Radboud Repository

Radboud University Nijmegen {§

1
g

PDF hosted at the Radboud Repository of the Radboud University
Nijmegen

The following full text is a publisher's version.

For additional information about this publication click this link.
http://hdl.handle.net/2066/25681

Please be advised that this information was generated on 2017-12-05 and may be subject to
change.


http://hdl.handle.net/2066/25681

Drug load in clinical trials:

A neglected factor

Charles L. P, Deckers, MD, Yechiel A. Hekster, PhD,
Antoine Keyser, MD, PhD, Harry Meinardi, MD, PhD, and

Willy O. Renier, MD, PhD
Nigmegen, The Netherlands

Combinations of drugs are increasingly being
used on pharmacologic grounds. Examples of the
use of these combinations include cancer chemo-
therapy treatment and hypertension treatment.'
The goal of using two or more drugs instead of one
1s to achieve greater efficacy with the same or fewer
adverse effects or equal efficacy with fewer adverse
effects.*” In pharmacologic terms this would signify
supraadditive efficacy with additive or infraadditive
toxicity and additive efficacy with infraadditive tox-
icity, respectively, Consequently, numerous clinical
trials are being undertaken to compare combination
regimens with their individual constituents.

However, the total drug load (i.e., the amount of
drug exposure for a certain indication) i1s a neglected
factor in many of these trials. When differences in
effects are found in these trials, they are attributed
to the pharmacodynamic properties of the therapeu-
tic regimens instead of to a possible difference in
drug load between the groups. However, the drug
loads of two regimens should be equal before con-
clusions are reached on differences of intrinsic effi-
cacy or toxicity.

Many examples of neglecting drug load can be
found in the literature. MacKay et al.® evaluated
the effects of 50 mg losartan alone, 12.5 mg hy-
drochlorothiazide alone, a combination of 50 mg
[osartan and 6.25 mg hydrochlorothiazide, and a
combination of 50 mg losartan and 12.5 mg hy-
drochlorothiazide for essential hypertension and
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concluded that the combination of 50 mg losartan
and 12.5 mg hydrochlorothiazide produced an ad-
ditive and safe reduction. However, for a clinically
relevant evaluation they should have included a
high-dose hydrochlorothiazide group and a high-
dose losartan group, or they should have used
Jower doses of both drugs in the combination
regimen (i.e., to compare regimens with a more
equal drug load). This would have challenged the
merits of the combination of losartan and low-
dose hydrochlorothiazide. Similarly, studies by
Faarvang et al.” on the possible advantages of
combining antirheumatic drugs and by Nelson et
al.® on the possible advantages of combining an-
tidepressive drugs also did not include high-dose
monotherapy groups or lower dosages for the
combinations.

Another frequently encountered manner in which
drug load is neglected 1s the habit of not taking
baseline medication into account. Onghena and van
Houdenhove” reviewed 39 placebo-controlled trials
on antidepressant-induced analgesia for chronic
nonmalignant pain and found that the use of other
analgesic agents, ergotamine, or antirheumatic
drugs was permitted in these trials. For example, in
one of the reviewed articles, a study by Loldrup et
al.,' patients were allowed to have up to 30 mg
oxazepam and up to 3 gm acetaminophen (INN,
paracetamol) in addition to the study medication,
without taking between-group differences of oxaze-
pam and acetaminophen into account. In an antihy-
pertension drug trial research, Avanzini et al."' com-
pared the effects of four different drug regimens, but
one regimen began with a considerably higher drug
load than the others.

This problem is also important in add-on studies
of antiepileptic drugs. The first trials to establish
efficacy of a new antiepileptic drug are conducted by
comparison of the new drug plus the existing, insuf-
ficiently effective, medication to placebo plus the
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existing medication. This is necessary because it i$
unethical to give only new antiepileptic drugs or
placebo to patients with newly diagnosed epilepsy;
thus the effects of the new compound are evaluated
as though only the new drug were given. However,
we found that the total drug loads of baseline med-
ication of the active and placebo groups sometimes
differ, and therefore it 1s unclear whether observed
differences in toxicity are really the result of the new
antiepileptic drug or whether they are related to
drug load.'?

Polytherapy 1s being avoided in epilepsy treat-
ment because of the fear of adverse effects. This 1s
based on studies published around 1980 m which
patients who were switched back from polytherapy
to monotherapy experienced a decrease in toxicity.
However, the patients in these studies had not only
a reduction in the number of antiepileptic drugs but
also in drug load.'* Comparison of toxicity between
patients receiving monotherapy and patients receiv-
ing polytherapy with equal drug loads has shown
that toxicity does in fact not differ between these
groups. '

Although the concept of drug load is intuitively
obvious, little has been published about a method
to evaluate drug load in polytherapy. Such a
method should be helpful in the planning and
analysis of clinical trials and should enable deter-
mination of the role of drug load as a prognostic
factor. In experimental settings, fractions of drug
exposure are already used in the 1sobole method.
This 1s the preterred method to detect synergy,
zero interaction, or antagonism.'* The dosages of
a drug combination (d,, d,, ) are determined that
have the same cffect as certain dosages ol the
drugs alone (D, and D). The equation for the
zero interaction line for two agents is as follows:
d, /D, + d /D, = 1.'*'* When the sum is less than
one¢, the combination is judged to be supraaddi-
tive: when the sum is more than one, the combi-
nation is judged to be infraadditive. The interac-
tion can thus be evaluated for the dosages used,
irrespective of the dose-response curves of the
imdividual drugs. We have developed a method to
assess drug load that is analogous to the isobole
method.

Methods

The unity of drug load can be defined as the
average amount of drug needed to obtain the de-
sired effect in the general population. To approxi-
mate the unity drug load, the defined daily dose as
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Table I. Defined daily dose values of
anticpileptic drugs as assigned by the World

------ v agaan -

Drug Defined daily dose (mg)
Carbamazepine 1000
Phenytoin 300
Valproate 1500
Phenobarbital 1OO
FHthosuximide 1250)
Vigabatrin 2000
Lamotrigine 300

A TN N el rad s fald rrdver wd e e a g o tar g 1

published by the World Health Organization may be
used.*

The defined daily dose was introduced by the
World Health Organization Drug Utilization Re-
search Group as a tool to convert drug consumption
data from different sources into comparable units,
The World Health Organization Group determines
and assigns the average maintenance dose of a drug
for its main indication—the defined daily dose—for
cach individual drug by analysis of literature and
drug registration data. The defined daily dose values
of antiepileptic drugs are listed in Table L. The
prescribed datly dose 1s the average prescribed dose
in a particular population.

The prescribed daily dose/defined daily dose ratio
can be used to calculate the drug load in treatment
groups when the prescribed daily dose is used as the
average dose of a drug taken In a certain treatment
group. The method assumes that, thus normalized,
the loads of several drugs in one regimen may be
added.

For example, the defined daily dose of valproate
sodium is 1500 mg and patients in group A taking
900 mg valproate would have a drug load of 900/
1500, that is, 0.6 prescribed daily dose/dehned daily
dose. The defined daily dose of carbamazepine 1s
1000 mg and patients in group B taking 600 mg
carbamazepine would have a drug load of 600/1000,
which is also 0.6 prescribed daily dose/defined daily
dose. Patients in group C taking 450 mg valproate
and 300 mg carbamazepine would have an equal
total drug load of 0.6 prescribed daily dose/delined
daily dose, which makes them eligible for compari-
son with patients of groups A and B.

*For information on assigned defined daily dose values, contact
the World FHealth Organization Collaborating Centre for Drug
Statistics Methodology, c/o Norsk Medisinaldepot As, PO Box
100, Veitvet, N-0158 Oslo, Norway (phone: 47-22169810); fax:
47-22169818),
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Results in epilepsy research

We have applied the described method of mea-
suring drug loads in a retrospective analysis of anti-
epileptic drug trials in which multiple drug regimens
were used. In this review, toxicity was weakly but
significantly correlated with drug load and not with
the number of antiepileptic drugs.'* In one of the
trials we analyzed, the authors assessed the neuro-
psychologic effects of a fixed dose of the antiepilep-
tic drug vigabatrin in an add-on placebo-controlled
paradigm.'” No differences in neuropsychologic ef-
fects were found, and it was concluded that vigaba-
trin did not have a large effect on cognitive func-
tioning. However, analysis of the total drug loads of
the two treatment groups revealed that, notwith-
standing the addition of vigabatrin to one group,
drug loads in both treatment groups differed only
slightly.'* This greatly decreases the likelihood of
finding any difference in effect, if mechanisms are
similar,

We have also used the prescribed daily dose/
defined daily dose ratio to start patients off with
equal drug loads in both treatment groups of a
clinical trial. In a recently initiated trial, we are
comparing carbamazepine monotherapy to a com-
bination of carbamazepine and valproate sodium
and all patients start with a drug load of 0.4
prescribed daily dose/defined daily dose, whether
receiving monotherapy or duotherapy. This pre-
vents bias; for example, when one treatment
group starts with a lower drug load it may take
longer to get these patients into remission, al-
though the drugs may be equally effective. Alter-
natively, in a treatment group that starts off with a
higher drug load, more patients may drop out fast
because of adverse cffects, while in fact the two
regimens may be equally toxic when equal drug
loads are used. Furthermore, the prescribed daily
dose/defined daily dose ratio allows physicians
participating in this trial to adjust the dose in
terms of prescribed daily dose/defined daily dose,
thus keeping physicians, patients, and investiga-
tors blinded.

In addition, prediction of the outcome of drug
withdrawal after a reasonable symptom-free pe-
riod may benefit from the concept of drug load.
Until now, the number of antiepileptic drugs has
been deemed to be an important factor in deter-
mining the risk of seizure recurrence.'® The total
drug load of the antiepileptic drug regimen may
very well prove to be of more relevance in this
respect.
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Discussion

Failure to evaluate drug load may complicate the
evaluation of drug efficacy and toxicity, especially
where combination therapy or fixed dosages are
concerned. Equal drug loads should be verified at
the start of treatment, as well as determined in the
retrospective analysis of clinical trials. In our field—
antiepileptic drug treatment—neglecting drug load
obscures the evaluation of new antiepileptic drugs
and has also unjustly caused polytherapy to be
blamed for increased toxicity.

With use of the prescribed daily dose/defined
daily dose ratio, it is possible to evaluate whether an
equal load of polytherapy may offer advantages
compared with conventional monotherapy. Qbvi-
ously, the inherent assumptton when using this
method is that the combination will exhibit additive
activity. Deviations then will provide information
about infraadditive or supraadditive activity, An-
other assumption 1s that the defined daily doses
published by the World Health Organization are

equipotent.

Conclusion

Drug load is a neglected factor in many trials in
which drug combinations or fixed dosages are used.
Taking drug load into account will clarify the inter-
pretation of the results of these trials. As a crude
indicator the prescribed daily dose/defined daily
dose ratio has already been useful to us in the
assessment and planning of antiepileptic drug trials.

References

1. Moertel CG, Fleming TR, McDonald JS, Haller DG,
Lauriec JA, Tangen CM, et al. Fluorouracil plus le-
vamisole as effective adjuvant therapy alter resection
of stage III colon carcinoma: a final report. Ann
Intern Mced 1995;122:321-0.

2. Patel J, Rideout D, McCarthy MR, Calogeropoulou
T, Wadwa KS, Oscroll AR. Antincoplastic activity,
synergism, and antagonism of triarylalkylphospho-
njium salts and their combinations. Anticancer Res
[994,14:21-8.
Frishman WH, Bryzinski BS, Coulson LR, DeQuattro
VL, Vlachakis ND, Mroczek WI, et al. A multifacto-
rial trial design to assess combination therapy in hy-
pertension: treatment with bisoprolol and hydrochlo-
rothiazide [sec comments| [published erratum
appears 1in Arch Intern Med 1995;155:709]. Arch In-
tern Med 1994:154:1461-8.

4, Fagan TC. Remembering the lessons of basic phar-
macology. Arch Intern Med 1994;154:1430-1.

5. Ferrendelli JA. Relating pharmacology to clinical

r.)
-



CLINICAL PHARMACOLOGY & THERAPEUTICS
VOLUME 62, NUMBER 6

9.

10.

11.

practice: the pharmacologic basis of rational poly-
pharmacy. Neurology 1995;45(suppl 2):12-6.

. MacKay JH, Arcuri KE, Goldberg AJ, Snapinn SM,

Sweet CS. Losartan and low-dose hydrochlorothiazide
in patients with essential hypertension. Arch Intern
Med 1996;156:278-85.

Faarvang KL, Egsmose C, Kryger P, Podenphant J,
Ingemann-Nielsen M, Hansen TM. Hydroxychloro-
quine and sulphasalazine alone and in combination in

rheumatoid arthritis: a randomised double blind trial.
Ann Rheum Dis 1993:52:711-5.

. Nelson CJ, Mazure CM, Bowers MB, Jatlow PI. A

preliminary, open study of the combination of fluox-
etine and desipramine for rapid treatment of major
depression. Arch Gen Psychiatry 1991;48:303-7.
Onghena P, van Houdenhove B. Antidepressant-
induced analgesia in chronic non-malignant pain; a
meta-analysis of 39 placebo-controlled trials. Pain
1992;49:205-19.

Loldrup D, Langemark M, Hansen HI, Olesen J,
Bech P. Clomipramine and mianserin in chronic idio-
pathic pain syndrome: a placebo-controlled study.
Psychopharmacology 1989;99:1-7.

Avanzini F, Alli C, Bettelli G, Corso R, Colombo F,
Mariotti G, et al. Antihypertensive efficacy and tolera-

Availability of Journal Back Issues

12.

13.

14,

13.

16.

17.

18.

Deckers ct al. 595

bility of different drug regimens in isolated systolic hy-
pertension in the elderly, Eur Heart J 1994;14:206-12.
Deckers CLP, Hekster YA, Keyser A, Meinardi H,
Renter WO. Reappraisal of polytherapy in epilepsy: a
critical review of drug load and adverse clfects. Epi-
lepsia 1997,38:570-5.

Lammers MW, Hekster YA, Keyser A, Meinardi H,
Renier WO, van Licr H. Monotherapy or polytherapy
for epilepsy revisited: a quantitative assessment, Epi-
lepsia 1995;36:440-0.

Berenbaum MC. What is synergy? Pharmacol Rev
[989:41:93-141.

Tallarida RJ. Statistical analysis of drug combinations
for synergism. Pain 1992;49:93-7.

Bergman U, Elmes P, Halse M, Halvorsen T, Hood H,
Lunde PK, et al. The measurement of drug consump-
tion: drugs for diabetes in Northern Ircland, Norway
and Sweden. Eur J Clin Pharmacol 1975;8:83-9.
McGuire A, Duncan JS, Trimble MR, Effects of vi-
gabatrin on cognitive function and mood when used
as add-on therapy in patients with intractable epi-
lepsy. Epilepsia 1992;33:128-34.

MRC Antiepileptic Drug Withdrawal Study Group.
Prognostic index for recurrence of seizures after re-
mission of epilepsy. Br Med J 1993;306:1374-8.

As a service to our subscribers, copies of back issues ot Clinical Pharmacology & Therapenutics tor the preceding
5 years are maintained and are available for purchase from Mosby until inventory is depleted at a cost of $13.50
per issue. The following quantity discounts are available: 25% off quantities of 12 to 23, and 33% olt quantities of
24 or more. Please write to Mosby-Year Book, Inc., Subscription Services, 11830 Westline Industrial Dr., St
Louis, MO 63146-3318, or call (800)453-4351 or (314)453-4351 for information on availability of particular
issues. If unavailable from the publisher, photocopies of complete issues may be purchased from UMI, 300 N,

Zeeb Rd., Ann Arbor, MI 48106 (313)761-4700,



