
Prognostic index for recurrence ofseizures after remission ofepilepsy

Medical Research Council Antiepileptic Drug Withdrawal Study Group

Abstract
Objectives-To develop and test a prognostic

index for the recurrence ofseizures after a minimum
remission of seizures of two years in people with a
history ofepilepsy.
Design-Information from a large prospective

randomised study of withdrawal of antiepileptic
drugs was used to identify clinical and treatment
factors of prognostic importance in determining the
recurrence of seizures. A split sample approach was
used to test the internal validity ofpredictions made
on the basis ofidentified prognostic factors.
Setting-Centres in six European countries.
Main outcome measures-Comparison of pre-

dicted and observed rates ofrecurrence ofseizure.
Subjects-1013 patients randomised to the

Medical Research Council study for antiepileptic
drug withdrawal.
Results-The Cox proportional hazards model

identified several factors that increased the risk of
seizures recurring. These included being 16 years or
older; taking more than one antiepileptic drug;
experiencing seizures after starting antiepileptic
drug treatment; a history of primary or secondarily
generalised tonic-clonic seizures; a history of
myoclonic seizures; and having an abnormal electro-
encephalogram. The risks of seizures recurring
decreased with increasing time without seizures.
The model allowed estimation of the risk of seizures
recurring in the next one and two years under the
policies of continued antiepileptic drug treatment
and slow withdrawal of drugs. Split sample valida-
tion suggested that the model was well calibrated.
Conclusion-The model is currently the best

available aid for counselling the many patients in the
community with epilepsy currently in remission who
seek advice about the risks of seizures recurring if
they stop antiepileptic drug treatment. The model
requires validation in a broad population ofpatients,
and such studies are in progress.

Introduction
Many people with a history of epilepsy continue to

take antiepileptic drugs despite achieving periods of
remission (complete freedom from seizures of all types)
of several years.' For many the need to prevent seizures
recurring, which could lead to adverse social conse-
quences such as loss of their driving licence or termina-
tion of employment,2 makes stopping treatment
difficult. Information about the risk of seizures recur-
ring and the factors which influence it is lacking.
Despite more than 20 studies of withdrawal of anti-
epileptic drugs our knowledge of these factors is
extremely poor, mainly as a result of inadequate
sample sizes, poor study design, and naive statistical
analysis.3 None of these studies has produced clear
conclusions, and there is no broad agreement among
them about the predominant risk factors for seizures
recurring.

In 1984 the Medical Research Council set up a
multicentre, randomised, parallel group, pragmatic
clinical trial with patients with a history of epilepsy
who had been in remission for at least two years.4 The
trial had two objectives. The first was to estimate the

excess risk of seizures recurring under a policy of slow
withdrawal of antiepileptic drugs compared with a
policy of routine maintenance. The results of this
analysis have been published and indicate that 22% of
the 510 patients assigned to continue using anti-
epileptic drugs had had seizures within two years
compared with 41% of the 503 patients allocated to
slow withdrawal. These are average estimates over the
sample of patients entered in the trial and should be
modified for an individual patient by risk factors for
seizures recurring. The second objective of the trial
was to identify these risk factors and to combine them
into a predictive model for recurrence of seizures with
the two policies of management. The number of
patients entered in the trial was intended to be
sufficient to allow partial validation of the model by
means of the split sample approach. The development
and application of the model are described in this
paper.

Patients and methods
Between February 1984 and June 1988 clinicians

from six European countries recruited into the trial
1021 patients with a history of two or more definite
seizures who had been free of all seizures for at least
two years while taking antiepileptic drugs, had no
progressive neurological disorder or other condition
considered likely to reduce follow up below two years,
and agreed to randomisation to either of the treatment
policies (randomisation was not acceptable to 776
eligible patients). Eight patients were subsequently
excluded from follow up and analysis. The remaining
1013 patients were followed up until the first six
months of 1989 (995 patients), death (15), or the last
available date before 1989 (3). Full details of the study
design are given in the original report.4

INITIAL ANALYSIS AND PROGNOSTIC FACTORS

In the original report the interval from randomisa-
tion to a patient's first seizure after randomisation (or
to the last date of follow up for patients who had no
seizures) was calculated to the nearest week and
summarised with actuarial survival techniques. The
same data were used in this study to investigate the
importance of potential prognostic factors for seizures
recurring with the Cox proportional hazards regression
model. This multivariate statistical modelling tech-
nique is appropriate for the analysis of failure time or
survival data, which include some censored observa-
tion times (that is, observation times which are termi-
nated by the end of follow up rather than by the event
of interest (a seizure)). A stratified version of the Cox
model was used to allow for non-proportional hazards
(risks of seizures recurring) with the two treatment
policies. Deaths were regarded as recurrences if
associated with seizures and as censored observations
otherwise.
Most of the demographic and clinical information

recorded before randomisation was condensed or
recoded into 28 candidate variables for selection into
the prognostic model. Seventeen of these variables
were binary (yes or no); two were dichotomised
continuous variables (age at first seizure (with a cut
point at 11 years to differentiate childhood epilepsies
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from those in later life, which have different aetiolo-
gies) and age at randomisation (with a cut point at 16
years to separate the different treatment policies for
children and adults)); and nine derived from three
continuous variables (see appendix 1).

Information from 873 patients' electroencephalo-
grams obtained in a window from one year before
randomisation to up to three months after was con-
densed into four binary variables: presence of any
abnormality, presence of any generalised abnormality,
presence of focal paroxysmal activity, and presence of
focal slow wave abnormality. For 377 patients the
electroencephalogram was recorded before or on the
day of randomisation. For the remaining 496 patients
the electroencephalogram was requested at the time of
randomisation but was not recorded until one week
(49 patients), one month (264), two months (102), or
more than two months later (81).

MODEL DEVELOPMENT AND VALIDATION

The problems of regression modelling when using
multivariate variable selection techniques have been
well documented,5-7 and caution is needed about the
overoptimism of such models, which are highly data
dependent.8 The models are ideal for the data which
generate them but perform less well on other, indepen-
dent sets of data. To provide some protection against
this overoptimism and to allow limited model valida-
tion we initially used a split sample approach.' We used
a pseudo-random number generator (SPSS) to assign
random numbers, uniformly distributed over the
range from 0 to 1, to the 1013 patients. The 603
patients with a random number less than 0-6 were
assigned to the training sample, and the remaining 410
patients constituted the validation sample. We chose a
60:40 rather than a 50:50 split so as to have a slightly
larger sample for model development.

Results
MODEL DEVELOPMENT

Because of missing data from electroencephalo-
grams, we started the analyses with the 28 demo-
graphic and clinical variables only and used the Cox
model with stepwise selection and removal of variables
significant at p=010 and not significant at p=015.
Table I summarises the results as regression coeffici-
ents and shows the reciprocal form of the three
continuous variables (see appendix 1) because this

TABLE I-Cox models for risk of recurrence of seizures for 22 potential prognostic variables in training
sample of596 patients

Regression coefficients (SE)

Full Stepwise
Univariate multivatiate multivariate

Variable models model model

Female sex 0 15 (0-14) 0-18 (0 15)
Age atrandomisation.> 16 years 0-43 (0-19)* 0-85 (0O26)*** 0-81 (0O20)***
Delayed development or special schooling 0 03 (0-19) -0-14 (0 23)
Brain trauma -0 09 (0-17) -0-02 (0.20)
History ofpsychiatric disorder 0 09 (0 23) 0-06 (0 25)
Family history of epilepsy 0 33 (01 8)t 0-15 (0-19)
Neonatal seizures 0 07 (0 42) -0-02 (0 46)
Febrile seizures 0 02 (0 22) 0 09 (0 24)
Age at first seizure > 10 years 0-06 (0 14) -0 09 (0 19)
Seizures only on awakening 0 38 (0-17)* 0-32 (0 18)t 0 31 (0 17)t
Seizures only while asleep -0 01 (0.21) 0-15 (0 22)
Generalised tonic-clonic seizures (including partial onset) 0 43 (0-23)t 0 45 (0-48)
Partial seizures never secondarily generalised -0 33 (0 26) 0-27 (0-54)
Myoclonic seizures 0-62 (0 32)t 0-68 (0 34)t 0-65 (0 33)
Absence of seizures -0 07 (0 24) 0-08 (0 27)
Status 0 34 (0 28) 0 31 (0 32)
Previous attempted withdrawal from antiepileptic drug

treatment 0-26 (0-21) 0 05 (0 23)
> 1 Antiepileptic drug taken 0 44 (0 17)** 0 51 (0-19)"* 0-52 (0 18)**
Seizures after antiepileptic drug treatment 0 40 (01 8)* 0-66 (0 27)* 0-60 (0 18)***
Period free from seizures (years)t 1-68 (0 52)** 3 14 (0 71)*** 3-22 (0 58)***
Duration of epilepsy (days)t -0 04 (0-48) 0-60 (0 49)
Duration of antiepileptic drug treatment (years)i -0 44 (0-49) 0 09 (0 94)

tp < 0 10, *p < 0-05, **p <0-01, ***p <0 001. tVariables coded as reciprocals (see appendix 1).

form was preferred (lower p values and more parsi-
monious). The coefficients for a univariate model with
only the corresponding variable, for a full multivariate
model (with all 22 variables), and for the selected
model are shown. The size of the training sample was
reduced from 603 to 596 because for seven patients
information on family history, neonatal seizures,
febrile seizures, or specific types of seizure was
missing (coefficients for the univariate models were
estimated from this reduced sample).
The results from the univariate and full multivariate

models are consistent: for most variables the regression
coefficients were less than or only slightly greater than
their standard errors, and six of the eight variables
significant at p=010 in the univariate models
remained so in the full multivariate model (the excep-
tions being family history of epilepsy and generalised
tonic-clonic seizures). In the full multivariate model
the risk of seizures recurring increased with age at
randomisation (entry into the study) greater than 16
years (relative risk 2-3 (95% confidence interval 1-4 to
3 9)); seizures only on awakening (1-4 (0 97 to 2 0));
myoclonic seizures (2-0 (1 0 to 3 8)); more than one
antiepileptic drug taken (1 7 (1-2 to 2 4)); seizures after
the start of antiepileptic drug treatment (1-9 (1 2 to
3 3)); and decreasing periods without seizures. These
six variables were also selected by the stepwise model,
though not completely straightforwardly: duration of
antiepileptic drug treatment was selected after the
period free from seizures but was eliminated in
the penultimate step before selection of myoclonic
seizures. The most important variable that failed to be
selected was a history of generalised tonic-clonic
seizures (p=0- 17).

Inclusion of the four binary variables from electro-
encephalograms reduced the training sample from 603
to 510 patients. The stepwise model selected five of the
six variables chosen in table I but replaced seizures
only on awakening (p=0 27) with presence of a slow
wave abnormality (p=0 09), just ahead of the presence
of any abnormality in the electroencephalogram
(p=O-10).
As a result of these analyses we chose a model for

estimating the risk of seizures recurring with eight
prognostic variables: the six in the stepwise model in
table I plus history of generalised tonic-clonic seizures
and presence of any abnormality in the electro-
encephalogram. The last two were added so as to
include too many rather than too few variables and
were chosen on the basis of clinical judgment. The
baseline survivorship functions were also calculated for
the two policies of treatment to estimate probabilities
of seizures recurring by one and two years after
randomisation.

MODEL TESTING

To assess this model's accuracy in predicting recur-
rence of seizures we used data from the 410 patients in
the validation sample. For each patient we estimated
the predicted probabilities of seizures recurring by one
and two years after randomisation, using the patient's
details for the eight variables of the model, the
regression coefficients, and the appropriate baseline
probabilities of seizures recurring. There were 92
recurrences in the validation sample within one year of
randomisation and 130 within two years. The observed
probabilities of seizures recurring were thus 0-224 by
one year and 0-317 by two years compared with average
predicted probabilities of 0-233 by one year and 0-320
by two years. The model thus gave average probabilities
that were close to the observed frequencies. The
predicted probabilities were then grouped at intervals
of 0 1 up to 0 7, and all values above 0 7 were grouped.
For each group the proportion of actual recurrences by
two years was found and plotted against the mid-
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TABLE 1I-Cox models for risk of recurrence of seizures for 26 potential prognostic variables in complete
sample of 1003 patients

Regression coefficients (SE)

Full Stepwise
Univariate multivatiate multivariate

Variable models model model

Female sex 0-12 (0-11) 0-19 (0-1 )t
Age at randomisation > 16 years 0-43 (0 14)** 0-55 (0 20)** 0-56 (0-15)***
Delayed development or special schooling 0-16 (0-13) 0-00 (0-17)
Brain trauma 0-14 (0 12) 0 10 (0-14)
History ofpsychiatric disorder 0-22 (0-17) 0-10 (0-18)
Family history of epilepsy 0-23 (0-14) 0-15 (0-14)
Neonatal seizures 0-45 (0-26)t 0-41 (0-29)
Febrile seizures 0-18 (0-17) 0-22 (0-18)
Age at first seizure >1O years 0-13(0-11) 0-04 (0-15)
Seizures only on awakening 0-21 (0-13) 0-22 (0-13)
Seizures only while asleep 0-07 (0-15) 0-21 (0- 16)
Generalised tonic-clonic seizures (including partial onset) 0-50 (0-18)** 1-08 (0 43)** 0-44 (0-18)*
Partial seizures (never secondarily generailised) -0-31 (0-20) 0-84 (0-47)t
Myoclonic seizures 0-46 (0 25)t 0-60 (0 26)* 0-61 (0-25)*
Absence of seizures -0-03 (0-18) 0-26 (0-21)
Status 0-26 (0-21) 0-03 (0 23)
Previous attempted withdrawal from antiepileptic drug

treatment 0-17 (0-16) 0-01 (0-17)
> 1 Antiepileptic drug taken 0-55 (0-13)*** 0-54 (0-14)*** 0-60 (0-14)***
Seizures after antiepileptic drug treatment 0-38 (0 13)** 0-41 (0 19)* 0-44 (0-14)***
Period free from seizures (years)t 1-28 (0 37)*** 2-70 (0 50)*** 2-51 (0 38)***
Duration ofepilepsy (days)t -0-42 (0-43) 0-12 (0-44)
Duration of antiepileptic drug treatment (years)t -0-49 (0-36) -0-28 (0-67)
Data from electroencephalograms:
Any abnormality 0-35 (0-14)** 0-22 (0-15) 0-28 (0-14)*
Generalised abnormality 0-26 (0-13)* 0-17 (0-15)
Focal paroxysmal activity -0-03 (0-18) -0-28 (0-20)
Focal slow wave abnormality 0-33(0-19)t 0-30 (0-21)

tp<0-10, *p<O05, **p<0-01, ***p<O0001. tVariables coded as reciprocals (see appendix 1).

interval value (figure). Comparable results were
obtained for recurrence by one year, but the data in the
figure provide a more stringent test since they are based
on a wider spread of predicted probabilities and on a
greater number of recurrences. The model seems to be
well calibrated, with the actual proportion of recur-
rences in each group lying close to the predicted
average. The confidence intervals, however, are wide,
especially above probabilities of 0-5, and do not
exclude deterioration in calibration above this point.

I
L.

o 0.8

t 0.6
.0
o 0.4.

sample. The final model selected seven prognostic
factors for increased risk of seizures recurring: age 16
years and over (relative risk 1-75 (95% confidence
interval 1-30 to 2 35)); taking more than one anti-
epileptic drug (1 -83 (1 -40 to 2-39)); a history ofseizures
after starting antiepileptic drug treatment (1 56 (1 19
to 2-04)); a history of tonic-clonic seizures (primary or
secondarily generalised) (156 (1-09 to 2-22)); a history
of myoclonic seizures (1-84 (1-13 to 3-01)); and an
abnormal electroencephalogram in the previous year
(1-32 (1-01 to 1-73)). The risk of recurrence also
declined as the period without seizures increased but in
a complex way.
To derive a prognostic index corrected for over-

optimism we shrank the regression coefficients in the
final model by the factor 0-787 (see appendix 1). For
ease of computation the shrunk coefficients were
multiplied by 100 and rounded to the nearest five and
are presented in the form of a scoring rule in table III.
The index can be used to obtain estimates of the
probabilities of seizures recurring within one and two
years of starting slow withdrawal of antiepileptic drugs
or continuing treatment. The estimates can easily be
calculated on a pocket calculator.

TABLE III-Prognostic index for recurrence of seizures within one and
two years after continuing antiepileptic drug treatment or starting slow
withdrawal

Starting score (all patients) -175
Age 16 years or older add 45
Taking more than one antiepileptic drug add 50
Seizures after start of antiepileptic drug treatment add 35
History ofprimary or secondarily generalised tonic-clonic seizures add 35
History ofmyoclonic seizures add 50
Electroencephalogram in past year:
Not available add 15
Abnormal add 20

Period free from seizures (No ofyears) add200

Total score T

Divide total score by 100 and exponentiate z= eT"1°
Probability of recurrence of seizures:
Continued treatment
By one year 1-0-89'
By two years 1-0-79,

Slow withdrawal
By one year 1-0-69,
By two years 1-0-60'

(76)

Discussion
o (I104) ' I Up to 70% of patients in whom epilepsy is diagnosed

0.21 will enter a prolonged remission of their seizures
0 0. -

Line of perfect calirationb shortly after starting treatment.' People with such
2 o benign epilepsy, apparently sensitive to treatment, will
n- 0 0.2 0.4 0.6 0.8 wonder whether long term treatment is required to

Grouped predicted probabilities of recurrences maintain freedom from seizures. Patients may, how-
Validation sample of patients with history of epilepsy: comparison of ever, have considerable difficulty in reaching a decision
grouped predicted probabilities of seizures recurring by two years after about the most suitable course of action (continuing
start of study with proportions of observed recurrences of seizures (bars their treatment or attempting to stop it). For many
show 95% confidence intervals and numbers of patients are shown in patients, remaining free from seizures is extremely
parentheses) important, while others may be concemed about the

consequences of long term antiepileptic drug treat-
FINALMODEL ment, particularly for contraception and pregnancy.
The analyses conducted on the validation sample Previous studies have provided some estimates of the

indicated either that the model produced by stepwise average risk of seizures recurring after the withdrawal
selection with the training sample was well calibrated of treatment after a period of remission. Average risks,
or that the patients who entered the trial formed a however, may not be relevant to a person with
comparatively homogeneous sample. Random split- epilepsy. As epilepsy is a heterogeneous disorder
ting does not provide validation as would a truly rather than a single disease entity some patients will
independent sample, in which the distribution of probably require drugs for continued control of seizures
covariates could be quite different. With apparent whereas prolonged drug treatment for others may be
similarity between the two samples and good calibra- unnecessary. Thus it is recognised that up to 90% of
tion we chose to use the information available from the patients with juvenile myoclonic epilepsy who are in
full sample but to correct for overoptimism of the remission will relapse if drug treatment is withdrawn.'3
variable selection techniques by applying the concept Conversely, the syndrome of benign rolandic epilepsy
of shrinkage developed by Copas.8 in children seems to remit permanently with or without
Table II shows the results of analysis with the full drug treatment.'4 There is therefore a need for more
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precise individual prediction of risk so that patients can
determine their own most appropriate future treat-
ment.
We have attempted to develop a prognostic index for

recurrence of seizures with data from a large clinical
trial. The main objective of clinical trials is to provide a
comparative measure of outcome between randomised
groups, and selection bias is avoided by the allocation
procedure. Patients entered in clinical trials are rarely
a random sample from a well defined or readily
identified population so that generalisation of actual as
opposed to comparative outcome is difficult. In our
trial 22% of patients who continued antiepileptic drug
treatment had a recurrence of seizures within two years
of randomisation compared with 41% of patients who
slowly stopped treatment. These risks of recurrence
will be modified for an individual patient through the
influence of prognostic factors, which are assumed to
act multiplicatively to decrease or increase the average
risks. This is the basis of the Cox proportional hazards
regression model, which provides a natural and
frequently used semiparametric framework for the
analysis of survival-type data. We have attempted
to examine the most likely prognostic factors by
accumulating appropriate information during the trial,
but generalisation of our results to other populations
will be constrained in several ways: by our inability to
anticipate all relevant prognostic factors in the general
population of people with epilepsy; by the manner in
which we coded the information; by the restricted
range of characteristics exhibited by the entrants to the
trial; and by the way that these characteristics interact
(correlate) in the sample.
Because variable selection techniques in the context

of multivariate models are highly data dependent, we
attempted to provide some validation for any derived
model by splitting the sample into training and
validation samples. Our model derived from the train-
ing sample, with eight prognostic factors for seizures
recurring, exhibited excellent calibration when applied
to the validation sample. Either we had a good model or
the patients entered in the trial formed a homogeneous
group and random splitting had produced two very
similar samples. Instead of adopting this model we
used the information available from the full dataset to
develop a final model with seven prognostic factors.
We employed shrinkage techniques to correct for the
overoptimism of variable selection methods based on
significance and produced an index, which could be
calculated with a pocket calculator or by a simple
computer program, to estimate the risks of seizures
recurring within one and two years of starting one of
the two management policies.
The prognostic index retums a probability across

the full range from zero to one. Thus an adult with a
history of tonic-clonic seizures that were controlled
immediately by antiepileptic drugs who has been free
from seizures for four years and has none of the other
adverse factors has a probability of seizures recurring
of0-072 within one year and 0-14 within two years with
continued treatment compared with 021 and 0278
respectively with slow withdrawal of treatment. For a
child the risks are lower: probabilities of 0046 and
0-091 with continued treatment and 014 and 0188
with withdrawal of treatment. For an adult taking
more than one antiepileptic drug who has been free
from seizures for two years and has all the other risk
factors listed in table III, including an abnormal
electroencephalogram, the risks are 0439 and 0689
with continued treatment and 0-841 and 0920 with
withdrawal. These estimates are quoted with spurious
precision to allow checking of calculations: in practice
the probabilities should be rounded to just one decimal
place. Although the prognostic index will return
estimates of probabilities even when the period that a

patient is free, from seizures is very short, one of the
trial's entry criteria was a remission of at least two
years, and so the index should not be used for patients
with remissions of shorter duration.
The model that we have developed, derived from the

only randomised study of withdrawal of antiepileptic
drugs from patients in remission, provides the best
available information for patients considering drug
withdrawal. The development of prognostic models of
this kind represents an important application of data.
from clinical trials and a new way of showing patients
and clinicians the relevance of a major clinical study to
their own decisions and practice. We hope that the
model will be used by general practitioners, who while
not experts in epilepsy are usually solely responsible
for the care of patients in remission who continue to
take antiepileptic drugs. We caution that the index and
variants on it must be validated with patients who have
a different demographic and clinical profile from those
entered in the Medical Research Council trial. Such
studies are in progress.

We thank the Medical Research Council for funding this
study and Ciba-Geigy, Parke-Davis, Sanofi, and Wellcome
for supporting study meetings.

Appendix 1
CONTINUOUS VARIABLES

Nine variables were derived from three continuous vari-
ables: duration of epilepsy (interval from first to most recent
seizure at randomisation); duration of antiepileptic drug
treatment (interval from start of treatment to randomisation);
and period free from seizures (interval from most recent
seizure to randomisation). These variables were retained in a
continuous form since there were no obvious cut points
influential in the trial design or identifiable from initial
analysis. The variables were coded in three different forms:
the variable itself, its square, and its reciprocal. The first two
forms were required to allow for curvilinear modelling of
covariate effects in the hazard function identified in an initial
exploratory analysis. We also included the reciprocal because
a quadratic function has either a minimum or a maximum,
and this might have been implausible for the three variables.
The reciprocals force the effects of the covariates in the hazard
function to decrease or increase continuously according to
whether the associated regression coefficient is negative or
positive. Thus the risk of seizures recurring is forced to
increase as the interval free of seizures shortens (regression
coefficient 1-68, table I).

TRAINING SAMPLE

Results similar to the stepwise model in table I were
obtained when we excluded variables with missing informa-
tion and also when we used backward elimination from the
full model. Regression coefficients for the eight prognostic
variables in the selected model were also estimated for three
forms of the Cox model: the first did not include abnormality
seen in an electroencephalogram (603 patients); the second
included all eight variables and excluded patients without an
electroencephalogram (516 patients); and the third included
the eight variables, but patients without an electroencephalo-
gram were allocated the average score for an abnormal
encephalogram (normal=0, any abnormality= 1) (603
patients). As expected, the first and third forms of the model
were very similar while the second and third, which had an
86% overlap between the samples, showed some variation in
regression coefficients (up to 0-83 SD).

VALIDATION SAMPLE

As an additional check we calculated the discrimination
measure, c, of Harrell et al' and the Brier score' 12 for the
predicted probabilities in the validation sample. The dis-
crimination measure examines the association between the
predicted probabilities and actual recurrence: it estimates the
probability that a random subject having a recurrence
receives a higher predicted probability than a random subject
without recurrence. For recurrence by one year the discrimi-
nation measure was 0 73 (0-72 by two years), consistent with
reasonable discrimination. The Brier index quantifies the
accuracy of the predicted probabilities by comparing them
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with the actual outcomes. Since it is a penalty score with
values between 0 and 1, smaller scores imply better accuracy.
For the validation sample the observed Brier index is 0-15 for
recurrence by one year (and 0-19 by two years). Both indicate
good predictive accuracy, the standard normal calibration
statistic being 0-12 (and 009)."

FINALMODEL

We used the Cox model with forward stepwise selection of
variables applied to the 1003 patients with no missing clinical
or demographic information. For patients with missing
electroencephalographic information we allocated the average
score for each of the four variables (normal=O; abnormal= 1).
The results from the univariate models, the full multivariate
model, and the stepwise multivariate model were similar
(table II). The stepwise model incorporated seven variables,
one less than in the model shown in table I. The prognostic
factors: seizures only on awakening, female sex, a history of
neonatal seizures, and a history of partial seizures which are
never secondarily generalised were next in importance in
terms of statistical significance (X2 tests to enter were 2-44
(p=0-12), 2 35 (p=0-13), 2-27 (p=0O13), and 2-26 (p=0-13)
respectively). The backward elimination method starting
with the full multivariate model in table II included these four
variables. We excluded them from the final model because
none seemed of outstanding statistical importance, and they
were not considered of major clinical relevance in addition to
the variables already accounted for.
We performed some additional analyses to investigate the

potential importance of serum concentrations of antiepileptic
drugs and to examine interactions. The serum concentrations
of six drugs at the start of the trial were standardised to
equivalent ranges with sodium valproate as a reference. Thus
the concentrations (mg/ml) of phenobarbitone, phenytoin,
carbamazepine, primidone, and ethosuximide were multi-
plied by 2 5, 5, 10, 2 5, and 1-25 respectively. For patients
taking two drugs the two rescaled concentrations were
summed. The stepwise multiple regression analysis was then
repeated on the 902 patients taking one or two drugs with
recorded serum concentrations. All the original variables
(table I), the rescaled drug concentrations (a continuous
variable), and a binary indicator of subtherapeutic concentra-
tions (rescaled concentrations < 50) were allowed. Although
the rescaled concentrations were significant in univariate
analysis (p=0007), they were not selected by multivatiate
analysis, which again produced the variables in table II.
To assess the importance of interactions between the seven

prognostic factors in table II the stepwise analysis was
repeated with a model including all seven factors and the 21
possible first order interactions as candidates. None of the
interactions achieved significance at p=0 05. To investigate
interactions with the treatment groups we again used the
stepwise modelling approach with a model including all 22
variables plus the treatment group, and the 22 first order
treatment interactions as candidates. None achieved statisti-
cal significance at p=0 05.
To derive a prognostic index corrected for the over-

optimism of multivariate variable selection techniques when
applied to new patients, especially those from populations
dissimilar to that in our study, we shrank the regression
coefficients by the factor 0-787. This was derived from
1-(k-2)/C, where C is the global X2 statistic (112-68) on
k=26 degrees of freedom for the multivatiate full model in
table II.9 For ease of computation the shrunk coefficients were
multiplied by 100 and rounded to the nearest 5 (table III).

Appendix 2
The participants in the MRC Antiepiletic Drug With-

drawal Study were: Dr D Chadwick (clinical coordinator);
Mrs P Bessant and Mrs B Eaton (trial secretaries); Mrs J
Taylor (trial administrator); Ms A Holland, Mr J Joannou,
Dr A L Johnson, Ms L Oldfield, and Mr N P Reader
(statistical centre); Dr E J W Gumpert (electroencephalo-
graphy coordinator); Mrs A Jacoby (Institute for Social
Studies in Medical Care); Dr H Cuckle and Professor C

Warlow (members of steering committee); Dr G Barton
(Aylesbury); Dr E Hicks, Dr V H Patterson, and Dr M W
Swallow (Belfast); Dr A Bush, Dr J A Finnegean, Dr A
Gupta, and Dr A Sharma (Birmingham); Dr K T Thomas
(Blackburn); Dr I T Ferguson, Dr C B Karki, and Dr R M
Walters (Bristol); Dr J Morrow, Professor A Richens, Dr S
Wallace, and Dr S J Wroe (Cardiff); Dr R Godwin-Austen
(Derby); Dr A Davidson, Dr D L W Davidson, and Dr R
Roberts (Dundee); Dr J K Brown, Dr R E Cull, Dr A
McInnes, and Dr P Sandercock (Edinburgh); Dr C Gardner-
Thorpe (Exeter); Dr W F Durward, Dr I Melville, and Dr M
Thomas (Glasgow); Dr M A Barrie (Harlow); Dr J E Rees and
Dr M Rice-Oxley (Haywards Heath); Dr A M Butterfill and
Dr N Fraser (Hereford); Dr M D Rawson (Hull); Dr C H
Hawkes (Ipswich); Dr A I Mukhtar (Kettering); Dr E G S
Spokes (Leeds); Dr B Kendall, Dr P Millac, Dr J R Moore,
and Dr I F Pye (Leicester); Dr J W Garry (Lincoln); Dr J
Andrews, Dr L D Blumhardt, Dr M Hand, Professor F
Harris, Dr M Hayward, Dr D P Heaf, Dr S J Howell,
Dr P R D Humphrey, Dr A D Kindley, Dr I Lewis, Dr P
MacFarlane, Dr T McKendrick, Dr N Marlow, Dr P
Minchom, Dr I Morgan, Dr J R Roberts, Dr L Rosenbloom,
Dr S R Sadik, Dr J Sills, Dr W B Spry, Dr P Stutchfield,
Dr A P Thomson, Dr A J Williams, Dr E H Yousif, and
Dr T D Yuille (Liverpool); Dr P Chesterman, Dr C R A
Clarke, Dr F Clifford Rose, Dr P Crawford, Dr C
Dellaportas, Dr R Elwes, Dr T D C Fox, Dr D Hall, Dr A
Heller, Dr N Legg, Dr P Monro, Dr G D Perkin, Dr E H
Reynolds, Dr De Silva, Dr T Steiner, and Dr S Wilson
(London); Dr W J K Cumming, Dr R W Newton, Dr M
Norohna, and Dr D I Shepherd (Manchester); Dr P Newman
and Dr M Saunders (Middlesbrough); Dr D Bates, Dr N E F
Cartlidge, Dr D Gardner-Medwin, and Dr D W A Milligan
(Newcastle upon Tyne); Dr D R Knight (Northampton);
Dr R Greenhall, Dr N M Hyman, and Dr E Spalding
(Oxford); Dr P I Tomlin (Preston); Dr G Venables
(Sheffield); Dr A W Pantlin (South Ockendon); Dr B
Crossley and Dr C Tyrie (Southampton); Dr H G Boddie,
Dr R A Cooper, Dr S L Manawadu, and Dr R P Murphy
(Stoke-on-Trent); Dr A C Butler (Stourbridge); Dr P Cleland
(Sunderland); Dr C A R Bainton (Torquay); Dr L Loizou
(Wakefield); Dr G P McMullin (Warrington); Dr J Platt
(Whitehaven); Dr R Corston (Wolverhampton); Dr B
Pedersen (Denmark); Dr 0 Dulac (France); Dr M Conran
(Ireland); Dr P Zagnoni (Cuneo, Italy); Dr G Zaccara
(Florence, Italy); Dr A Van Lierde and Professor F Viani
(Milan, Italy); and DrJ Overweg (Netherlands).
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