonvulsant and antiarrhythmic effect, is often modulated by membrane potential, itself a
function of factors such as extracellular potassium or local ischemia.
Receptors may be up- or downregulated by disease or by the drug
itself. For example, β-adrenergic blockers upregulate β-receptor density during chronic therapy. While this effect does not usually result in
resistance to the therapeutic effect of the drugs, it may produce severe
agonist-mediated effects (such as hypertension or tachycardia) if the
blocking drug is abruptly withdrawn.
PRINCIPLES oF doSE SELECTIoN
The desired goal of therapy with any drug is to maximize the likelihood of a beneficial effect while minimizing the risk of adverse effects.
Previous experience with the drug, in controlled clinical trials or in
postmarketing use, defines the relationships between dose or plasma
concentration and these dual effects (Fig. 5-1) and has important
implications for initiation of drug therapy:
1. The target drug effect should be defined when drug treatment is
started. With some drugs, the desired effect may be difficult to measure objectively, or the onset of efficacy can be delayed for weeks
or months; drugs used in the treatment of cancer and psychiatric
disease are examples. Sometimes a drug is used to treat a symptom,
such as pain or palpitations, and here it is the patient who will
report whether the selected dose is effective. In yet other settings,
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such as anticoagulation or hypertension, the desired response can
be repeatedly and objectively assessed by simple clinical or laboratory tests.
2. The nature of anticipated toxicity often dictates the starting dose. If
side effects are minor, it may be acceptable to start chronic therapy
at a dose highly likely to achieve efficacy and down-titrate if side
effects occur. However, this approach is rarely, if ever, justified if
the anticipated toxicity is serious or life-threatening; in this circumstance, it is more appropriate to initiate therapy with the lowest
dose that may produce a desired effect. In cancer chemotherapy, it
is common practice to use maximum-tolerated doses.
3. The above considerations do not apply if these relationships between
dose and effects cannot be defined. This is especially relevant to
some adverse drug effects (discussed in further detail below) whose
development are not readily related to drug dose.
4. If a drug dose does not achieve its desired effect, a dosage increase is
justified only if toxicity is absent and the likelihood of serious toxicity is small.
Failure of Efficacy Assuming the diagnosis is correct and the correct
drug is prescribed, explanations for failure of efficacy include drug
interactions, noncompliance, or unexpectedly low drug dosage due
to administration of expired or degraded drug. These are situations in
which measurement of plasma drug concentrations, if available, can be
especially useful. Noncompliance is an especially frequent problem in
the long-term treatment of diseases such as hypertension and epilepsy,
occurring in ≥25% of patients in therapeutic environments in which
no special effort is made to involve patients in the responsibility for
their own health. Multidrug regimens with multiple doses per day are
especially prone to noncompliance.
Monitoring response to therapy, by physiologic measures or by
plasma concentration measurements, requires an understanding of the
relationships between plasma concentration and anticipated effects.
For example, measurement of QT interval is used during treatment
with sotalol or dofetilide to avoid marked QT prolongation that can
herald serious arrhythmias. In this setting, evaluating the electrocardiogram at the time of anticipated peak plasma concentration
and effect (e.g., 1–2 h postdose at steady state) is most appropriate.
Maintained high vancomycin levels carry a risk of nephrotoxicity,
so dosages should be adjusted on the basis of plasma concentrations
measured at trough (predose). Similarly, for dose adjustment of other
drugs (e.g., anticonvulsants), concentration should be measured at its
lowest during the dosing interval, just prior to a dose at steady state
(Fig. 5-4), to ensure a maintained therapeutic effect.
Concentration of drugs in Plasma as a guide to Therapy Factors such as
interactions with other drugs, disease-induced alterations in elimination and distribution, and genetic variation in drug disposition combine to yield a wide range of plasma levels in patients given the same
dose. Hence, if a predictable relationship can be established between
plasma drug concentration and beneficial or adverse drug effect, measurement of plasma levels can provide a valuable tool to guide selection
of an optimal dose, especially when there is a narrow range between
the plasma levels yielding therapeutic and adverse effects. Monitoring
is commonly used with certain types of drugs including many anticonvulsants, antirejection agents, antiarrhythmics, and antibiotics.
By contrast, if no such relationship can be established (e.g., if drug
access to important sites of action outside plasma is highly variable),
monitoring plasma concentration may not provide an accurate guide
to therapy (Fig. 5-5A).
The common situation of first-order elimination implies that
average, maximum, and minimum steady-state concentrations are
related linearly to the dosing rate. Accordingly, the maintenance dose
may be adjusted on the basis of the ratio between the desired and
measured concentrations at steady state; for example, if a doubling
of the steady-state plasma concentration is desired, the dose should
be doubled. This does not apply to drugs eliminated by zero-order
kinetics (fixed amount per unit time), where small dosage increases
will produce disproportionate increases in plasma concentration;
examples include phenytoin and theophylline.
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