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The neglect of the dose-response curve in clinical research and

in clinical practice represents a major scientific deficiency, and

stands in striking contrast to the traditional importance of this

principle in classical pharmacology. Why should this be the case?

The reasons, I submit, are many. If one considers the use of

drugs in treating the sick, the following considerations come to

mind:

1. For some medicine (penicillin, e.g.), the therapeutic ratio is

so large that the use of doses far larger than are needed to treat

most patients exacts no significant toxic price and achieves the

therapeutic goal very nicely.

2. The practice of medicine is admittedly simplified if the

prescribing physician feels no need to individualize the dosage

regimen for each new patient. A drug like levodopa for Parkinsonism,

which requires a lot of trial-and-error dosage experimentation for

individual patients, makes the physician's life "not a happy one"

(pace W.S. Gilbert).

3. When a patient finds a prescribed drug wanting - either because

of unpleasant adverse effects or lack of therapeutic response - a

psychological pressure develops to try a new drug regimen rather

than a new dosage regimen. In my experience "switching" by

physicians is much more common than "fine-tuning".

4. The all too available laboratory measurements of drug

concentrations in biological fluids will at times lure the

unsophisticated physician away from a proper exploration of the

dose-response curve because of robotic reliance on recommended (and

arbitrary) "therapeutic" or "toxic" levels which can be misleading

even when the laboratory has correctly carried out the

determination. It is depressing to see a physician fail to increase

the dose of a drug, despite the absence of both toxicity and

efficacy, because the plasma level of the drug is "in the

therapeutic range".



The reasons for neglect of the dose-response curve in clinical

research have a different set of origins, which include the

following:

1. Regulatory agencies rely primarily, in their decision-making

process vis-a-vis registration of a new medicine, on the "group"

performance of the drug. In the U.S., e.g., a new drug application

must generally include at least two well-controlled trials that

demonstrate therapeutic benefit for the treated patients as a group

that compares favorably with the benefit achieved with a placebo, a

standard drug, or both. "Safety" as well as effectiveness must also

be documented, but again the focus is on the group, rather than on

individual patients. While this approach is by no means

antithetical to dose-response studies, it is possible to provide

evidence that a drug, if marketed, is likely to do much more good

than harm in the target population if prescribed at a certain dose,

or within a narrow dose range, without dose-response data.

2. Until recently, regulatory agencies have not pressed drug

sponsors or clinical investigators to delineate optimal or minimally

effective doses.

3. Except for single dose studies, where flexibilization of dosage

is not possible, protocols usually contain provisions for lowering

dosage in the event of toxicity, or increasing dosage if therapeutic

response is not seen. Such "escape clauses" attempt to mimic the

kind of dosage modifications desirable in clinical practice and to

satisfy professional and ethical precepts, and are thus admirably

defensible, but tend to obscure dose-response relationships.

4. In addition to the changing dosage invoked for the reasons and

by the mechanism just described, there are other changes contributed

by the experimental subject's ability to alter ingested dose by

non-compliance. Failure to follow prescribing directions in

outpatient trials has been repeatedly described. Non-compliance can

occur for the same reasons that flexibilization of dosage "escape

clauses" are built into protocols, i.e. for perceived or actual

toxicity or lack of benefit, but it can also occur because of human

error (e.g. forgetfulness) and can therefore not only reflect drug

inadequacies but cause them (toxicity due to unintended overdosage

or therapeutic failure due to unintended underdosage). Because of

these quite different types of non-compliance, the variance

contributed by noncompliance must be examined cautiously, with the

aid of attempts to explain the reasons for non-compliance. While

caution is necessary, the advantages to making use of this



contribution to dose-response relations are significant, and it is a

pity that compliance data are so rarely used in this way, despite

the fact that information on compliance is often collected as a part

of the protocol in a clinical trial ("pill count", patient diaries,

drug level measurements in biological fluids, "tracers", etc.).

Neglect of dose-response relationships has exacted a

considerable scientific and social cost. Consider the following:

1. Drugs have been marketed at recommended doses that were far from

optimal. Captopril and hydrochlorothiazide were initially used at

doses perhaps eight times those now considered optimal.

2. Because estimates of recommended doses have been based on

"group" averages, which include data on compliant as well as

noncompliant patients, such doses may be excessive and needlessly

toxic for scrupulously compliant patients who receive the drug after

registration (see Fig. 1).
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3. Generally ignored has been the potential for studying dose-

response relations, even in fixed dose protocols, that lies in the

fact that patients in a trial often differ significantly in weight.

4. Important co-variables that alter the shape or "location" of the

dose-response curve have often been ignored, giving rise either to

avoidable toxicity or to inadequate therapeutic benefit.

Benoxaprofen, e.g., might still be on the market today had its



special elimination by certain patient groups been adequately

appreciated. Triazolam's undesirable effects on memory are probably

related both to dose and to alcohol intake. Plurazepam must be

prescribed at lower doses to the elderly to prevent adverse reaction

rates of intolerable magnitude. Oral contraceptives are now safer

and still effective as the result of lowering their dosage of the

estrogen component. Anticoagulant regimens have been employed at

doses that were unnecessary for optimal benefit and produced major

hemorrhagic complications.(1) Furthermore, certain non-drug

conditions can dramatically alter the susceptibility to bleeding

from anticoagulants. These include age; liver, kidney, and cardiac

dysfunction; severe amenia; and cancer.(2) Fluphenazine decanoate

has been used at doses five times higher than is necessary. (3) It

seems likely that the optimal dose of aspirin for preventing

vascular thrombosis is rather low, so that "less is more",

prophylactically speaking, with a paradoxical loss of efficacy at

higher doses. A similar situation probably obtains for some

antidepressants and neuroleptics. Lithium levels for patients

receiving this drug long-term have probably been too high in years

past, with the result that some patients have suffered renal damage

that could have been avoided.(4) Cancer specialists have come to

realize that in treating certain adult leukemias and lymphomas,

"industrial doses" of methotrexate and cytarabine - doses 10 to 30

times the conventional ones - may be needed.(5)

5. The tendency to lump together the adverse effects of a drug in

patients of all sorts receiving the drug in various amounts and for

varying lengths of time has led at times to neglect of important

elements in dose-response relationships, such as duration of

treatment. Prednisone, e.g., is in general a benign drug, even in

very large doses, if used for only a few days, whereas long-term

treatment with smaller doses can lead to all sorts of toxic events.

There are a number of challenges facing us as we work to improve

on our past performance in regard to dose-response relationships.

These include the following:

1. We must remember that for every drug there are multiple

dose-response relationships, involving toxicity as well as benefit.

Consider, e.g. the curves shown in Figure 2 for just some of the

effects of atropine given subcutaneously to man.

2. While it is not possible to study all possible co-variables of

interest, it is incumbent on us at least to study, in man, those

variables suggested by preclinical studies or by the medicines
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Fig. 2.—Some effects in man of varying doses of atropine
sulfate subcutaneously. The + and — signs refer to in-
crease or decrease, respectively. (Redrawn from Herx-
heimer, A.: Brit J Pharmacol 13:184, 1958.)

anticipated to be used concomitantly with the new drug in a high

percentage of cases. Age and insufficiency of the major excretory

organs will often deserve attention.

3. We should not miss opportunities for insights into dose-response

relationships available from the aforementioned realities of

individual weight differences and of noncompliance with prescribing

directions. In the case of hypercholesterolemia, e.g., the lowering

of serum cholesterol and of coronary risk have been nicely shown to

be related to compliance (i.e. dose) for both cholestyramine and

gemfibrozil. (See Figs. 3 and 4). Now, more sophisticated

techniques for assuring compliance (see Fig. 5) give promise of

quantitative information of higher quality than has been available

in the past. These techniques can at times be usefully supplemented

by drug level measurements, but may be far superior to the latter in

outpatient studies, where the exigències of sample timing limit the

information to the latest dose ingested rather than describe what

has been the pattern of ingestión since the last visit.

4. Clinical trial data need to be analyzed not only on a "group" or

"average" basis, but in a form that couples therapeutic response and

adverse effects in individual patients. It is this latter type of

information that is likely to be especially useful to the
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practitioner in selecting both drugs and doses. If new Drug 2 is

introduced for treatment of Disease X, I would submit that the

physician needs to know, when consulted by Patient A, what would

happen if he treated 100 patients with a given dose of Drug Z, i.e.,

how many of the 100 would respond beautifully, with satisfying

therapeutic response and no side effects of consequence, how many

would respond reasonably well but at the cost of significant side



Figure 5

effects, and how many would be deemed failures, either for lack of

benefit or for unacceptable toxicity. Ideally, the practicing

physician would need to know these figures for several points in the

important part of the dose-response curve, as well as similar data

for alternate forms of treatment, as well as the importance of

ço-factors (such as age, gender, race, smoking status, organ

failure, etc.) in altering response.

We are clearly far from this goal at present, and I realize how

much work will be required to provide such information, but I

believe unequivocally that this is the direction in which we should

move.
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Discussion - Pharmacometry in man: The state of the art

R.J. Temple

What is your sense of how best to display individual effecti-

veness results? Most clinical designs don't allow that very

easily.

L. Lasagna

One of the things I think would help is to pay attention to the

linkage between therapeutic result and adverse effect in indivi-

dual patients. This would allow us to establish some sort of

correlation between the amount of benefit and the amount of side

effects, which would be more meaningful than the usual statement

about the overall frequency of a given side effect.

L.F. Prescott

I was taken by your point, that was very correct, about the

preference by physicians of switching a drug rather than dose

titration. This is very important, but we must consider that

physicians often only have 1 or 2 "official" doses to choose

from. In other words, there isn't an adequate range of doses and

the range that is available is still very narrow in pharmacologi-

cal terms. Our dose-response curves are usually log-dose rela-

tionships, whereas in practice the differences between the doses

that we use invariably range over less than one order of magnitu-

de. We need bigger ranges of doses and we also perhaps need to

educate physicians to be a little more adventurous in trying the

dose range before switching.

L. Lasagna

I agree with your comment. Some drugs don't have any informa-

tion in the package label about dose range, because there isn't

any and when there is, which is often the case, only a rather

limited amount of dose exploration is possible in the recommenda-

tions given to the physician.

R.J. Temple

I have the impression that adverse reactions, at least in the

case of non-steroidal anti-inflammatory drugs used in chronic



illnesses, follow a steeper curve than that of therapeutic re-

sults. It is very hard to show effectiveness dose-response rela-

tionships, over a range of only 1 to 5 fold, while it is very

easy to show increased blood toxicity over those small ranges.

L.F. Prescott

The non-steroidal anti-inflammatory drugs are a typical case

where physicians don't titrate doses. They try one drug after

another as if believing that there is one drug out of the 22

which is right for that patient, and they keep switching until

the think they find it. Of course, that does not make sense in

pharmacological terms.

C.A. Naranjo

In your presentation there was a plea for looking more at data

of individual patients, particularly with respect to efficacy.

However, you didn't elaborate on the techniques you would use for

evaluating such a set of data in order to reach conclusions. I

work mostly assessing psychopharmacological agents, but I think

that in other areas it is also true that we are always faced with

subjects who respond to treatment, subjects who partially respond

and those who do not respond at all, no matter how much one

increases the dose.

L. Lasagna

If you look at the published literature on clinical trials, you

will find an enourmous amount of information along the following

lines: The trial will be done and, at the end of it, the authors

will say something such as "when we analyzed the data retrospec-

tively, we noticed that the patients who responded most poorly

were women in the 50/60 year range and in whom the white count

was lowest". There will be a number of variables identified as

correlated statistically either with good outcome or bad outcome.

Of course, some of those correlations will be spurious and could

not be replicated if the study were done again, but I would

submit that without follow-up on those putative correlations, to

nail down which are valuable and which are not, one will never

know how to fine-tune in advance, how to identify the drug which

will work best for a particular patient. At the very least one
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ought to analyse the trial, looking for leads of that sort. In

the absence of follow-up, one might still try those leads to see

whether they might be valid, preferably through prospective

clinical trials.




