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Specialty Conference

N-of-1 Clinical Trials
A Technique for Improving Medical Therapeutics -

Dlscussant
ERIC B. LARSON, M0, MPH, Seattie

This discussion was selected from the weekly Grand Rounds in the Department of Medicine, University of
Washington School of Medicine, Seattle. Taken from a transcription, it has been edited by Paul G. Ramsey, MD,
Assoclate Professor of Medicine, and Philip J Fialkow, MD, Professor and Chair of the Department of Medicina.

w)C B. Laeson, Mp*: Most clinicians have a keen in-

terest in therapeutics and especially therapeutic effi-
cacy. In fact, medical therapeutics can be viewed as a series
of thcrapeutic experiments as follows:

4 B
Initial = Therapy =  Subscquent
State State

The patienr comes to the physician in an initial state, 4, and is
offered treatment. The patieat then assumes a subsequent
state, B.' If B is more desirable, we typically judge that
therapy was effective. If B is no different or is less desirable,
we judge that therapy made no difference or was ineffective.
Although this account seems straightforward, such simple
assertions may not be true because of confounding factors.?

Effectiveness may be overestimated because of several
factors. First, & patient can recover spontaneously coincident
with treatment, an especially well-knowa occurrence for
sclf-limited conditions. Second, patients commonly present
when their symptoms are worse, especially patients with a
chronic disease. Coincideatal treatment appears to cause the
problem to subside when the patient has simply returned
spontancously to the average, socalled baseline state of a
chronic discase. This has been referred 10 as “regression
toward the mean.™* A third factor that may lcad o an overes-
timation of effectiveness is a placebo effect. For some thera-
pies, as much as 30% or more of the bencfits may be due to
the well-known placebo effect.* Finally, the expectation of a
beneficial response and a willingness-to-please effect® are
related to the placebo effect. In many patients, the simple
“expectation™ that a treatment will be beneficial may ofien
be sufficient to promote a beneficial effect. The willingness-
to-please effect results from the so-called obsequiousness
bias* in which a patient gets better 10 please an expectant
physician.

Similar confounding forces can obscure therapeutic ef-
fectiveness. Cacxistent illness can coincidentally exacerbate
the underlying problem. Chronic diseases have spontancous
exacerbations, and when these occur coincident with treat-
ment, it appears that therapy is ineffective. Malingering or a
secondary gain in which the paticnt experiences beacfit from

*Proleaser of Madicine, Department of Mcdiciac, and Medical Dicecror, Uat-
venity of Washingtaa Schoul of Medicine. Scatie.

not geuing beaer can make a patient resistant to the true
effect of treatment. An age-related (physiologic) decline su-
perimposed on a beneficial treatment effect may combine 1o
cancel each other. Finally. if an incorrect diagnosis has been
made, treatment will appear to be incffective. Forcxample, if
a paticnt’s sympioms or signs represent the upper or lower
limits of a normal variation, then the treatment received,
although usually effective, is ineffective in the misdiagnosed
case.

Randomized CHnical Trials

Fortunately, randomized clinical trials (RCTs) have been
used o evaluate medical therapeutics since the late 1940s.¢
Because such trials help eliminate the confounding factors
outlined above, they have become the gald standard by which
clinicians judge therapeutic efiicacy. An RCT allocates con-
socutive patients o different treatments or randomly allo-
cates the order of ireatment in crossover experiments. When
done carefully with enough patients, the randomization elim-
inates bias that might confuse the intecpretation of the thera-
peutic experiment.

Unfortunately, many of a clinician’s day-to-day (reatment
decisions cannot be based on the results of randomized trials.
Table | shows examples of situations or problems in which
RCTs may not be appropriate for making therapeutic
choices. Unavailability of randomized clinical trials may be
cacourntered in the case of a rare or unusual diseasc. Ran-
domized trials may also not be available for some older treat-
ments and for newer or novel treatments. Because RCTS have
been widespread only since 1970, alder treatments were
ofien not evaluated by them. Newer or novel treatments,
especially those devised by clinicians for single patients, are
typically not subjected to randomized trials.

Even when there are good randomized trials showing
efficacy, several factors limit their generalizability to & spe-
cific patient. For example, the patient might be outside the
eligibility requirements for eatry into an RCT. Eligibility
criteria for most trials are so restrictive that less thaa 10% of
paticnts with the discase in question may be accepted. Not
surprisingly, the patients who arc excluded are the ones in
whom therapeutic dilemmas and an evaluation of therapeu-
tics are often the most troublesome. Thus, their omission

(Lazson EB: N-of-1 clinical trials—A technique for improving medical therapeutics [Specialty Confercace]. West J Mcd 1990 Jan; 152:52-56)
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TABLE 1.—Limits of Randomized Clinical Trials (RCs) for Care
of Indkvidual Patients

RCT unavailabie or impossible

Good RCTs show benef but may nat be generalizable
Eligidility criteria toa restrictive
Somé patients are nonrespgonders
Side effects

Goad RCTs shaw no benefit byt may nat be genaralizable
Atypical pallents
Treatment response is idiosyncratic

from RCTs allows investigators o assess efficacy with fewer
complicating factors. Another problem arises from the fact
that even though a randomized trial has shown efficacy, not
all patiets will benefit from treatment. In addition, some
paticnts may experience enough side effects that the net effect
of treatment is harmful. The single patient who does not have
a beneficial response experiences that event with 100% cer-
winty even when generalizations based on populations
studied by RCTs indicate the net effects are likely to be
beneficial.

There arc also limits to the generalizability of RCTS that
show no apparent benefit. Good randomized clinical trials
may not show any net benefit, but an individual paticnt may
still benefit from treatment, cspecially if the treatment has
biologic plausibility. Some RCTs havc inadequate sample
sizes and, hence, inadequate statistical power to show effica-
cy.? An individual patieat could also be aa atypical re-
sponder, or responsiveaess to treatment may be idiosyncratic
and difficult to demonstrate by an RCT.

In summary, even though randomized clinical trials are
widely used for assessing therapeutic cfficacy, their results
may not apply to single patients or they may be unavailable
for ccraain treatments, thus leaving clinicians in a quandary
about therapeutic efficacy. Because of this quandary, there is
increasing interest in single-patient experiments. A number
of terms have been used to describe single-patient experi-
ments, including N-of-1 trials, single-patient clinical trials,
single-casc analysis, crossover and self-controlled research
designs, and single-patient RCTs. The field has an interesting
history and holds great promise for impraoving the science of
medical therapeutics.

Case Reports

Because case reports can be useful ways to illustrate valu-
able clinical lessons, [ will present three single-case analyses
in the order of my exposure to them. The first, a “case re-
pont” presented at the American Federatian of Clinical Re-
scarch meetings in 1985, was the case that piqued my interest
in single-patient trials.? The second, a classic case that oc-
curred at the interfuce of the developing science of statistics
and popular culture, is intriguing for both its contents and the
statistical power of its design.® The final case illustrates a
single-case clinical tnal that, although not random and only
“single blinded,” was convincing and influential.?

The first case was rcported by Guyatt and ca-workers
from McMaster University, Hamilion, Ontario.? The pa-
tient, 8 65-year-old man with uncontrolled asthmatic bron-
chitis, was becoming progressively more disabled by dys-
prea with even simple daily activitics. His therapeutic
regimen eventually consisted of albuterol inhaler, ipratro-
pium bromide, theophylline, and daily doses of predaisonc.

The clinician and the patient were uncertain whether the
theophylline or ipratropium therapy was beneficial . Both sus-
petted that theophylline was helpful and ipratropium was
not. To optimize the therapeutic regimen, a single-patient
wial was designed. Either theophylline or placebo, in a
random order, was givean for ten-day crossover periods.
Three 10-day crossover pairs were planned. The end points
included dyspnea, the need for albuterol inhaler, and the
amount of sleep disturbance. During the first period, the
patient did better than during the second ten days of the
crossover trial. The same pattern then appeared during the
second crossover period. The trial, which was originally
scheduled 10 go for three crossover periods (about 60 days),
now scemed too long to both the clinician and the patient.
Both agreed that the trial should be terminated, presumably
10 allow the patient to resume taking theophylline. They were
surpriscd when the placebo was associated with scotes indi-
cating increased well-being. Based on a review of the litera-
ture and the patient’s course, it was determined that the
seemingly anomalous results were most likely explained by
gastroesophageal reflux (a xanthine side effecr) and aspira-
tion.'® The theophylline therapy was stopped, and subse-
quently an N-of-1 trial of ipratropium revealed the beneficial
therapeutic effects of its use. Eventually the patient was
treated with a regimen of albuterol and ipratropium. He then
tolerated a prednisone taper so that he could comfortably
complete most of his activities of daily living on a regimen of
10 mg of prednisone every other day.

The second "tase report™ is not a medical case but repre-
sents a particularly famous single-case experiment. The case
was an imporaat one in the development of principles of
experimentation and illustrates some useful poiats about ran-
domization and statistical power. In 1935, R. A. Fisher, a
British statistician whose name is most often linked with
multiple-subject experiments, repornted an example of how 1o
conduct an experiment with a single subject and used that
example to explain basic notions that underlie all expea-
ments. This was the “lady tasting tca experiment.™*

The case involved a tea-drinkiag English woman who
claimed that she could tell whether the tea was added 1o the
milk or the milk was added ta the tea. Four cups of tea were
prepared one way and four cups the other way, and the ¢ight
cups were then presented o her in a random sequence. She
was told in advance that she was to ideatify the four cups that
were preparcd cach way. The lady corvectly identified all
eight cups, and the P value was determined by the random-
jzation test procedure. The null hypathesis was that her re-
sponse at any treatment time was the same as it would have
been at that time if any of the other cups had been presented.
There are 8!/4!4! = 70 ways in which eight cups can be
presented with respect to milk first or tea first, given that four
cups were milk first and four tea first. Thus, Fisher computed
the P valuc as 1/70 because only 1 of the possible scquences
of 4 Ms and 4 Ts correctly matched the woman's responscs
(P = .014).

An important feature of this experiment, in contrast to the
first case report, is that the randomization occurred in blocks
of eight treatments, not blocks of two as in the typical cross-
over experiment. Thus, the statistical power was conslder-
ably greater.

The third case repon is a more primitive ¢xample of a
single-patient trial.* Nonetheless, it also shows the valuc of
single-patient experimentation. The report entitled “Inter-
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nal-Mammary-Artery Ligation for Coronary Insufficien-
cy—An Bvaluation™ was based on a presentation made in
1957 10 the New England Surgical Society. This topic would
later be investigated in a widely quoted article from the Uni-
versity of Washingtan describing a randomized, single-blind
trial that compared a sham opcration with intcrnal mammary
ligation.'* Ralph Adams, MD, in the 1958 paper.® reparted
four cases, one of which was of a 60-year-old man admined
“three days after occurrence of his known episode of coro-
nary thrombosis.”

His case was well known to the haspital because of previous atacks of docp
thrombophichids, pulmoaary embolism and hyperchalesterolemia, and
prioc episodes of caranury occlusion. Precordial puin was inwcase and he
was apprehensive that he would die. He was a highly educated maa, well
informed for a layman, on medical matters and in a position of considerable
commuaily responsibility. Admission was far the specific purpose of al-
tering internal mammacy circulation ia the hope of giviag him some cardisc
protection. He was told . . . that this proceduse was cuttendy being widely
discussed and, in some quarters, enthusiasticalty recommended. He was
also informed that the hospital was in the process of evaluating the proce-
dure as definitely as possible. These background facts led him (o request that
te opcration be tried in the hope that i might be helped. . . .

At operation, on the day of admisaion, a short incision was made in the
second sntercostal apace lacral to each sicrnal border and each internal
mammary aricry was exposed. A silk ligature was placed ubout each anery
but neither was tied. Thus, only a fnitstage operation had beea done,
coasisting of a skin incisian and encirclement but not tigation of the internal
mammary ancrics.

On awakeaing from the beicf and light anesthetic, the patient reported
that he was free aof pain. He has had no painsince that date. An clectrocardio-
gram on the day aftcr operation showed no detectable change from preopers
ative tracing. Two days aficr the operation the ligatures from the internal
mammary aneries weee tied. Subsequent clectrocardiagraphic tracings gave
no evideace of improvemeay.

The author goes onto describe follow-up, which included
no recurrence of symptoms, and states that

in this case, there was not x fuir chance Lo issay the relicf of sympioms o be
obtained by internal mammary artery ligation because the patient lost all
symptonis aficr the Grst portion of & staged procedure that he believed o be
the complcted operation.

Adams reported what we would call 8 nonrandomized
single-patient crossover expériment. A sham opcration was
followed by a real operation—dramatically showing what
many might now call a placebo effect of internal mammary
exposure.

Formation of an N-of-1 Clinical Trial Service

Before establishing a single-patient trial service, we con-
tacted Dr Gordon Guyan, who has actively investigated sin-
gle-patient trials. He provided us with great éncoursgement
and a summary of the experience of an N-of-1-trials service
at McMaster University.? Most of his trisls had been in the
subspecialties of pulmonary medicine and cheumatology. Of
the first 42 trials done at the center, 29 gave definitive results.
In 11, active treatment was found to be effective, in 17 it was
ineftective, and in | it was harmful (the theophylline case).
Eight other trials gave less definitive results. Rive were
judged unsuccessful, three because, despite definitive out-
comes, the results did not lead to action (G. Guyan, writien
communication, June 1987).

Based on this encouraging report, we submitted a small
gruw praposal 10 the Nationul Ceater for Heulti Services
Research. Our research group, which includes Allan Ells-
worth, PharmD; lim Nuovo, MD (family medicine); Ina
Oppliger, MD (rheumatology); Gerald van Belle, PhD; and
Alice Arnold, MS (biostatistics), is now funded to establish

and evaluate a single-patient trial scrvice. We have an-
nougced our intentions to workers in other specialtics and are
currently receiving patients.

Because the objective of the “N of 1™ experiment is ta
find the best reatment for 4 particular patient, we and others
believe that same of the ethical questions asked of the swuan-
dard randomized trial no longer apply.? For example, does
the potential benefit to other patients outweigh the possible
risk to this patient? Nonetheless, three ethical requirements
do apply. First, a patient's free and informed consent should
be requesied after the clinician has described every feature of
the trial that would materially affect the patient's decision to
take par, including the reported effectiveness and safety of
alternative treatrments, the treatment targets to be used, and
the durarion and number of treatment petiods to be executed.
The second ethical requirerment is that a patient must be free
1o withdraw at any time without loss of care. The thied is that
the same degrec of confidentialicy applied in other clinical
situations must apply to the study results. One of our first
tasks as an N-of-1 clinical trial service was to approach the
Human Subjects Committee (Institutional Review Board)
and seck approval for pending single-patient (rials. They
have developed an expedited approval process that facilitates
the prompt institution of clinical trials.

When to Do a Clinical Trial

Perhaps the most germane issue in single-patient trials is
when to do them. That is, when is a patient most likely to
benefit from the results of a single-patient trial? The most
important issue here is whether there is daubt about cfficacy.
Doubt may occur because neither the patient nor the physi-
cian is certain an existing treatment is working. In this set-
ting, a patient with a chronic disease may be doing poorly or
not improving on a medication regimen that could also be
causing side ¢ffects, as exemplified by the theaphylline case.

Another instance when efficacy may be in doubt is during
the institution of a new treatment. Here the paticat is being
offered a new drug and the question is, "Will it work?” The
clinician may be uncertain when the literature is cquivocal
about the drug, the risk-to-benefit ratio is less favorable, or
the patieat is reluctaat to comply with presumably cfficacious
treatment.

For patients with rare or unusual conditions, the usc of the
single-patient trial may not only bencfit the patient but also
2dd 1o knowledge about the management of unusual condi-
tions. The literature conwins numerous examples of single-
patient experiments where treatments of conditions like fa-
milial Mediterranean fever and narcolepsy were evaluated
with N-of-1 trials.

Doubt about efficacy may be a motivating factor for a
single-patient triaf also when a paticnt insists on a treatment
as necessary or effective in contradiction to medical advice
or praciice. The single-paticnt trial can be used when the
physician is unable to convince the patient otherwise. Ia this
case, a negative clinical trial should not surprise the physician
but may be convincing to the patient.

Afier determining whether therapeutic efficacy is in

doubt and deciding whether one wishes 1o demonstrate effi-
cacy or a lack thereof, the clinician will need 0 consider

other questions that affect the feasibility and worth of a sin-
gle-patient trial. First is whether a treatment will likely be
long term. Given the time required to conduct such a tnial,
single-paticat trials of short-term therapies tend not be
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worth the effort required of the patient, and they arc less
fikely to have value for the individual patient unless the pa-
tient will require the shart-tern treatmeat repeatedly.

Scveral questioas related to the pharmacokinetics of a
possible therapeutic agent affect the logistics and ease of
doing single-patient trials.** The idcal weatmeat for tingle-
patient trials is one that can be rapidly staried and stopped.
Thus, outcomes can be assessed starting relatively carly in
the trial, and there is linle or no carryover between treatment
periods. When these criteria are not met, carryover or period
effects may complicate the interpretation.*? These effects
may require trials that are much mare ime consuming (far
example, involving washout periods) or involve special de-
sign modifications. In general, single-patient trials are less
likely 1o be useful for curative treatments (so-called period
effects) or for long-acting treatments (due to carryover
effects).

How to Do a Clinical Trial 4

There are three critical compoaents of the single-patient
trial: randomization, blinding of patient and physician 10
trearment assignment, and defining and quantitating the out-
comes. The last, establishing explicit criteria for evaluating
the cfficacy of treatment, is a featuce of the single-patient
trial that is alse important for medical therapeutics in
general.

Randomization is necessary to minimize systernatic bi-
ases that will occur related w the order of treatment and 1o
permit double blinding to occur. Randomizasion is usually
accomplished in a crossover style, that is, in blocks of two. If,
however, it is predetermined that four, six, or cight trials will
be done, the statistical power of the trial is improved consid-
erably by randomizarion in larger blocks.** For example,
whea six trials are planned, the possible P values range from
125 forthe ?aired experiment in which three crossover pairs
occur ([1/2]) 10 .03 when all six trials are randamized inde-
pendendy ([1/2]9). Intermediate values are possible when
caonstraints are added.

‘Blinding is a key element 10 minimiz2e observer-induced
bias. In most single-patient trials, the patient records symp-
toms and, in some cases, sigas. [deally both paticnt and
physician are blind to the treatment assignment. Records of
assignment are kept with one of the tnal service staffand, ifa
dcug is invalved, the pharmacist who has prepared the treat-
meat packages.

Single-patient trials require that the goals of treatment be
explicitly identified at the time the patient enters the trial.
Ideally, three to five key variables are determined. The vari-
ables may reflect discase activity or symptom severity. Usu-
ally the most important variables measure patient func-
tioning, reflecting the value of treaument for the patient. In
the ideal case, outcomes would include the measurement of a
physical sign, a subjective or objective rating of perfarmance
in conjunction with, for example, a laboratory mcasurement
reflecting discase activity. The patient’s goals must be as-
sayed to be certain that thc measures of performance are
compatible with the patient’s wishes. especially regarding
quality of life.

Systematc measurement of  limited number of variables
is iinporaat for a successful single-patient trial. We typically
use self-adminisiered questionnaires that rely on 7-point
Likert scales or wabulate the frequency of events. We also
reach patients to measure biologic variables like the forced

—

" expiratory volume in one second, peak flow, and wgiktim;.

We have found it easier to yse 7-paint Likert scales than
visual analog scales. In the standard crossover design, the
patient can be asked to state a preference for one treatment
period compared with the other.

There are other issucs that must be solved whean designing
a clinical trial. A critical question is the duration of treat-
meat. In gencral, we believe the old adage, ~shortest is eas-
iest.” Treatment ofien takes longer than expected, however,
because time is required for peak effects to develop or for
treauneat effects to dissipate. For drug regimens that are
rapidly started and stopped, treatments can be shorter and a
random block design of six or eigh trials of active drug and
placebo can be evaluated in less thun two weeks. -~

A special case occurs whén a drug is being used to mini-
mize or prevent attacks or exacerbations of a recurreat dis-
case. To determine duration, the frequency of exacerbation
needs to be estimated. Given a reasonable estimate of the
frequency, the duration can be based on the “rule of 3s.” This

- rule staws that if an event occurs once every x days, the

duration of observation must be three timesx days tobe 95%
certain to observe one event. In the case of familial Mediter-
rancan fever where an attack may occur once every two
weeks, the treatment period would need to last six weeks 1o
be reasonably certain to observe an efiect.

Another question that affects the duration of the trial is
how many pairs or trials are needed. The answer 1o thisis the
tautology, “as many as are nceded.” In some trials, we have
recommended that a single pair may provide an adequate
demonstation of efficacy. Such a demoastration lacks statig-
tical power, but the demonstration of effect may be so com-
pelling as o convince both patient and physician that efficacy
is no longer in doubt. On the other hand, when the proba-
bility of a treatment being effective is about S0% before the

TABLE 2.—Posterior Frababdities as Function of Prior
Probabiliies and Likefihood Ratio
Ukefihood That Postarior
Priar Baliet Jrastment ks Bater  Paleal  Prababitiy.

Treatment ks Efective, P Than Spontansous  kmprovas [

1 £ N 3 Yes .030

§ Yes 051

13 Na 003

i No 002
A0 . 3 s .25
5 Yes 85

73 No 432

15 No a2
S0 . 3 Yes a8
5 Yes 83
13 No 25
5 No 7
B0 .. 3 Yes R
5 Yes 95
13 No 87
15 No 44
B0 L 3 Yes 08
S Yes 88
n - No 5
5 No H4
B 3 Yes 288
S Yes 8%
13 No .86
s No .9
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trial, and there are major risks of side effects, anything short
of a statistical cerainty may not be satisfactory. In the case of
2 paired crossover trial, the binomial distribution suggests
that after four trials, the probability of treatmeat being re-
peatedly favored over placebo is .S after the ficst tral, .25
after the second trial, .125 afiec the third trial, and .0625
ufter the fourth trial, which is (172).

In general, the issue of “statistical™ certainty—the myth-
ical P < .05—is less critical in single-patient trials. An
interesting perspective is added by assaying the clinician's
estimate of the likelihood of success in thas patient (the prior

probability) and determining the estimated likelihood that -

the trearment is efficacious based on the literuture. Using a
Bayesian analysis, a posterior probability based on the patient
outcome in a single-patient trial can be calculated as shown in
Table 2 (G. van Belle, written communication, June 1987).
These posteriar probabilities show the effect that a single-

patient trial can have on a clinician's level of certainty that

treatmeat will be helpful for a2 patient.

Conclusion

We formed the wrial service to simultancously establish,
demonstrate, and determine the value of single-patient trials
in clinical practice and 1o help do the clinical trials. Ouc
involvement ranges from being limited consultants providing
study drugs and simply reviewing the protocol, to providing
detailed, in-depth consultation regarding the value of a clin-
ical trial in a particular patient, developing a study design,
interviewing the patient, developing target outcomes,
printing forms, preparing placebo drug and odtcome forms,
and doing follow-up. In all cases, we provide an interpreta-
tioa of the results of the trial and are anxious to learn how the
trial was used in clinical decision making ard practice.

In summary, single-patient clinical trials can be used to
improve the efficacy of treatment—especially long-term

treatments and treatments with uncertain efficacy or a risk of
serious wxic effects. Examples of suitable conditions for
study arc numerous, including common problems such as
chronic obstructive lung discase, ostecarthritis, recurrent
beadache and other chronic pain syndromes, “fibrositis™ or
fibromyalgia, and agitation in demented patients. We have
done trials in these commoa conditions and have also investi-
gated mare unusual and complex problems such as progesta-
tional drug side effects, treatmient of the “restless” leg syn-
drome, and treatments of orthostatic hypotension. The
principal benefits are an increased cerwinty for patients and
their physicians that a treatment is worth pursuing because it
is effective or should be abandoned because of an absence of
a net benefit,
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The n-of-1 Randomized Controlléd Trial: Clinical Usefulness

Our Three-Year Experience

Gordon H. Guyatt, MD; Sana L. Keller, BSc; Roman Jaeschke, MD; David Rosenbloom, DPharm
Jenathan D. Adachi, MD; and Michael T. Newhouse, MD

Ovjoctive: To review the feasibility and effectivencys of a-
of-1 rundomizad controlicd teials (n-of-1 trials) ia clinical
practioc

Design: ladividual trials were double-blind, randomized,
multiple crossover trials. The impact of n-of-1 wrisls was de-
wrmined by eliciting physicians’ plans of management and
coafidence in thasc plans before and afler each trial.

Sctring: Referral service doing a-of-1 trials at the requats
of cammunity and acadcmic physicians.

Object of Aualysis: Al trials were planned, started, and
complcted by the a-af-1 scrvice.

Measures of Outcome: The proportioa of planned n-of-1
tcials that were completed and the proportion that provided
a definite clinical or statistical answer. A dchinitc clinical
snswer was achicved if an n-of-1 trial resulted in a high level
of physiciun’s confidence in the management plan. Specific
eriterin were developed for classifying an a-of-1 triul as pro-
viding a definite statistical answer.

Maia Results: Seventy-three a-of-1 trials were planncd in
various clinical situations. Of 70 a-of-1 trials begun, 57 were
completed. The reasons for not completing a-of-1 trials wece
paticnts” or physiciuns’ noncompliance or paticuts’ concur-
teat illnes. Of 57 a-of-1 trals completed, 50 provided a
dckinite clinicu) or swatistical answer. In 15 trials (39% of
(rials in which apprapriate data were available), the cesults
proinpted physicians to chunge their “*priar (o the trial” plaa
of management (in 10 trials, the physicians stopped the drug
therapy that they had planned to continuc indetinttely).

Coaclusion: We interpeet the rosults s supporting the fea-
sibility and uscfutaos of a-of-1 trials in clinical practice.

Annals of [nteraal Medicine. 1990,112:293-299.
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Randomized controlled trials are usually required 10
establish valid evidence of drug efficacy (1-3). Howev-
er, there remain a number of clinical situations in
which treatment decisions cannot be based on such
trials. For example, guidance is unavailable for treat-
ing conditions that have not been investigated with
randomized controlled trials; some conditions are s0

“rare that even multicenter colluborutive trials are not

feasible. Further, even when 3 relevant randomized
controlied trial generutes a definite answet, its resul
may not apply to sn individual patient. First, if the
patient does not meet the eligibility criteria, extrapola-
tion may not be appropriate; second, regardless of the
overall trial results, some patients appear (o bencfit
from the experimental therapy and some do not (4).
To maintsin the methodologic sufcguards provided by
randomized controlled trials and avoid the disadvan-
tagcs of large-semple multicenter studics, we have de-
veloped a corresponding mecthodology for cxaumining
the intervention cffect in individual paticats.

Experimental studics (5-7) of singlc subjects have
long been part of psychologic rasearch. The methodol-
ogy is known us singlc casc or single subject rescarch,
a = 1, or, n-of-1 randomized controlled trials (hereaf-
ter referred to as n-of-1 trials). Wec have previously
described how @-of-1 trials may be used in medical
practice to determine the optimum treutment of an
individus! paticnt (4). More recently, we have provid-
od dctailed guidclines (8) for clinicians interested in
conducting their own n-of-1 trials. Results pertaiaiug
directly to the patient involved ace available immedi-
atcly after the patient has completed the trial.

Ia 1985, we dosigned sn a-of-l scrvice to fucilitate
clinicians® involvemeat with n-of-1 studics 1n our com-
munity (9). We have a formal referral service for
n-of-1 studies and a tutorial service that teaches clint-
cians how 10 run their own trials. We describe our 3-
year expericnce with providing the a-of-1 scrvice in
our community. We cxamined a specirum of condi-
tions and intcrventions in which n-of-1 trials were
donc und studicd the outcome of cach trial. The ques-
tions we asked were us follows: Are n-of-1 trials able
to provide clinically useful information? Do clinictans
change their management plans as & resalt of n-of-1
trials? Does physicians® coafidence in management de-
cisions change as a result of n-of-1 teials?

Mecthods
Criteria for Doing an n-of-1 Trial

Afler a clinician and a patient exprexxed interest 1a canduct-
ing an g-olf+1 tnal, we axsesned the suitsbdity ot the underly-
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ing condition and potcatial therapeutic intervention. We
have previously reported s sct of criteria (8) that should be
safished before an a-of-1 trisl is attempted; thesc eriteria
were applied 1o paticats’ presentation to the a-of-1 service.
In short, in addition to the effectiveness of treatment being
in doubt, the disorder should be chronic and relatively sta-
ble. The treatment, if effective, should be cantinued long.
term, and the paticnt should be eager (o collaborate in de-
signing and participating in the n-of-1 trial. In addition, the
treatment or treatments must have a rapid onset and termi-
aation of action, and an optimal treatmeat duration should
be known nd practical. In each case, the choice of mcdica-
tion and the dosage were sclected an the basis of the attend-
ing physician's clinical judgracat.

Conduct of Individual n-of-1 Trials

If our initial asscsment of the clinical situation indicated
that an a-of-1 trial was indicated, we prepared sa individual-
ized (rial package. To assess drug efficacy, we administered
individualized Questionnaires that examined, the scverity of
tymptoms that were identified by patieats a3 part of their
discase aad important in their daily life. These quation-
naires consisted of four Lo seven items (symptoms), and se-
verity of symptoms was usually measured on a T-point scale.
For example, if shortncss of breath while shopping was a
symptom identified a3 part of the illness and importsat in
daily life, the patient was asked: Please indicate how short of
beeath you have been whilc shopping during the previous 2
or 3 days, by choosing one of the options from the scale
below:

{. Extremecly short of breath
2. Very short of breath

3. Quite & bit shon of breath
4. Maderately shact of breath
s. Mildly short of breath

6. A littde shart of breath

7. Not at ali short of breath

Either the refarring physician or a physician-member of
the n-of-1 service saw the paticnt after cach treatment peri-
od. The tdul design was based on pairs of active drug and
placcbo, high dosc and low dase, or first drug and alternete
drug combinations; the order of administration within cach
pair was determined by random allocation. We recommend.
od that &t least threc pairs of treatments be completed. Medi-
cation was prepared by onc of the participating pharmacics.
if active medication and mautching placebo were available
from the manufacturer, they were used; if not, the medica.
tion was crushed and put in capsulcs, and matching placebo
capuulcs were prepared. The phacmacy held the code, and
all other members of the team were blind to allocation.
Treatment targets were moaitored on & regular, predeter-
mined schedule throughout the trial. I€ a patient felt much
worsc at any Umc during the trial, the current treatment
period was terminated and, without breaking the code, the
next treatment period was begun. The tnial continued as long
as the clinician and patient agreed that they nceded more
information 1o get & definite answer about the efficacy of the
treatment or until the patient or clinician decided for any
other reason to end the tnial.

At the study’s conclusion, the results were reparted (o the
paticnt's physicisn. Mcan values foc all measures for cach
trcatment period. the mean differences between treatment
and contral periods, thc 90% coafidence iaterval (CI)
around the diffcrencas. und the probability of differences
scen being duc to chance (using & one-sided paired f-test of
the difference in score) were reported (8). We also cxam-
incd cach treutment's magnitude of effect. Qur previous ex-
pericnce with the symptom questionnaices that used & 7-
point scale suggested thut an improvement of 0.5 points per
question corresponds to & naticaable impravement in the pe-
tienc's well-being (10). For instance, if there were six ques-

tions, & total chaage of 3 or more points was considered
clinically impoctant.

To assess the impact of the a-of-1 trial on the physician’s
manugement plan, we asked each physiclaa how he or she
would treat the patient without an g-of-1 trial aad, when
g-0f-1 trial results became available, how he or she intended
to treat the paticnt. Management plan options included coo-
tinuing the drug therapy, wichdrawing the drug, or “other.™
We also investigated the level of the physician’s canfidence
in his ar her management plan, both before and sfter she a-
of-1 trisl, again using & 7-point scalc. The physicians were
asked the following: How comfortablc do you feel now abaut
your treatment plaa? -

1. Toully comfortable, certain it's the right thing for the

patient .

2. Almost totally comfortable, very likely it's the right
thing for the patient

3. Quite comfortablc, likely thut the treatment plan is best
for the patient

4. Not toully comforisble, but treatment plan is very
likcly to be as good as altermnatives

S. Mildly uncomfortable, some uncertainty whether treut-
ment plan is best for the patient

6. Moderately uncomfortable, fecling that the treatment
plan may not be the best far the paticns

7. Extremely uncomfortable, unceriain about treatment
plan and, if wrong, puticnt may suffer

Review of 73 n-of-} Trials

Between October and December of 1988, we reviewed the
files of all m-of-1 trials done in coaperation with our a-of-1
service. Trials were classificd as complete when threc pairs
of treatment periods were completed or the trial was inter-
rupted before completing three treatment pairs because of
the clinician’s and patient’s belicf that drug effectiveness had
been cstablished or refuted. The reasans foc interruptica
were occurrence of intolerable symproms compatible with
side effects, perceived large treatment cffect of the active
medication, and such a low frequency of symptoms that the
medication was judged not (o be needed.

Trials not in either of these categonics were classified s
incomplete (interrupted before completing three pairs with
pno clinical conclusion rcached before trial termination).
Among completed trials, we czamined the propoction that
provided a definite clinical answer. These included trials thu
resulted in a high level of clinicians® confidence in their man-
agement decisions after an n-of-1 trial (1 or 2 ou & 7-point
scalc); and trials that were interrupted before completing
three treatment pairs because of the clinician’s and patient's
belief that deug cffiectiveness had been established or refutcd.
To classify such trials as providing dcfinitc answer, the clin-
ical impression of drug cfficacy (or its side effect) had to be
canfirmed afier braaking the code.

For trials in which the primary outcome mcasure was the
symptom qucstionnaire that used a 7-point scale, we have
developed a set of statistical criteria to classify individual a-
of-1 trials, Categories include providing a dcfinilc answe(
(cither confirming drug oc placebo superiority of indicating
a0 difference). showing a trend in favor of active drug or
placcbo, or leaviag the question of intervention cfficacy ua-
answered (indcfinite). These criteria use & combination of
the clinical importance cur-off (0.3 points per question meun
difference [D] in symptoms score) and statistical evaluation
of the diffcrence obscrved (one-tailed £ < 0.05, narrow (&
around the differeacc between active drug and placebo). The
complete set of criteria is presented in Appendix 1.

Examplcs of n-of-1 Trials

To show what is involved in doing an a-of-1 trial, we
will describe a casc in detail. A 23-year-old womun
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fgwre 1. Results of a-of-1 wial, propasnolol therapy for vasovagal syn-
axpe. Hal-open dirclas repracnt weckly mican acores while necaving
propeanolol, 40 mg four times daily; open circles represert weckly mesn
socca while recciving propranclol, 20 mg four Gmes daily; and closed
axclas ecpeoscnt weckly mean scores while reociving placcbo.

presented in the autuma of 1987 with a history of re-
current vasovagal syncope of 8 year's duration. Asso-
dated symptoms included presyncope, nausea and
vomiting, migrainous headaches, and flushing epi-
sodes. There was no obvious trigger to these symp-
wms. The syncopal episodes occurred as frequently as
twicc 8 week, the other symptoms on s more frequent
basis, and the constellation of symptoms was adversely
affecting the patient’s quality of life. Exteasive investi-
gation showed no hommonal or autonomic nervous
systern abnormality. The patient was given nifedipine
{for headaches) and amitriptyline as a vagolytic agent
and her condition was initially judged to have im-
proved somewhat; however, symptoms remained a
major problem.

It has been hypothcsized that a vasodepressor reac-
ton (or common faint) can follow sympathetic ner-
vous system stimulation, resulting in decreased left
ventricular volume and stimulation of intracardiac re-
ceptars (11). This mechanism was thought 10 be play-
ing a role in this patieat’s problems. A “tilt-table iso-
protecenol™ test was abnormal; the patient developed
significant bradycardia and hypotension when tilted to
€ decg und infused with 8 ug of isoprotercnol (11).
The patient's physician thought that propranolol
might benefit (11) and contacted our a-of-1 service 1o
conduct a trial.

The physician was uncertain of the aptimal dosage,
0 the trial was s¢t up with triplets of treatment peri-
ods instead of pairs. Each period lasted 2 weeks and,
ia cach triplet, the patient received cither placebo, 20
mg of propranolo! four times daily, or 40 mg of pro-
pranolol four times daily. Treatment targets included
daily rating of symptoms of lighthcadcedncess and syn-
cope, headaches, nausea or vomiting, fecling warm or
sweating, and fatigue. Each symptom was rated on a
J-point scale. For instance, the patient was asked the
following: How much trouble ar distress as a result of
lightheadedness or loss of cansciousness have you had
during the last day?

1. A very great deal of trouble or distress

2. A great deal of trouble or distress

3. A good deal of trouble or distress

4. A modcrutc amount of troublc or distress
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5. Some wouble or distress
6. Very little trouble or distress
7. No trauble or distress

Thc results of the three triplets of treatment periods
are summarized in Figure 1. Each data point in Figure
1 represents the mean of seven ratings of the five
symptarms over a period of | week. The paticat felt
that there were no significant differences in hoew she
felt over the 19 weeks of the trial, and this was con-
firmed by the symptom scores. It was concluded that
propranolol was not effective. .

Now uncertain abaut the benefit of amitriptyline in
relieving symptoms, the attending physician wished to
conduct a second trial before restarting the therapy.
This trial was to have 4-week treatment periods, with
the patient receiving placebo or 100 mg of amitripty-
line at bedtime during each period. The same five
symptoms were monitored, again on a daily basis. Be-
fore starting the trial, the physician replied to our
questionnaire, stating that his a priori estimate of f-
fectiveness was that the amitriptyline was of no benefit
and that he was very confident of this assessment.

The patient felt much worse during the second peri-
od of the first pair than she had during the first period
and, after 2 weeks of the second period, was coavinced
that she was receiving placcbo. Without breaking the
code, the period was terminated and the next pair be-
gun. During the second period of the second pair, the
patient again felt much worse and the period was ter-
minated afier the ficst week. After | week of the third
pair, the paticnt again became convinced that she was

* receiving placebo and the second period of the third

pair was begua carly. The results are presented in Fig-
ure 2. The patient had been correct in each case about
when she received placebo, and the large differences in
symptom scoge reflect the magnitude of the differences
she experienced between taking active drug and taking
placedbo. The mean differences in symptom score per
question between active drug and placebo periods for
the three pairs were 1.88, 1.81, and 2.08. A paired ¢-
test with two degrees of freedom suggests that these
results are very unlikely to have occurred by chance
(P < 0.001). It was concluded that amitriptylinc was
effective, and the drug treatment has been continued
10 the present.
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Figare 2. Rexults of n-of-1 trial, smitriptyline therupy for vasovagal sya-
cope. Opea circles represent wechly mean scores while recciving amitnip-
tyline, and closed circles indicatc wockly mean scores while reociving
placedo. - .
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‘;‘_ohle 1. Outcome of 73 n-of-I Randomized Controlicd
rials

Planned a-of-] trials, n = 73
Theee o-0f-1 trials never started (1 because ofdcuhi 1,
concurrent illncss; and 1, consent withdrawn)
a-of-1 trials begun, a = 70
Thirtcen a-of-1 trials not completed (7 because of
paticats’ noncomplisnce; 3, concurrent illness;
and 1, physician noncompliaace)
Completed a-of-1 trials, n = 57
Ninc a-of-1 trisls with 3 pairs complceted did noc
provide & definite clinical aaswer; 20{the 9
provided a dcfinite statistical sniwer
Definite n-of-1 trials, 2 = SO
Forty-cight trials were clinically definite;
19, statistically definite

Results
Spectrum of Use

We have not kept systematic track of inquirics about
a-of-1 trials that were planned but deemed infeasible
after preliminary discussion. Some ¢xamples include
trials with patients with inflammutory bowel disease
(in whom exacerbations occur too infrequently to
make a trial feasible) and major changes in prednisone
in patients with obstructive airway disease (in whom
functional adrenal deficiency is likely to have devel-
oped). On several occasions, an apen trial resulicd in
obvious benefit or obviaus side effects before & formal
wrial was begun. In several instances, we were ap-
prouched about patieats with many unstable medical
problems that made reliable ascertainment of the effect
of a single medication impossiblc. Finally, a-of-1 trials
were sometimes infeasible bocuuse of reservations
about the patient's ability to kecp & valid symptom
diary.

Overall, our s¢rvice participated disrectly in prepar-
ing 73 n-of-1 trials. Some results from S of these trials
have been reported clsewhere (4, 8, 9, 12). Most of the
trials tested a specific form of therapy in patients
whose underlying condition was clearly defined (for
example, amitriptyline therapy for fibrositis, ipratropi-
um or theaphylline for chronic uirflow limitatioa). In
three instances, the tnal was uscd as a diagnostic tool:
In 2 patient with inconclusive laboratory test results,

the clinician investigated the cflicacy of hydrocorti-

sone¢ in relieving symptoms possibly caused by Addi-
son discuse; in two trials, the clinician tested the effica-
cy of pyridostigmine bromide in ameliorating
symptoms possibly caused by myasthenia gravis. In
two other cases, different dose regimens of the same
medication were used 1o determinc the balance be-
tween the drug's efficacy and its side cffects (predni-

/

sone therapy for chronic airflow limitation and pro-

pranoclol for syncape).

The results of the 73 n-of-1 tnals are prescnted in
Table 1. Three trials were planned, but never started
(1 because of concurrent illness; 1, consent with-
drawn; and 1, patient’s death). Of the 70 n-of-1 trials
that began, S7 were completed. The reasons for sus-
pension of 13 trials were patients’ concurrent illness (S
trials) and lack of paticnts’ (7 trials) or physicians® (1
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trial) compliance with the study protocol. Among iLe
57 completed n-of-1 trials, the number of pairs wetc as
follows: cight pairs, 1 trial; six pairs, |; Gve paics, 2;
four pairs, 9; three pairs, 31; two pairs, 11; and one
pair, 2. The duration of treatment periods varied wide
ly, from 1.5 days to 6 wecks. The majoricy of trials
lasted | to 4 wecks. Appendix 2 presents the spectrum
of clinical conditions in which a-of-! trials were done.
One physician was involved in 19 trials; another, in 8.
An additional four physicians participated in muore
than | completed trial.

Results of Completed Trials

Forty-cight of 57 completed n-of-1 trials (84% of all
completed and 66% of all planned) provided & definite
clinical answer. These 48 trials included 39 that resule-
ed in a high level of cliricians' confidence in the appro-
priateness of their management decisions afier three
pairs of treatment had been completed. An additional
9 n-of-1 tdials were classified s completc despite t1ial
interruption before completing three pairs. In 4 trialy,
differences between two (recatment periods were xo
drematic, the physician and patient decided Lo end the
trial (ipratropium therapy for chronic sirflow limita-
tion on three occasions and haloperidol for psychaosis
on one¢). In each of these & trials, the clinical impres-
sion was confirmed after breaking the codc; the cliai-
cian had guessed correctly when the patient was re
ceiving active drug. On two additional occasious,
occurrence of clinically important deleterious effects
led to the termination of a-of-1 trials (theophylhue
therapy for chronic airflow limitation and cloaidine
for rheumatoid arthritis). Again, the clinical decision
was substantiated after the codc was broken. During 3
trials, the symptoms chosen as treatment targets did
not occur within the first few treatment periods and
the trial was terminated (propranalol therapy for syn-
cope, dilantin for Mcnicre discase, and propantheline
for abdominal pain). In cach of the 9 a-of-1 trials clus-
sificd as complete despite less than three pairs being
done, active drug was compared with placeto.
Results of complete trials that used symptom ques:
tionnaires with responses on a T-paint scale as a pri-
mary oulcome measure were rcvicwed according 1o
criteria presented in Appendix 2. We had the data nce-
essary to do this analysis in 44 n-of-1 trials. In 19 of ¥4
cases, the trial provided a definite stutistical answer. ln
15 trials, the beneficial rale of the drug was confirmed:
in 4. there was no difference between investigated ther-
apy and placebo. None of the tnials analyzed using
these criteria indicated a harmful effect of a deug. All
but 2 n-of-1 trials providing a2 dcfinite statistical an-
swer were classified as definite according to clinical
criteris. In | of these 2 a-of-1 trials, the physician test-
ed the efficacy of amitriptylinc therapy for fibrosi-
tis—the impression of drug efficacy obtained duriag un
earlier open trial was so strong that the results of the
initial n-of-1 trial excluding drug benefit were ques-
tioned. A subsequent g-of-1 trial, with the same ps-
tient using a higher dosage of amitriptyline, canfirmcd
the results of the firsc wrial, and the physician discon-
tinued the medication. In the second case, the physt-
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cian questioned u patient’s claim thut pyridostigmine
provided an improvement in weakness that was possi-
bly rclated to myasthenia gravis. Despite a clearly pos-
itive n-of-1 result, failurc by a neurologist 10 confirm
the diagnosis of myasthenia led the attending physi-
cian to speculate that the patient might somchow have
broken the blind, thus invalidating the results. The
total number of n-of-1 trials providing definite clinical
or statistical answer was, therefore, SO. Five a-of-1 tri-
als had treads suggesting drug benefit, «nd, in two
cases, trends favored placebo. Resules of 18 completed
trials were classified according to the statistical criteria
as {ndefinite.

Management Pluns and Clinicians' Confidence

In 38 trials, the data on management decisions were
available both bcfore and after the trial. In 23 cases,
the original decision was unchanged aficr the tnal re-
sult becamc available. In the remaining 15 trials
(39%). results of the n-of-1 trial prompted physicians
to change the original decision (in 11 cases, ta stop the
drug treatment completely rather than caatinug; in 3
cases, to continue drug therapy indefinitely rather
than stop; and, in | casc, to conduct an sdditional
n-of-1 trial). The level of confidence in the new man-
agement decision, measured on a 7-point scale, was
1.82 £ 1.05 (mean T SD). Confidence in the original
decision was .62 T 1.36. This change in management
confidence was similar to the increase seen in the
a-of-1 trials that supported the original decision (from
4.53 + 1.62 10 1.82 £ 1.07). The complete spectrum
of changes in physicians' confidence aftcr the 38 n-of-1
trials for which duta arc available for both before and
after the trial is depicted in Figure 3. In most cascs,
physicians clearly were far more confident in their
management after the n-of-1 tnal

In 44 n-of-1 trials, threc pairs of treatment were
completed. In 39 of these trals, physicians expressed
total or very high confidence in their munagement de-
cision (1 or 2 on a 7-point scale). In no case was this
dcgree of confidence present before the a-of-1 trial.
After these 44 n-of-1 trials, thc average score on a 7-
point management confidence scale was 1.77 £ 0.99,

In most of the trials we report, the attending clini-
cians had already conducied their owa open trials and
remained uncertain about treatment efficacy. In thesc
instances, they would have managed the patients us
described in the qucstionnaires we administered. [n a
few trials, physicians preferred to have the first expo-
sure of patients 1o the cxperimental treatment as pant
of an a-of-1 trial. Although physicians may have con-
sidered options such as continuing the medication for
a period and then testing response 1o withdrawal or
conducting open trials of withdraws! and reinstitution,
such planz were made explicit on only u few occasions.

Discussian

We present our initial, 3-ycar expericnce in conducting
n-of-1 trials and offcring the a-of-1 service to commu-

nity physicians. We tested this method of solving diffi-

cult therapeutic dikmmas in a broad spectrum of con-
ditions and using different incerveations. The clinical
problem was most commonly clarification of the effica-
cy of a medication, generally recognized as useful, in
un individual paticnt. In some cases, trials were used
for the clarification of an optimal dosage of a medica-
tion or as an aid to diagnosis.

We were uble ta complete 81% of trials that were
begua. The commanest reasons for not completing s
trial were patients’ noncomplisnce with the study pro-
tocol or emergence of & concurrent illness. In each
trial, we tried to completc threc pairs of trcatments;
achieving this goal was the commonest reason to cate-
gorize a trial as complete. Some trials were ulso cate-
gorized as complcte despite the fuct that three pairs of
treatments hud not been achicved. In all of thesc n-of-
1 trials, the clinically relevant snswer was rcached ac
an carlicr point. On three occasions, target end points
occurted with an unexpectedly low frequency regard-

less of the treatment used. These a-of-1 trials were

interrupted and classified not oaly as complete but
also as providing a definite clinicul answer: Indication
for the usc of a drug was rcfuted. These three n-of-1
trials dramatically show thc necessity of usscssing
drug efficacy in a blind manner. Had the drug been
tested in an open (rial, the results would have been
interpreted as showing the striking cfficacy of the in-
tervention.

To judge the clinical usefulness of a-of1 tnals, we
developed a s¢t of both clinical and statistical criteria.
We felt that because the goal of an n-of-1 trial is ta
clarify a maaagement decision, an g-of-1 trial can be
considered definite only if this goal is achicved. A defi-
nite answer was obtained in 71 % of all attempted a-of-
1 trials. Clinicians were more liberal in their conclu-
sions that a definite answer had been reached. When
using rigorous statistical criteria for 2 definite answer,
such an answer was attained in only 27% of trials that
were begun (43% of the trials in which data required
to make this assessment were present). On two occa.
sions, physicians did not believe the statistical results;
in both cases, two s¢parate n-of-1 trials yiclded the
same results.
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CONFIDENCE IN MANAGEMENT PLAN

Figure 3. Impact of a-of-1 iriaks on clinicisas’ confdence in their maa-
agement plans, data from J6 a-of-i trials. The y-amus represents number
af tah, and the £-axis indicates confidence 1n managemnent plan. Closed
Bars feprevent cONRACICE in munagement plan defore (Nal, and opea ban
reprasent confidence in managamant plan after trial.
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The relatively small proportion of trials in which
statistical criteria for a definite result were abtained
reflects to some extent the limited power of statistical
tests when only three pairs have been conducted. The
extent to which the clinicians were convinged of the
results when statistical critcria were not met attests to
the valuc of the mcthod cven without statistical analy-
sis. Another limitation of statistical analysis is that the
decisian to continuc with sdditional pairs can be driv-
en by the results, potentiully invalid«ting the nominal
P-value abtained. Because of these limitations, we
view the statistical analysis as an adjunct (but often
very useful adjunct) for the interpretation of the re-
sults of n-of-1 trials.

The expense incurred by coaducting n-of-1 trials
will be an issue. Until now, our trials have been paid
for by research funds. We have not, thercfore, estab-
lished a standard fec for the referral nor decided an
how fees should be modified depending oa the aature
and length of the study. Although, in our experience,
the research assistant time per trial was coasiderable,
much of this time¢ was spent on activities (such as
administering questionnaires to  physiciuns) that
would not be part of n-of-1 trials once they arc cstab-
lished in clinical practice. We belicve that cven with-
out dctailed information on costs, conducting a-of-1{
trials is likely to be cost-effective. In our experience, a
substantial proportion of trials result in discontinua-
tion of medication that would otherwisc have been
continued for months or years. The cost savings from
discontinuing medication and from reducing physician
time spent in medication review and in treating ad-
verse reactions 1o medication is likely to be considera-
ble. Third-party puyers muy wish to consider these
potential savings when developing policies on rcim-
bursemeat of costs associated with n-of-1 trials.

We believe that our results show that a-of-1 trigls
are feasible to conduct in clinical practice and often
result in clinically impornant changes in clinicians'
confidence in their management decisians and in the
management decisions themselves. We believe that
most physicians try to be scientific in their approach to
medication prescription and use some of the principles
of the n-of-1 trial (such as observation of paticnts on
and off medication) in their day-to-day practice. The
methadology of the a-of-1 trial provides physicians
with a set of toals that can further incregse the scien-
tific rigor of thar clinical practice and tncrease the
likelihood that the treutments they prescribe are in-
deed those that arc best for the patient.
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Appendix 1. Cntcna for Asscssing the Results of an
a-of-1 Randomicecxd Controlled Trial
Statistical criteria

Defiaite answer

Beneficial P < 005and D > 0.5
Harmful P <c005and D < —~0.5
Neutral P > 005and0.25> D> —0.28

and [Cl] aot > 0.5
or £ >0.05 and
025 > D> —0.25and
|D| for cach pair < 0.5
No dcfinite answer but trend scen

Beneficial 03 <D< 0Sand P < 005
" trend and Clincludes0.5or D 3 0.5
and P> 0.05
Harmful —0.3>D> —0.5 and P<0.05
trend and CI includes —0.5 or

: D < 0.5and P>0.05
No definite answer
Not mecting criteria for cither of the above cute-
gories.
Clinical criteria for definite trial

1. The clinician’s high level of confidence in the ap-
propriatencss of the management decision after
the #-of-1 tnal (1 or 2 on u 7-point scale).

2. n-of-1 trial interruption before completing three
treatment pairs because of the clinician's belief
that drug effectiveness had been established or
refuted (percetved large treatment effect or se.
vere side effects, both confirmed after breaking
the code, or low frequency of treatment end-

points).

Appendix 2. Spectrum of Clinical Conditions in
Which n-of-1 Randomized Controlled Trials Were
Used

Fifty-seven trials were completed. Twenty trials were
done with 19 paticnts with fibrositis. In 18 of these
trials, amitriptyline was tested; nitrazepam was tested
in 2 trials. Sixteen tnals were completed in patients
with chronic airflow limitation. In 10 trials, inhaled
ipratrapium was tested; in 4. oral theonhylline; and. in
2, inhaled calbutamol. Two other paticats pacticipated
in 2 trials each. In a paticnt with suspected myasthenia
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gravis, pyridostigmine was tested in 2 differenc trials.
A patient with recurrent syancope participated in | tri-
al testing propranolol, and 1 trial testing amitsiptyline.
Single trials were done in the following conditions,
with the associated medication: chronic pain, maproti-
line; anxiety, lorazepam; insomnia, loraze¢pam; sus-
pected Addison disease, bydrocortisone; cryplosporis
diosis, spirumycin; Raynaud diseasc, ketanserine;
syncope, propranolol; coronary disease, diltiazem; fa-
milial, Mcditerranean fever, colchicine; rheumatoid
arthritis, clonidine; myositis, prednison¢; abdominal
pain, propanthcline; Meniere discase, phenytoin; psy-
chosis, haloperidol; and suspecied polymyalgis rheu-
matica, predaisone. ‘

Thirteen trials were begun but not compi¢ted. Eight
of these trials involved patients with chronic aiflow
limitation. Five tested inhaled ipratropium; two, in-
haled salbutamol; and one, oral theophylline. Single
trials werc started but not completed in the following
conditions, with the associated medication: premen-
strual syndrome, pyridoxine; spasticity in a paraplegic,
clonidinc; irritable bowel syndrame, trimebutine; idio-
pathic cdema, captopril; and temporal lobe cpilepsy,
carbamazepine.
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