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Editorials

N-of-1 trials: an opportunity to tailor
treatment in individual patients
During a consultation, a situation may arise
in which the benefits or harms associated
with a particular treatment are uncertain.
These uncertainties may occur for a number
of reasons: well conducted randomised
controlled trials (RCTs) may not have been
performed; the patient may possess certain
characteristics, for example multiple chronic
diseases, that might attenuate the benefit of
the therapy or increase the likelihood of
harm; or there may be a disagreement
between the patient and the healthcare
professional about the potential benefits or
harms of alternative therapies, particularly as
RCTs only give ‘average’ estimates of benefit
and harm, with some patients benefiting
while others do not.1 When these situations
occur, subjective forms of decision making,
such as ‘trials of therapy’, have often been
relied upon. In these situations of trials of
therapy, benefit or harm from treatment is
decided on loose criteria and weak
methodology, and the individual patient’s
response to treatment provides little rigorous
support concerning the actual efficacy of
treatment.2

N-of-1 studies are randomised, double
blinded, multiple crossover comparisons of
an active drug against a placebo or an
alternative treatment in a single patient.1,3,4

They limit biases of standard practice such
as trials of therapy. More than 50 n-of-1 trials
have been reported, each one designed to
improve the care being delivered to an
individual patient.3 Patients in these studies
have suffered from a wide variety of
conditions, including chronic obstructive
airways disease, asthma, osteoarthritis,
allergic rhinitis, gastrooesophageal reflux
disease, insomnia, hypertension and angina.
In patients with chronic obstructive airways
disease, a randomised trial demonstrated
that the objectivity of n-of-1 trials in
determining treatment in individual patients
is superior to standard practice.5 In those
patients randomised to an n-of-1 trial of
therapy compared with those randomised to
standard clinical practice, unnecessary
theophylline prescribing led to reduced
adverse effects and improved exercise

capacity and quality of life.5 Despite this
objective evidence concerning their benefit,
n-of-1 trials are rarely used in routine clinical
care regardless of their suitability for many
clinical situations, particularly in the
community.3 N-of-1 trials are particularly
useful for chronic medical conditions that
run a prolonged course in which the
proposed treatment has a rapid onset of
action with readily observable effects, and
ceases to act soon after it is discontinued.6

It is for these reasons that two reports in
this month’s Journal are particularly
welcome. Woodfield and colleagues in
Auckland performed a series of n-of-1 trials
in 13 patients who were complaining of
nocturnal leg cramps. The authors highlight
the fact that symptomatic drug treatment
with quinine is supported by some evidence
from RCTs, but that quinine also has well
recognised side effects. Of the 10 patients
who completed three cycles of 4-week
treatment periods (2 weeks on active and
2 weeks on placebo), three derived clear
benefit, six non-significant benefit and one
no benefit. All 13 patients elected to
continue with their quinine treatment after
the end of the study.7 Woodfield and
colleagues argue that once started on
medication for a chronic condition, it is hard
to change patient preference, despite
evidence of marginal or no benefit. A second
study by Nikles et al from Australia, reports
on patients and carers perspectives and
their experience of using n-of-1 trials for
osteoarthritis (paracetamol versus ibuprofen)
or for attention deficit hyperactivity disorder
(dexamphetamine/methylphenidate versus
placebo).8 Their results show that patients
and carers viewed participation in these n-
of-trials positively. Patients reported
increased knowledge, awareness and
understanding of their condition. The
positive response was attributed to patients
collecting information about their condition
and participating actively in therapeutic
decision making at the end of the n-of-1 trial
period. One of the reasons given by patients
for participating was the trial’s ability to give
them individual information about their

condition. The expectation of symptomatic
pain improvement (in patients with
osteoarthritis) and increased knowledge and
awareness resulting in a greater sense of
control and increased ability to help
themselves or their child (for patients or
parents with attention deficit hyperactivity
disorder) were linked to their adherence to
the trial. Taken together these two studies
show that carefully planned n-of-1 trials are
likely to be well received by patients and to
enhance patient-centred care.8

Several issues are converging that may
make the establishment of n-of-1 trials more
commonplace. Currently, there is a great
deal of interest about and funding into
identifying patients by genomic profile so
that drugs can be tailored to individuals,
minimising possible adverse drug reactions
and maximising potential benefits.9 There is
increasing recognition that uncritical
application of treatment estimates from
RCTs may not benefit all patients and that
sub-groups of patients are likely to differ in
their response to treatment, both in terms of
benefit and harm.10 Shared decision making
is now firmly recognised as a key ingredient
to patient-centred care, particularly in the
context of making treatment decisions
concerning chronic disease and life-long
preventive treatment.11 N-of-1 trials appear
to be the solution to these related issues:
offering objective evidence of individual
benefit and harm from therapy while
increasing patients’ involvement and
encouraging them to become involved in the
management of their own chronic illness.
Lastly, n-of-1 trials are being used with
increasing success in the US, in terms of
establishing the most cost-effective option in
situations of drug equivalence but where
costs differ. Prior to the recent travails with
cyclo-oxygenase-2 (COX-2) inhibitors,
several health maintenance organisations
(HMOs) insist that patients with osteoarthritis
who wish to take long-term COX-2 inhibitor
therapy undergo a series of n-of-1 trials to
establish their superiority to conventional
non-steroidal anti-inflammatory or
paracetamol therapy. Independent, for-profit
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companies are now established offering an
n-of-1 trial service to HMOs so that cost-
effectiveness studies can be established in
individual patients seeking long-term
medical treatment.

Barriers to the wider dissemination and
implementation of n-of-1 trials include a lack
of intellectual and administrative experience.
The effort of setting up an n-of-1 trial service
in primary care is substantial: this includes
the time and cost of paperwork and consent
forms, arranging identical placebos from a
pharmacy, and printing and distribution of
patient diaries. Collaboration with pharmacy
colleagues and funding and interest from
primary care organisations (PCOs) will be
essential. Despite these barriers, we should
remember that n-of-1 trials are at the top of
the hierarchy of strength of evidence for
treatment decisions. If we are truly interested
in patient-centred care and shared decision
making, we should invest in n-of-1 trials
placing them firmly in the arena of usual
patient care.

VISHNU MADHOK
Medical student, University of Dundee, Dundee.

TOM FAHEY 
Professor of Primary Care Medicine, Tayside
Centre for General Practice, University of Dundee,
Dundee.

REFERENCES
1. Guyatt GH, Sackett D, Taylor DW, et al. Determining

optimal therapy — randomised trials in individual
patients. N Engl J Med 1986; 314: 889–892.

2. Villanueva EV, Wasiak J. N-of-1 trials for making therapy
decisions (Protocol) In: The Cochrane Library, Issue 4,
2004.

3. Guyatt GH, Keller JL, Jaeschke R, et al. The n-of-1
randomised controlled trial: clinical usefulness. Our
three-year experience. Ann Intern Med 1990; 112:
293–299.

4. Larson EB, Ellsworth, Oas. J. Randomised clinical trials
in single patients during a 2 year period. JAMA 1993;
270: 2709–2712.

5. Mahon J, Andreas L, Donner A, Wood T. Randomised
study of n-of-1 trials versus clinical practice. BMJ 1996;
312: 1069–1074.

6. Guyatt G, Sackett D, Adachi J, et al. A clinician’s guide for
conducting randomised trials in individual patients.
CMAJ 1988; 139: 497–503.

7. Woodfield R, Goodyear-Smith F, Arrol B. N-of-1 trials of
quinine efficacy in skeletal muscle cramps of the leg. Br J

Gen Pract 2005; 55: 181–185.

8. Nikles CJ, Clavarino AM, Del Mar CB. Using n-of-1
trials as a clinical tool to improve prescribing. Br J Gen
Pract 2005; 55: 175–180.

9. Wolf CR, Smith G, Smith RL. Science, medicine, and the
future: pharmacogenetics. BMJ 2000; 320: 987–990.

10. Rothwell PM, Mehta Z, Howard SC, et al. From
subgroups to individuals: general principles and the
example of carotid endarterectomy. Lancet 2005; 365:
256–265.

11. Elwyn G, Edwards A, Kinnersley P. Shared decision-
making in primary care: the neglected second half of the
consultation. Br J Gen Pract 1999; 49: 477–482.

12. Guyatt GH, Haynes RB, Jaeschke RZ, et al. Users’ guides
to the medical literature XXV. Evidence-based medicine:
principles for applying the users’ guides to patient care.
JAMA 2000; 284: 1290–1296.

Tom Fahey
Professor Tom Fahey, Tayside Centre for
General Practice, Division of Community
Health Sciences, University of Dundee,
Mackenzie Building, Dundee.
Email: t.p.fahey@chs.dundee.ac.uk

ADDRESS FOR CORRESPONDENCE

Hormone replacement therapy after
the menopause — where are we now?
The Million Women Study1 generated a
renewed concern about the use of hormone
therapy, and it is now timely to review the
current role of hormone replacement
therapy (HRT) for women around and after
the menopause. While  therapy may result
in improved quality of life, recent studies
have provided some clarification of
potential risks. Some have even questioned
whether such therapy should be prescribed
at all, but, assuming that it is still suitable,
the recent concerns have implications on
what we should prescribe, to whom, and
for how long.

The Million Women Study was a large,
observational study that recruited women
involved in the UK breast screening
programme. The study showed that HRT is
associated with a duration-dependent
increase in the risk of breast cancer. The
increase associated with combined
oestrogen–progestogen HRT is significantly
higher (relative risk = 2.0 compared with no

use) than for oestrogen-only therapy
(relative risk = 1.30) and for tibolone (relative
risk = 1.45). HRT also increases breast
density, delaying the diagnosis of breast
cancer. There was no difference in the risk of
breast cancer with the type of oestrogen or
progestogen used or sequential or
continuous combined regimens. When
therapy is stopped, the risk decreases —
and after 5 years cessation reaches the
same level as in women who have never
taken the treatment. Interestingly, the
authors contrast the estimated cumulative
incidence of breast and endometrial cancer
in women in developed countries,
comparing oestrogen-only and combined
hormone therapy. They imply that
unopposed oestrogen should be preferred,
even in women with a uterus, even though
there is a consequent small increased risk of
endometrial cancer.

The Million Women Study confirmed what
was already known about the overall risk of

breast cancer with HRT. In addition, the
study emphasised the significantly higher
risk of breast cancer associated with
combined preparations compared to
oestrogen-only preparations. It went on to
document the surprising and not previously
reported fact that tibolone is also associated
with an increased risk of breast cancer, and
that the longer a patient takes HRT, the
higher the risk. The Women’s Health Initiative
(WHI), a large randomised controlled trial,
reported similar risks for breast cancer with
combined hormone therapy,2 but no
increased risk with unopposed oestrogen
when taken for 7 years.3

The WHI study involved healthy
postmenopausal women who were
randomly assigned to combined
oestrogen–progestogen, oestrogen-only or
placebo, with the study endpoints being
the number of women who died of
coronary causes or who had a nonfatal
myocardial infarction. The final results




