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Conventional clinical trials involve tests of hypotheses with statistics computed from values of
dependent variables alone. An alternative is to test hypotheses with statistics computed from
benefit/harm scores that measure longitudinal associations between dose and values of the depen-
dent variables. The proposed standardized measure of benefit/harm quantifies the strength of
evidence that a patient did either better or worse while on treatment. A benefit/harm score, particu-
larly when obtained from a randomized, N-of-1 trial, indicates a beneficial or harmful treatment
effect for the individual. Benefit/harm scores from samples of patients are evaluated with standard
statistical tests, with or without group comparisons, to make inferences about populations. The
proposed alternative strategy can vield within-patient indicators of treatment effect that are more
reliable, valid, comprehensive, and detailed. This, in turn, could help make many population-
based clinical trials more informative, cost-effective, and clinically useful for participants.

This article intreduces an alternative strategy for conducting
clinical trials. The proposed alternative strategy is particularly
advantageous for evaluating the way drugs, administered in
doses that vary over time, affect dependent variables that can
fluctuate in level, Examples of dependent variables suitable for
the alternative strategy include many measures of physiologi-
cal, psychological, and social functioning and quality of life. In
contrast, the conventional strategy is more appropriate for eval-
uating the effects of all-or-none treatments on generally nonre-
current, all-or-none outcomes such as death, remission, or cure,
which often are quantified with group rates and proportions.

The primary distinction between the conventional strategy
and the proposed alternative strategy for clinical trials can be
identified by answering the question: “What type of measure is
tested to make inferences about the effects of therapy on popu-
lations?” Investigators conducting conventional clinical trials
test hypotheses with statistics computed from values of depen-
dent variables alone. These dependent variables are measures
of signs, symptoms, and behavior. The proposed alternative isa
two-phase analytic strategy that can be applied when both the
dose of treatment and values of the dependent variables can
fluctuate over time for individuals.

Phase 1, the measurement phase of analysis with the alterna-
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tive strategy, is to score within-patient longitudinal associations
between dose and values of the dependent variables, The pro-
posed standardized measure of longitudinal association that
characterizes the alternative strategy quantifies the strength of
evidence that a patient did either better or worse while on treat-
ment. Values of the measure will be called benefit/harm scores
or simply benefit/harm. The set of procedures and options for
computing benefit/harm scores will be called benefit/harm
scoring. A benefit/harm score, particularly when computed
from data obtained under experimental conditions that isolate
the effects of treatment from the effects of other variables, is
interpreted as a within-patient indicator of treatment effect.

Phase 2, the statistical phase of analysis, tests hypotheses
using sample statistics computed from benefit/harm scores to
make inferences about populations. Benefit/harm scores in the
following demonstrations will not be used to test hypotheses
about individual subjects.

Benefit/harm scoring can facilitate the use of several tech-
niques to help make within-patient indicators of treatment ef-
fect more reliable, valid, comprehensive, and detailed. These
techniques include use of information from assessments re-
peated on two or more occasions, use of more than one depen-
dent variable, and use of randomized N-of-1 clinical trials. The
combination of benefit/harm scoring with these techniques
can, in turn, help make many population-based clinical trials
more informative, cost-effective, and clinically useful for partic-
ipants.

Demonstration 1: A Parallel-Groups,
Multiple N-of-1 Clinical Trial

Demonstration | consists of a coordinated set of N-of-1 clini-
cal trials for each of two groups obtained by randomizing a
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sample of patients. The results will be analyzed to make infer-
ences about benefit/harm for the population. Demonstration 1
illustrates a parallel-groups, multiple N-of-1 clinical trial.
Benefit/harm scoring can be applied both to multiple N-of-1
designs and to intensive studies with more conventional pre-
post and crossover designs. The multiple N-of-1 design was
selected for Demonstration 1 because it is uniquely suitable for
providing within-patient indicators of treatment effect. How-
ever, selection of an unconventional design apparently pre-
cludes direct comparisons of, for example, statistical power
achieved with conventional and alternative strategies because
there appears to be no standard procedure for analyzing Dem-
onstration 1 data. Demonstration | uses hypothetical data.

Study Questions

Assume there was a need to evaluate and compare the effec-
tiveness of two antipsychotic drugs, such as oral thioridazine
and oral haloperidol, for managing the behavior of patients
with chronic schizophrenic symptoms. There were two pri-
mary questions;

1. Do the two drug therapies differ from each other in terms
of benefit/harm with respect to a set of weighted dependent
variables that assess patient behavior and quality of life?

2. Are the individual drug therapies either better or worse
than placebo in terms of benefit/harm with respect to the set of
all dependent variables?

In addition, do the drugs have different profiles of benefit/
harm across the dependent variables? Questions such as these
can be answered with a parallel-groups, multiple N-of-1 clinical
trial in which the parallel-groups component would compare
the two drug therapies and the multiple N-of-1 component
would evaluate the effects of dose (drug vs. placebo) for each
drug.

Study Design and Intervention

Eight patients who comprised a representative sample were
randomly assigned to either Drug Group 1 (thioridazine) or
Drug Group 2 (haloperidol}—4 patients to each group. In addi-
tion, each patient participated in a randomized, N-of-1 trial.
Each N-of-1 trial consisted of two pairs of treatment periods as
described by Guyatt et al. (1986, 1988). The patients received
drug during one period of each pair and placebo during the
other period. This yields four possible dose patterns-—0101t,
0110, 1001, and 1010—where placebo and drug are represented
by 0 and 1 respectively. The four patients in each group were
randomized to one of these dose patterns. Thus each patient
was randomized twice, once to drug group and once to dose
pattern. Assessments were repeated on two occasions during
each period. Table 1 shows the dose pattern and the dependent
variable data for each patient in Group 1. Assume each patient’s
dose was optimal as determined by previous experience. Larger
sampiles of patients would be recommended for actual studies,
especially if the results were to be used for identifying sub-
groups of responders.

Selection and Assessment of Dependent Variables

Benefit/harm scoring allows the measurement of apparent
overall benefit/harm across many dependent variables. In this
example, one statistical test will be used to evaluate overall
benefit/harm across seven dependent variables.

The seven dependent variables in Demonstration | include
several types of scales. The Brief Psychiatric Rating Scale’
(BPRS; Overall & Gorham, 1962) represents ordinal rating
scales of the type often used in psychiatry. Clinical Global Im-
pression (CGI; Guy, 1976) is a 7-point subjective rating of the
overall severity of a patient’s condition. Extrapyramidal symp-
toms (EPS) were rated as absent, mild, moderate, or severe. The
Trailmaking Test-Part B (Trails B; Boll, 1981) is a neuropsycho-
logical task that was timed in seconds. Sedation was measured
on a 100-mm visual analog scale labeled drowsy (0) and alert
(100). Both dry mouth and drooling were rated as being absent
(0) or present (1. Higher values on all dependent variables ex-
cept sedation indicate that the patient was in worse condition.
Assume that all assessments were conducted double blind with
respect to both drug group assignment and dose pattern,

Each patient was scheduled to have repeated assessments on
eight occasions. Assume that the assessment interval was long
enough for drug effects to have become evident after beginning
drug therapy and for drug effects to have ceased after changes to
placebo. No baseline assessments were used for scoring benefit/
harm. Some assessments were not completed. Benefit/harm
scores were computed from the results of all completed assess-
ments,

Computation of Benefit/Harm Scores

The next three sections describe computation of summary
benefit/harm scores such as those that appear in the right-hand
column of Table 1. For simplicity, the basic procedure will be
described for the case in which both drug and a symptom were
either present or absent on each assessment occasion. Series
that can have only one of two values (0 or 1) for each occasion
will be called dichotomous series. Also for simplicity, the scor-
ing procedure demonstrated here uses scoring options that as-
sume stability of disorder.

The benefit/harm score for dry mouth, Patient 1, Table 1, is
—1.53. This score was obtained as follows: Each of the eight
occasions was assigned to one cell of a 2 X 2 table associating
the presence or absence of drug and dry mouth. The cells of the
2 X 2 table and the number of occasions assigned to each cell
are identified by a, b, ¢, and 4. For example, the upper left hand
cell is labeled 4, and ¢ equals the number of occasions where
both drug and dry mouth were present g = 2). The total num-
ber of occasions, a + b+ ¢ + d, is represented by lower case nto
distinguish it from N, a common abbreviation for the number
of subjects. The data, cell assignments, and 2 X 2 table are
shown here.

Drug 0 0 1 1 0 0 1 1
Dry mouth 0 0 1 0 o 0 0 1
Cellassigpment d d a ¢ d d ¢ a



Dry Mouth

Present, 1

Absent, 0

Table 1

Demonstration 1; Raw Data and Summary Benefit/Harm Scores for Group I of a Hypothetical
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Drug
Present Absent
0
0,1
a=2 b=0
0,0
c=2 d=4
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The magnitude or absoluie value of the raw or unstandard-
ized benefit/harm score, |B,,, |, is

| Bawl =

n{ad — bof?

(a+ bYc+ da+ )b+ d)

= 2.67.

Although this quantity, |B,,,|, is the sum of the squared differ-
ences between the observed and expected cell frequencies, the
value is not referred to the chi-squared distribution to assess a
probability or significance level. Notice that the value of |B,|

Study Comparing Two Drugs Against Each Other and Each Against Placebo
in Schizophrenic Patients, by Pair, Period, and Assessment Occasion

Pair | Pair 2
Period 1 Period 2 Period 1 Period 2 ’
Summary benefit/
Variable 1 2 3 4 5 6 7 8 harm score
Patient 1
Drug 0 0 1 1. 0 0 1 1
BPRS 34 47 37 29 51 42 30 23 2.55
CGI 2 3 3 2 4 2 2 1 1.00
EPS (] 0 1 1] 1 (1] 0 0 1]
Trails B 73 106 96 85 94 87 100 78 0
Sedation 95 65 70 83 91 78 83 68 -1.53
Dry mouth 0 0 1 0. 0 0 0 1 -1.53
Drooling 0 0 0 0 0 0 0 0 0
Patient 2
Drug | 1 0 0 0 1] i i
BPRS 40 34 43 54 48 49 37 37 4.18
Cal 4 3 4 5 4 4 2 3 2.55
EPS | 2 1 i 1 1 -1 1 —1.00
Trails B 232 121 164 108 219 183 251 170 —1.53
Sedation 34 78 65 54 19 34 21 50 1.00
Dry mouth i 1 1 1 1 1 1 1 0
Drooling 0 0 0 0 0 0 0 0 0
Patient 3 )
Drug 0 0 1 1 1 1 0 0
BPRS 37 27 32 25 33 22 40 29 1.53
CGI 3 2 1 1 3 | 3 2 2.55
EPS 2 2 2 1 | 1 | 1 0.28
Trails B 155 148 138 150 99 162 108 176 - 1,00
Sedation 73 56 56 67 34 45 93 34 —1.05
Dry mouth 1 0 1] i 0 0 0 0 —0.28
Drocling 0 0 0 o 0 1 1 1) 0
Patient 4
Drug 1 | ¢ 0 1 1 0 0
BPRS 39 32 — 43 31 35 40 41 3.61
CGI 3 2 — 3 2 2 3 3 - 2.08
EPS 0 1 — 0 1 0 1 1 0.14
Trails B 161 163 —_ 110 130 155 140 144 —2.08
Sedation 12 30 — 50 25 27 37 44 =361
Dry mouth 1 1 — 0 0 "0 0 0 =115
Droolmg 0 0 — 0 0 1 '0 0 —0.87 -

Note. BPRS = Brief Psychiatric Rating Scale; CGI = Clmlcal Glnbal Impressmn EPS extrapyramldal
- symptoms; Trails B = Trailmaking Test-Part B, Dash =

information not available.
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depends on both the strength of association and the number of
occasions. :

The sign of B, is determined by computing the expected
value of a; E(g),

Ea) = (a+bi(a+c) _

1.00,
and following a two-part rule so that positive values describe
evidence for benefit and negative values describe evidence for
harm.

1. Ifhigher values on the dependent variable indicate higher
severity or worse function, then

If Oa) < E(a), By = | Brawl
i o(a} > E(a); Bmw == EBraw‘-

2. Ifhigher values on the dependent variable indicate lower
severity or better function, then

If O(a) < E(ﬂ), Bmw =- IanI
If O(a) > E(a), Bmw = lBrlw t M

The B,, for these data is —2.67, which describes evidence that
the patient did worse-—had more dry mouth—while on ther-
apy. Positive scores describe evidence for benefit or improve-
ment while on therapy. Notice that B, = 0 when O(a) = E(@).

Standardization of benefit/harm scores makes it more ap-
propriate for them to be compared, summarized, and aver-
aged. Each standardized score is one score from a distribution
of scores that has a mean of 0, and the standard deviation is 1
unless O is the only potential score. This distribution is de-
scribed by a set of potential scores and their corresponding
probahilities. The potential scores consist of all benefit/harm
scores that are possible given the marginal frequencies of the
observed 2 X 2 table. The probability corresponding to each

potential score, given the observed marginal frequencies, is.

based on the assumption of random association.

Table 2 illustrates the standardization procedure for the
aforementioned 2 X 2 table. The marginal frequencies of this
observed2X 2tablearea+b=2,c+d=6,a+c=4,andb+d=
4, Column 1 in Table 2 shows the three 2 X 2 tables that are
possible given these marginals. Column 2 lists B,,,, for each of
these 2 X 2 tables, The probability of getting each 2 X 2 table
and the corresponding value of B, under the assumption of
random association was computed with the same formula that
is used in the Fisher exact probability test:

(a + bMc + dla + ONb + D
nlalblclal )

These probabilities, which are shown in column 3, cannot be
used to determine the significance level of the benefit/harm
score for an individual patient when there is serial dependency
in the dichotomous series. However, the more modest claim
that benefit/harm scores help quantify the strength of evidence
that a patient did either better or worse while on treatment
appears to be justified. The extent to which the measurement
of benefit/harm can serve important functions is largely a mat-
ter for empirical study.

P(By) =
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Columns 2 and 3 of Table 2 describe a discrete probability
distribution. The mean or expected value of B, E(B,__), for
this distribution is

E(B,,} = Z(B.p )P(Brw) = 0.
The variance, ¢*, of the distribution of B,,, in Table 2 is
0? = Z[Buw — E(Bpw )PP (Bns) = 3.0476.

The standardized benefit/harm score, B, that corresponds to
each B, is computed

Brﬂw - E(Braw)

a

B=

The distribution of potential scores, given the observed mar-
ginal frequencies and the assumption of random association, is
described by columns 3 and 4 of Table 2. The value of B that
corresponds to the observed 2 X 2 table is —1.53.

The entire standardization procedure was repeated for every
2 X 2 table that was used to score benefit/harm for the demon-
strations in this article, Appendix A, which provides two lines
of evidence confirming that the mean or expected value of B,
E(B), equals zero when the longitudinal or within-patient asso-
ciation between dose and values of the dependent variable is
random, may help provide insight about how the scoring sys-
tem works. Appendix B provides information about how n and
(a + ¢)/n can affect the shapes of distributions of potential scores
and thus affect the comparability of benefit/harm scores from
different 2 X 2 tables. No attempt was made to normalize the
distributions of potential B,,, values before standardization.

Benefit/Harm Score Arrays From Dimensional
Dependent Variables

Unlike the data for dry mouth and drooling, all other depen-
dent variables in Demonstration 1 could havé had more than
two values. The longitudinal association between the dichoto-
mous dose series for each patient and each series of values for a
dimensional dependent variable was described by a one-di-

Table 2

Derivation of a Distribution of Potential Standardized
BenefitiHarm Scores for a 2 x 2 Table

With Fixed Marginal Frequencies

2 x 2 table B,y P(B..) B
01212 2.67 2143 1.53
41216
4 4 8
11112 0 5714 0
3|36
4 4 38
202 -2.67 2143 -1.53"
21416
4 4 8

Total 1.0000

* Observed summary benefit/harm score for Patient 1, dry mouth,



AN AITERNATIVE STRATEGY FOR CLINICAL TRIALS

mensional array of benefit/harm scores and summarized by
the most extreme score in the array. A series of values for a
dimensional variable will be called a dimensional series.

A dimensional series can be transformed into a set of dichoto-
mous series, This transformation is not the same as converting
ordinal data into categorical data because a series of values with
L levels can be transformed, without loss of information, into a
set of dichotomous series with L — | members. All data for
Demonstration 1 were scored at an ordinal level. Additional
series could be used to transform interval data, including deci-
mal values from continuous scales, in a way that would achieve
any desired degree of dimensional resohition without loss of
information.

The BPRS data for Patient 2, Table 1, were transformed as
follows. In this transformation, | indicates a BPRS score greater
than or equal to a specified value, and 0 indicates lesser values.
Each dichotomous series in this set is labeled with the lowest
BPRS score that yielded al in the series and corresponds to the
use of a different cutoff score for defining the presence of a
health state.

Dimensional BPRS score series with seven levels

40 34 43 54 48 49 37 37

Set of dichotomous BPRS score series with six members

Label Dichotomous Series

=37 -1 0 1 1 1 1 1 1
=40 i 0 1 1 1 1 0 0
=43 0 1) t 1 1 1 0 0
=48 0 0 0 | 1 I 0 0
=49 0 0 0 | 0 | 0 0
=54 0 0 0 | 0 0 0 0

After this transformation, benefit/harm was scored as shown
above. Each of the six dichotomous BPRS score series was
cross-classified with the drug dose series for Patient 2 as shown
in Table 3. This yielded six observed 2 X 2 tables with different
marginal frequencies. The value of B is shown for each 2 X 2
table. ' :

The one dimensional array of benefit/harm scores, shown in
the right-hand column of Table 3, provides a detailed descrip-
tion of the longitudinal association between drug dose and
BPRS score for Patient 2. The single dimension of this array
corresponds to levels of BPRS score. These levels are identified
by the labels for members of the set of dichotomous series that
are shown above.

Summarizing Benefit/Harm Score Arrays

Arrays of standardized benefit/harm scores can be summa-
rized to help make generalizations and inferences. The recom-
mended procedure for summarizing the array corresponding
to one dependent variable for one patient is to select the most
extreme value. Thus, the array in the right-hand column of
Table 3 is summarized by 4.18. Extreme values of equal magni-
tude but opposite sign are summarized by 0. The right-hand
column of Table | uses summary scores to profile benefit/
harm across the seven dependent variables for each patient in
Group 1.

One reason for summarizing arrays by extreme values is that
the location of the summary benefit/harm score in the array
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identifies the conditions, as defined by the levels of array’s di-
mensions, that provided the most benefit/harm. The most evi-
dence for an association between treatment and health states in
Table 3 (B = 4.18) was obtained when BPRS was =43: A1l BPRS
scores for Patient 2 were =43 on placebo and <43 on drug. It
would not seem meaningful to summarize an array by the
mean of scores in the array when the levels of a dimension are
identified by values on an integrated scale—values greater than
or equal to specified values.

Selection of extreme values within arrays for individuals in
the sample apparently does not increase the probability of Type
I error. The Monte Carlo simulations in Appendix A show how
positive and negative summary benefit/harm scores from dif-
ferent individuals in a sample tend to offset each other when the
within-patient associations are random. For this reason, both
of the individual drug groups in Demonstration 1 will be evalu-
ated with a one-sample ¢ test in an attempt 1o reject the null
hypothesis that mean benefit/harm equals 0.

Computing Overall Benefit/Harm Scores

Overall benefit/harm scores can be used to evaluate hypothe-
ses about benefit/harm across many dependent variables with
one statistical test. Investigators who compute overall benefit/
harm scores have the option of differentially weighting benefit/
harm scores for the individual dependent variables in accord
with clinical significance and patient preferences. Methodolo-
gies described by Froberg and Kane (1990) for measuring
health state preferences could be applied to determine these
weights. Figure | includes the weights for Demonstration 1. The
summary benefit/harm score for each dependent variable was
multiplied by the assigned weight. The sum of the resulting
products was divided by the sum of the weights to obtain the
overall benefit/harm score for each patient. Publication of un-
weighted benefit/harm scores would assist readers who want to
reanalyze the results of studies using different weights.

Results for Demonstration 1: Testing Benefit/Harm
Scores

Figure | summarizes results for Demonstration 1 and helps
answer the previously stated study questions. The difference
between the mean overall benefit/harm scores for Drug
Groups1 (2.97) and 2 (2.48) did not approach statistical signifi-
cance, £(6) = —0.46. This univariate test was based on the results
of assessments repeated on from six to eight occastons (because
of missing data) of seven differentially weighted dependent vari-
ables for-each of 8 patients. This demonstrates how overall ben-
efit/harm can be scored over time {two or more occasions) and
across any number of dependent variables for each patient in a
sample and how the resulting scores can be used to make infer-
ences about benefit/harm in the population.

The mean of the overall benefit/harm scores was signifi-
cantly greater than 0 for both drug groups: Group 1, #(3) = 4.39,
p = .0220; Group 2, 1(3) = 5.96, p = .0094. In other words, the
data provide evidence that the longitudinal association be-
tween drug dose and health status in the population was not
random for either drug. Such nonrandom associations can be
attributed to drug effect when study designs effectively isolate
the effects of drug from the effects of other variables. These
one-sample { tests demonstrate how the results of several ran-
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Table 3
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Demonstration 1: Procedure for Computing BenefitiHarm Scores for the

BPRS Score Data, Patient 2

Dichotomous series and cell assignments 2 x 2 table Benefit/hatm score array

Drug 1 1 0 0 0 0 1 1

~ BPRS =37 1 06 1 1 1 1 1 1 314 1.00
Cell assignment a ¢ b b b b a a 110
Drug : 1 1 6 0 0 0 1 1
BPRS = 40 1 ¢ 1.1 ¢+ 1 0 O 1]4 2.55
Cell assignment a ¢ b b b b ¢ ¢ 0
Drug 1 1.0 0 0 0 1 1
BPRS =43 0 0 1 1 1 1 0 0 04 4.18
Cell assignment c ¢ b b b b ¢ ¢ 410 '
Drug 1 1.0 0 0 0 1 1
BPRS = 48 0 0 o 1 1 1 0 O 013 2.55
Cell assignment ¢c ¢ d b b b ¢ ¢ 411
Drug 1 1 0 0 0 0 1 1
BPRS = 49 o0 ¢ 1t 0 1 0 ¢ 02 1.53
Cell assignment ¢ ¢ d b d b ¢ ¢ 412
Drug 1 1.0 0 0 0 1 1
BPRS = 54 ¢ 0 01 0 0 O O 0]1 1.00
Cell assignment c ¢ d b d d ¢ ¢ 43

Note. BPRS = Brief Psychiatric Rating Scale.

domized, placebo-controlled, N-of-1 clinical trials—one for
each patient in a sample—can be used to make inferences
about the population.

Figure 1 includes the mean benefit/harm profiles for both
drug groups. The bar corresponding to each dependent vari-
able for Group | is the mean of four unweighted summary ben-
efit/harm scores—one for each patient in Table 1. Profiles for
the two groups appear to differ. Independent sample 7 test re-
sults, shown in Figure 1, suggest that there may be more EPS
and drooling with haloperidol and more dry mouth with thio-
ridazine,

Demonstration 2

We have demonstrated. how benefit/harm can be scored
when drug is considered to be either present (1) or absent (pla-
cebo, 0) on each occasion. However, individual patients often
receive more than two doses when the amount of drug needs to
be optimized or increased and decreased gradually. In addition,
clinicians may change doses or discontinue a drug to help deter-
mine if, for example, an adverse state is being caused by drug.
Demonstration 2 extends benefit/harm scoring to situations
that involve more than two doses per patient. Benefit/harm

REET  wean SN TSR ERIIOAIEEN ol

L Lo P,

BPRS 4 508 (40 692 0062 o2

oal 4 53 013 692 .00682 -084

EPS 2 -0.50 -5.02 0092 300 0239

TRALS B 2 09 -0.02 0.62

SEDATION 2 137 020 -1.1%

DRY MOUTH 1 ~2.08 128 ~2.36 -0080

DROOLING 1 -1.00 453 0034 370 0100

OVERALL BENEFTT 439 0220 696 0004 048

2 4 0 1 2 3
BENEFIT / HARM

2 41 6 1 2 3
BENEPIT / HARM

Figure 1. Demonstration 1: Average benefit/harm profiles for the two drug groups, weights used for
computing overall benefit/harm, and results of the one- and two-sample ¢ tests. (BPRS = Brief Psychiatric
Rating Scale; CGI = Clinical Global Impression; EPS = extrapyramidal symptoms; Trails B = Trailmak-

ing Test-Part B,
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will be evaluated as a function of dose in a manner that permits
different doses to be considered as different levels of a single
treatment rather than as different treatments,

Responses to changes in dose are seldom immediate. For
example, the antidepressant effects of tricyclic drugs may be
delayed for 2 or moore weeks. Demonstration 2 also presentisone
procedure for evaluating delay of apparent response to therapy.
Limiting factors in the resolution of temporal analyses are the
length and the regularity of the assessment intervals. | '

The hypothetical data for Demonstration 2 are included in
Table 4 and consist of dimensional series for dose and two
dependent variables for one patient. The dependent variables,
assessed on 15 equally spaced occasions, are the Hamilton Rat-
ing Scale for Depression (HRSD; Hamilton, 1960) and a 4-
point rating scale for assessing a side effect such as dry mouth.
Higher values on both scales indicate that the patient was in
worse condition. Assume that actual dose was masked by pla-
cebo dosage forms and that ratings were made double-blind.

Table 4
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The observation that a patient did better or worse on therapy
may not mean thai the apparent effect is due to therapy—espe-
cially when the dose pattern was not oblained by randomiza-
tion.

Scoring Benefit/Harm When There Are More Than Two
Doses

The procedure for scoring benefit/harm for a pair of dimen-
sional variables will be demonstrated with the deose and dry
mouth series from Table 4. Both dimensional series were trans-
formed into sets of dichotomous series as done for BPRS scores
in Demonstration 1. Table 4 includes this transformation for
Demonstration 2.

Each dichotomous dose sertes was cross-classified with each
dichotomous dry mouth series to yield a two-dimensional
array of observed 2 X 2 tables. The 2 X 2 tables have differem
marginal frequencies. The value of B was computed for each

Demonstration 2: Raw Data (Dimensional Series) and Transformed Data (Dichotomous Series)
Resulting From 15 Equally Spaced Assessments of Dose and Two

Dependent Variables for One Patient

Assessment occasion

Variable -
levels 1 2 3 4 5 6 7 8 9 0 1 12 13 14 15
Dimensional dose series
0 0 50 75 100 125 125 125 f25 100 75 50 O O O
o
Set of four dichotomous dose serics
=50 ¢ 0 1 1 | 1 1 | 1 1 i 3 0 0 0
=75 0 0 0 I 1 1 1 1 1 1 1 0 0 0 0
=100 ¢ 0 0 0 1 1 1 1 1 1 0 0 0 0 0
=125 0 0 ¢ 0 0 1 1 1 i 0 0 o 0 o 0
Dimensionat HRSD score series
25 23 25 20 21 20 14 g 10 6 10 16 23 18 23
Set of nine dichotomous HRSD score series
=8 1 1 1 1 i 1 1 1 1 0 1 1 i 1 1
=10 1 1 1 1 1 | 1 0 1 0 1 1 1 1 1
=14 1 1 i 1 1 1 1 0 0 0 0 1 1 1 1
=16 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1
=18 1 1 1 1 1 1 0 0 0 0 o 0 1 1 1
220 1 1 1 1 | 1 0 0 0 0 o 0 1 0 1
=21 1 1 1 0 1 0 0 0 9 0 0 0 i 0 1
=23 1 | 1 0 0 0 0 0 0 0 H 0 1 0 1
=25 1 0 1 0 0 0 0 0 1] 0 0 ¢ 0 ¢ 0
Dimensional series for ratings of dry mouth
0 0 1 3 2 3 2 | 2 3 2 1 2 0 2
Set of three dichotomous series for ratings of dry mouth

=1 0 0 1 1 1 1 1 1 1 1 1 1 1 0 1
=2 0 0 0 i i 1 1 0 1 1 1 0 1 0 1
=3 0 o0 o0 i 0 1 i) 0 0 1 0 0 o 0 0

Notez.  HRSD = Hamilton Rating Scale for Depression.
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2 X 2 table to yield the following array of benefit/harm scores,
which is summarized by the extreme value —4.334.

Dose
Dry mouth level =50 =75 =100 =125
=1 —4.334 -2496 -1515 —0.839
=2 ~0.687 2994 1271 —0.303
=3 ~-1.144 —-1946 —0.603 -0.002

Evaluating Benefit/Harm as a Function of Delay of
Apparent Response

Delay of apparent response is an indicator of how long it
takes for the benefit/harm of therapy to become evident after
an increase in dose. The procedure for evaluating benefit/harm
as a function of delay of response to therapy is shown in Table 5
using the dichotomous series for dose = 125 and HRSD =14
from Table 4. Delay was evaluated by shifting the health state
series for HRSD score to the left relative to the dichotomous
dose series in increments of 0, 1, 2, 3, and 4 assessment inter-
vals. This particular procedure does not distinguish delay of
response after increases in dose from persistence of response
after decreases in dose. Each occasion with paired dose and

Table 5

HRSD score values was assigned to the appropriate cell of the
corresponding 2 X 2 table. The value of B was computed for
each observed 2 X 2 table. The most extreme benefit score
(7.31) in Table 5 was obtained with a delay of two assessment
intervals. This procedure for evaluating delay of response was
repeated for each combination of a dichotomous dose series
with a dichotomous dependent variable series from Table 4.

Scoring Benefit/Harm as a Function of Both Dose and
Delay of Response

The procedures for evaluating benefit/harm as a function of
dose and delay of response were applied concurrently to yield a
three-dimensional array of standardized benefit/harm scores
for both dependent variables. The dimensions correspond to
dose, dependent variable level, and delay of apparent response.

Figure 2 shows benefit/harm with respect to HRSD score as
a joint function of dose and delay of response for Table 4 data.
Each bar in Figure 2 is the summary benefit score across nine
levels of HRSD score. The summary benefit score across all
three dimensions is 7.31 and occurred when dose = 125, delay
of response = 2, and HRSD =14,

The top part of Figure 3 shows benefit/harm as a function of

Demonstration 2: BenefittHarm Scoring Procedure for Evaluating Delay

‘of Apparent Response to Therapy

Dichotomous series and cell assignments 2 x 2 table Benefit/harm score
-
Delay of response = 0
Dose = 125 000001111000000
HRSD = 14 1111111000011 11 219 0.31
bbbbbaaccddbbbb 2 (2
Delay of response = 1
0 001111000000
I11111100001111 119 3.32
b acccdbbbb 311
Delay of response = 2
0001111000000
111111100001 111 0¢% 731
cccecbbbb 410
Delay of response = 3
00001111000000
1111111000601 111 117 2.59
bbbdcccabbhb 311
Delay of response = 4
00600011110006000
111111100001 111 2|5 0.26
bbbddccaabb 212
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Figure 2. Demonstration 2: Benefit with respect to HRSD score as a function of dose and delay of
response. (HRSD = Hamilton Rating Scale for Depression)

dose for both HRSD score and ratings of dry mouth. Levels of
the integrated dose scale are labeled in the same way as the
dichotomous dose series are labeled in Table 4. Each point on a

| = wrap
~&~ DRY MOUTH

-—TiMZMm

128

- =MZME
-]

l —#-HRSD ~E-DRY MOUTH |

1 2 3 4
DELAY OF RESPONSE

{ABSESOMENT INTERWALE

Figure 3. Demonstration 2; Benefit/harm as a function of dose (top)
and delay of apparent response (bottom) for HRSD score and ratings of
dry mouth. (HRSD = Hamilton Rating Scale for Depression))

curve is the summary benefit/harm score {extreme value)
across levels of the dependent variable and delay of response
values 0 through 4. The dose-benefit curve for HRSD score is
the silhouette of Figure 2 viewed across delay of response. This
curve shows that the highest doses yielded the most extreme
benefit scores. The lowest nonzero dose (=50) vielded the most
extreme harm score with respect to ratings of dry mouth, a
nonmonotonic relationship, Notice that each point in Figure 3
is based on data from most of the 15 repeated assessments. Any
number of dose-benefit/harm curves for different dependent
variables could be differentially weighted and averaged. The
most extreme positive value on the overall dose-benefit/harm
curve possibly could be used to help identify the minimum
dose that provided the most benefit.

The bottom part of Figure 3 shows benefit/harm as a func-
tion of delay of apparent response for both HRSD score and
ratings of dry mouth. Each point on both curves is the sum-
mary benefit/harm score across dose and levels of the depen-
dent variable. Evidence for benefit with respect to HRSD score
was greatest after two assessment intervals. Delay of response
with respect to ratings of dry mouth appeared to be no more
than the length of one assessment interval.

Demonstration 2 provided a detailed, quantitative descrip-
tion of benefit/harm for one patient as evaluated with particu-
lar benefit/harm scoring options. The same type of description
could be obtained from each patient in a sample using a ran-
domized, parallel-groups design. Such descriptions could be
analyzed statistically to test a hypothesis about treatment effect
in the population. Similarly, the average dose-benéfit/harm
curve across dependent variables for each patient in a sample
could, in turn, be averaged to help make dose recommenda-
tions for the patient population.

Benefit/Harm Scoring Options

This article has demonstrated only a few available benefit/
harm scoring options. There are, for example, many ways to
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transform a dimensional series into a set of dichotomous series.
The general guideline for developing optional transformations
is 10 state explicit rules for determining whether treatment
states, defined in terms of dose, and whether health states, de-
fined in terms of dependent variables, are considered to be
either present (1) or absent (0) on the occasion of each assess-
ment. Each variable in the criteria used to define the presence
of either treatment or health states would correspond to a di-
mension of the resulting benefit/harm score arrays. Demonstra-
tion 2 yielded a three-dimensional array-—dose, delay of appar-
ent response, and dependent variable level—for both depen-
dent variables. Additional dimensions could be used, for
example, to define episodes of treatment or health states. An-
other option would be to form sets of dichotomous series from
the residuals of a regression line that relates a dependent vari-
able to assessment number or time. This could be used to help
distinguish treatment effects from longer term changes due to
practice, fatigue, spontaneous recovery, or progression of dis-
ease, Still another option, which could be used when change in
level of the independent variable is more important than abso-
lute level, would be to form dichotomous series from differ-
ences between successive values. Investigators should select or
develop options to meet the needs of their studies, All scoring
procedures and options should be specified in research proto-
cols. The objective would be to use options that yield the most
extreme benefit/harm scores and maximize predictive power.

Benefit/harm scoring also can be applied to study associa-
tions between recurrent events rather than states. Events could
be defined in terms of transitions from 0 to 1 or from1t0 0 in
dichotomous treatment and health state series. Thus, for exam-
ple, health events could be related to events such as the initia-
tion or termination of specific treatment states.

Discussion

Benefit/Harm Scores Versus Some Other Measures
of Association

Benefit/harm scores can be contrasted with measures of asso-
ciation that generally function as estimates of population pa-
rameters. Phi and correlation coefficients usually are obtained
from cross-sectional data, and their magnitudes describe the
strength of associations between variables across subjects. In
conirast, benefit/harm scores are obtained from repeated mea-
sures data, and their magnitudes describe the strength of evi-
dence for longitudinal associations between treatment and
health states across occasions for individual subjects. The max-
imum magnitude of phi and correlation coefficients is 1. This
value can be obtained with two subjects. In contrast, the magni-
tude of a benefit/harm score can increase without limit as the
number of decasions, which can contribute to the sirength of
evidence for an association, increases. Unlike chi-squared, ben-
efit/harm scores can have positive and negative values. Each
benefit/harm score is one score from a distribution of potential
scores that has a mean of 0 and a standard deviation of 1.

Measures of strength of association, which could be useful
for studying the relationship between clinical and statistical
significance, can be computed from benefit/harm scores. One
measure, derived from the distribution of potential scores for
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an observed 2 X 2 table, consists of the ratio of B over the
maximum value of B in the same positive or negative direction.
A similar but more stringent measure can be obtained by forc-
ing zeros into one or the other diagonal of the 2 X 2 table and
changing the marginal frequencies for the dependent variable
as may be necessary, Thusifg=2,b=35,¢=6,and d=1, the
value of the first measure would be 2.56/5.77 = 0.44, and the
value of the second would be 2.56/7.71 = 0.33.

Reliable Within-Patient Indicators of Treatment Effect

Several one-group ¢ tests in Demonstration 1 yielded statisti-
cally significant results with only 4 subjects. This suggests that
benefit/harm scoring uses information from assessments re-
peated on more occasions to help make within-patient indica-
tors of treatment effect more reliable and thus improve statisti-
cal power. This contrasts with the conventional strategy in
which the primary hypothesis ofien is tested with assessments
obtained at only one or two occasions (at endpoint, before and
after treatment, or at the ends of iwo periods in a crossover
design). The ability of benefit/harm scoring to improve statisti-
cal power through the use of information from more occasions
has been supported by a simulation (unpublished} in which
values of f from ¢ tests for a given N were studied as functions of
the size of a treatment effect signal, noise level (based on ran-
dom normal deviates), and ». Improvements in statistical
power, achieved without increasing N, can increase the cost-ef-
fectiveness of many clinical trials.

The reproducibility of benefit/harm scores, given the raw
data, is not & problem because the scores are obtained by com-
putation. This contrasts with subjective ratings of response to
therapy that often are used as dependent variables in clinical
trials.

The issue of “How many occasions?” that arises when there is
need for reliable within-patient indicators of treatment effect is
important for many of the same reasons that “How many sub-
jects?” is important in population-based clinical trials that in-
volve soft data (cf. Kraemer & Thiemann, 1987, 1989). The
number of occasions becomes crucial when there is unavoid-
able unreliability in measuring dependent variables, when
there are unavoidable fluctuations in dependent variable levels
as a result of biological thythms and homeostatic processes,
and when dependent variables can be affected by uncontrolia-
ble extraneous variables,

Benefit/harm scoring is an alternative to the standard proce-
dure of using the mean of several repeated assessmenis, ob-
tained under the same treatment condition, to improve reliabil-
ity (Fleiss, 1986). Compared with this standard, benefit/harm
scoring allows use of the techniques described below to help
make within-patient indicators valid, comprehensive, and de-
tailed.

Valid Within-Patient Indicators of Treatment Effect
Valid within-patient indicators of treatment effect can make

population-based trials more clinically useful for participants
and facilitate the development of patient classifications that
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predict response to therapy. Development of these classifica-
tions would be valuable for identifying more homogeneous
groups of drug responders, particularly during early phases of
clinical drug evaluations.

This section contrasts two strategies for conducting random-
ized clinical trials designed for making valid inferences about
the effects of treatments on populations, Assume we are com-
paring one drug with placebo in terms of effects on a dimen-
sional dependent variable that can fluctuate in level over time.
In brief, the conventional strategy generally does not provide
valid within-patient indicators of treatment effect and there-
fore requires group comparisons to isolate the effects of treat-
ment, The alternative strategy can provide valid within-patient
indicators of treatment effect so that group comparisons are
optional.

To elaborate, the conventional strategy generally is imple-
mented with endpoint, pre-post, and two-period crossover de-
signs. Patients studied with an endpoint design are randomized
to parallel groups that receive either drug or placebo but not
both. Endpoint designs do not provide any data that can be
used to compute values of a within-patient indicator of treat-
ment effect. Hypotheses are tested by comparing groups.

Pre—post designs evaluate change from one time (pretreat-
ment) to a later time (posttreatment). The conceptualization
and measurement of change has engendered an extensive litera-
ture (cf. Francis, Fletcher, Stuebing, Davidson, & Thompson,
1991). However, there are several common conditions under
which change, regardless of how it is measured, provides weak
or misleading evidence about the effecis of treatment on indi-
vidual subjects. Unlike benefit/harm scores from randomized
N-of-1 clinical trials, measures of change do not distinguish
response to active treatment from placebo response. In addi-
tion, measures of change may not provide valid within-patient
indicators of treatment effect when the levels of dependent vari-
ables are affected by time-dependent processes such as disease
progression, spontaneous recovery, practice, or fatigue. For
such reasons, investigators who use pre-post designs test hy-
potheses by comparing groups rather than using single-group
tests of no change.

Unlike measures of change from most pre-post designs, a
difference score from a two-period crossover design does con-
trast the level of the dependent variable while a patient was on
drug with the level on placebo. As such, difference scores have
an advantage over change scores as within-patient indicators of
treatment effect. However, difference scores can be invalidated
by the same time-dependent processes that can invalidate mea-
sures of change. Because of these processes, two-period cross-
over designs are recommended only for stable disorders, and
group comparisons are used in an attempt to rule out order of
treatment effects before evaluating treatment effects.

The alternative strategy, illustrated by Demonstration 1,
makes group comparisons optional because N-of-1 trials can
provide valid within-patient indicators of treatment effect. Of
course, results from individual N-of-1 trials may not be valid
for other patients, and the results of a population-based trial,
regardless of study strategy, may not be valid for an individual.
Nevertheless, it is valuable to use sample data for making infer-
ences about populations. Benefit/harm scoring is an important
part of the alternative strategy because it can quantify and de-

scribe evidence from a coordinated set of N-of-1 trials for a
sample of patients in order to make inferences about the popula- .
tion. [n addition, although not illustrated by the demonstra-
tions, previously described scoring options can be used to help
separate treatment effects from long-term changes that result
from spontaneous recovery, disease progression, practice, and
fatigue. Procedures such as those illustrated in Demonstration
2 can be used to study delay and persistence of response. Such
options and procedures can help make the alternative strategy
feasible when disorders are not stable, when treatment effects
are not rapid, and when carryover effects are possible.

Benefit/harm scoring offers a highly flexible system for ob-
taining within-patient indicators of treatment effect. Much of
this flexibility is achieved by using dose information to com-
pute benefit/harm scores rather than as a factor to define
groups for statistical analyses. The scores can be computed for
any pattern of variable dose. Dose patterns resulting from
within-patient randomization, which helps assure the validity
of each score, would not have to be restricted to the ordering of
doses within pairs of periods as shown in Table 1. Every patient
could be randomized to a different dose pattern. Benefit/harm
scoring makes it more practical to analyze studies with multiple
crossovers (Demonstration 1) and multiple doses (Demonstra-
tion 2). The flexibility of benefit/harm scoring also would facil-
itate nonexperimental studies of how signs, symptoms, and be-
haviors may be associated over time with actual dose or with
levels of drugs or endogenous substances in body fluids. Bene-
fit/harm, resulting from routine clinical care, could be moni-
tored and used to generate hypotheses for experimental test.

The history of psychology includes notable efforts to develop
and successfully apply methods for the experimental study of
individuals (Chassan, 1979; Kazdin, 1982). In contrast, experi-
mental medicine has focused almost exclusively on population-
based trials. The proposed alternative strategy—consisting of
the combined use of N-of-1 trials, benefit/harm scoring, and
standard statistical tests—would appear to help bridge the gap
between clinical and statistical prediction (Meehl, 1954) and to
help promote “a unity of clinical and research demsmn-makmg
principles” (Kraemer et al., 1987, p. 1104).

Comprehensive Treatment Evaluations

Comprehensive treatment evaluations would address multi-
ple dependent variables in one study. This is important because
drugs generally affect many potential dependent variables, and
many disorders are characterized by syndromes of signs and
symptoms. Evaluations conducted with dependent variables
that represent more of the clinicaily significant effects of treat-
ment and more components of syndromes would be more in-
formative guides to patient care.

It is important for clinical trials, regardless of strategy, to
evaluate a primary hypothesis with one statistical test (Fried-
man, Furberg, & DeMets, 1985). The conventional strategy,
which tests statistics computed from dependent variables
alone, makes it difficult to obtain comprehensive treatment
evaluations. For example, trials that focus on dependent vari-
ables that measure relatively discrete concepts such as de-
pressed mood or systolic blood pressure tend to provide an
inadequate basis for treatment decisions. Most often, many de-
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pendent variables are used to evaluate safety and efficacy even
though this usually entails multiple statistical tests with results
that are weighted and combined subjectively.

The conventional use of composite dependent variables such
as the Alzheimer’s Disease Assessment Scale (Rosen, Mohs, &
Davis, 1984) provides evaluations that are more comprehensive
at the expense of making it difficult to profile apparent treat-
ment effects across scale items and to study the way individuals
vary in response. In contrast, Demonstration 1 used seven de-
pendent variables te show how benefit/harm can be profiled
across dependent variables or scale iteras for both individuals
and groups. In addition, Demonstration 1 showed how benefit/
harm can be evaluated across many dependent variables with
one statistical test. Benefit/harm scoring can help make treat-
ment evaluations more comprehensive because it is a common
metric for evaluating evidence for treatment effect with respect
to different dependent variables.

Detailed Treatment Evaluations

Demonstration 2 showed how the alternative strategy can
provide detailed treatment evaluations. Figure 2, for example,
shows how benefit/harm with respect to each dependent vari-
able for an individual patient can be described by an array of
benefit/harm scores. Dimensions of the detailed array summa-
rized by Figure 2 correspond to levels of two independent vari-
ables, dose and delay of apparent response to therapy, as well as
levels of the dependent variable, HRSD score. The set of arrays,
consisting of one array for each combination of a dependent
variable with a patient, can provide a very detailed quantitative
description of the benefit/harm observed in a study.

Conclusion

Benefit/harm scoring, in combination with randomized N-
of-1 clinical trials and standard statistical tests, has the poten-
tial to improve the way we evaluate and use drugs that affect

" behavior and quality of life. This article has addressed a broad
constellation of methodological problems. Additional theoreti-
cal and empirical research is required to refine the alternative
strategy and to help identify when and how it can be used to
maximal advantage. Benefit/harm scoring can be applied to
many research applications, in addition to clinical drug trials,

that could be addressed more adequately with multivariate lon-
gitudinal data.
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Appendix A

Expected Value of Benefit/Harm Scores

The first line of evidence that E(B) = 0 when there is random within-
patient association between treatment and health status is based on
examination of the 133 different 2 X 2 tables that are possible whenn =
8 (as in Demonstration 1) and none of the marginal frequencies equals
0, (If any marginal frequency of a 2 X 2 table equals zero, the table
cannot provide any evidence for benefit/harm, and the benefit/harm
score is zero) Values of B, and B were computed for each of the 133
tables. As expected, each positive score was offset by a negative score
with the same magnitude and the same probability of occurring by
chance so that the means for ali 133 values of B,,,, and all 133 values of
B were both 0.

The 133 different 2 % 2 tables for n = 8 constitute 49 distributions of
potential scores—one discrete probability distribution for each combi-
nation of values from 1 through 7 for 2 + ¢ with values from 1 through 7
for a + b Seven distributions, which include 23 different 2 X 2 tables,
are possible when a+ ¢ = b + d = 4 in accord with the study design for
Demonstration 1. Table Al shows these seven distributions with their
means and standard deviations. Distributions of potential scores are
symmetric when @ + ¢ = b+ d, as shown in Table A, or whena+ b=

Table A1

¢+ d. Symmetric distributions of potential benefit/harm scores, both
raw and standardized, have a mean of 0,

- The standard deviations of the distributions of potential B,,,, values
shown in Table Al range from 1,143 to 1.912, Standardization adjusts
the distributions of B,,, so that all the distributions of B have a stan-
dard deviation of 1.

Treatment states may be present on different proportions of occa-

" sioms, (@ + O)/n, because of experimental design, missing data, or as a

resilt of observation under natural conditions, Whatever this propor-
tion for a given value of n, each positive benefit/harm score would be
offset by a negative score with the same magnitude and probability of
occurrence when all possible 2 X 2 tables are scored and when there is
no longitudinal association between treatment and health status.

We also conducted two Monte Carlo simuiations to confirm that the
E(B), both for all scores in the arrays and the scores that summarize the
arrays, is 0 when there is random longitudinal association between
treatment and health status for each individual in a population. These
simulations used n = 8 and »n = 40, respectively. Both simulations had
130 subjects. For both simulations, treatment was either present or

All Distributions of Raw and Standardized Benefit! Harm Scores Possible When
a + ¢ =b+d=4With Means and Standard Deviations

Jor Each Distribution
Distribution
a statistics
Marginal frequencies  Quantity 0 1 2 3 4 M o
a|lb]|1 B = 1,143 -1.143 0 1.143
ctd|7 B= 1000 -1.000 0  1.000
4 4 p= 500 500
2 B.= 2667 0000 -2.667 0 1.746
6 B= 1.528 0000 -1.528 1] 1.000
4 4 = 214 571 214
3 Bs = 4800 0533 =533 -4.800 0 1.880
5 B= 2553 0.284 -0.284 -2.553 0 1.000
4 4 p= 071 429 429 071
4 B = 8.000 2000 0000 -2.000 8000 O 1.912
4 B= 4.183 1.046 0000 -1046 -4.183 0 1.000
4 4 p= 014 229 514 229 014
5 B..= 4.800 0533 ~0.533 4800 0  1.880
3 B= 2.553 0.284 -0.284  -2.553 0 1.000
4 4 p= 071 429 429 071
6 B = 2.667 0000  -2.667 ] 1.746
2 B= 1.528 0.000 -1.528 0 1.000
4 4 p= 214 571 214
7 B, = 1.143 -1,143 0 1.143
1 B= 1.000  -1.000 0 1.000
4 4 p= 500 500
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Table A2
Results of Two Monte Carlo Simulations With 130 Subjects Each
All scores in the 130 benefit/
harm score arrays
Summary benefit/
B B harm scores
“Variable n=28 n=40 n=4§ n=40 n=2§8 n=40
Number of benefit/harm scores 616 1,146 616 1,146 130 130
Number of distinct values 12 110 12 107 12 64
Mean -0.09 -0.05 -0.04 -0.03 -0.13 0.07
Standard deviation 1.62 1.44 0.98 0.85 1.54 1.77
Skewness -0.15 —0.06 -0.08 -0.03 0.02 —0.03
Kurtosis 2.51 4.14 0.76 3.82 -0.89 —0.76
Minimum observed —8.00 -7.03 —-4.18 —4.01 -4.18 —4.01
Minimum possible —-8.00 ~40.00 —4.18 =-22.10 —4.18 -22.70
Maximum observed 4.80 7.62 2.55 435 2.55 4,35
Maximum possible 8.00 40.00 4,18 22.70 4.18 22.70

absent on the occasion of each assessment, and treatment was present
on 50% of the occasions. Response variable data consisted of consecu-~
tive single digits from a random number table. Benefit/harm scores
were computed and summarized as shown in Demonstration 1. All
benefit/harm scores were rounded to the third decimal place.
Results of the two Monte Carlo simulations are shown in Table A2.
Zero falls within the 80% confidence interval about the mean of the

130 summary benefit/harm scores for both simulations, Furthermore,
the mean of the summary benefit/harm scores was computed after
addition of the score for each of the 130 consecutive subjects. The sign
of these “running means” changed [ 1 times when » = 8 and 10 times
when n = 40, Both types of evaluation indicate that the expected value
of summary benefit/harm scores for the population is 0 when the lon-
gitudinal association for each subject is random.

Appendix B

Comparability

Although each value of B is one score from a distribution of poten-
tial scores that has a mean of 0 and a standard deviation of 1, distribu-
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Figure Bl. Cumulative probabilities for distributions of potential
benefit/harm scores when all marginal frequencies are equal and when
n equals either 8 or 40,

CUMULATIVE PROBABILITY

tions of potential scores can vary in shape. Benefit/harm scores with
the same values may not indicate the same strength of evidence for
treatment effect when the distributions of potential scores differ sub-
stantially in shape. These differences in shape effect comparability.
This section addresses two factors that affect the way distributions of
potential benefit/harm scores are shaped. These factors are n and the
proportion of occasions on which treatment is present, (@ + ¢)/n.

Figure Bl compares cumulative probabilities as a function of B for
the distributions of potential scores that are theoretically possible
when all marginal frequencies of the 2 X 2 tables are equal and when n
equals either 8 or 40. The distribution for n = 40 has much longer and
narrower tails, Note, however, the similarity of the observed distribu-
tions of summary benefit/harm scores that resulted from the Monte
Carlo simulations with 7 = 8 and # = 40 as indicated by the descriptive
statistics in Table A2.

With regard to the proportion of ¢ccasions on which treatment is
present, distributions of potential benefit/harm scores are symmetric
when (z + c)/n = .5 regardless of the proportion of occasions on which
health states or events are present, (@ + b)/n. This is illustrated in Table
Al. However, distributions of potential scores are skewed if neither the
column nor the row marginal frequencies are equal. The following isa
highly skewed distribution of potential scores that can be obtained
whenn=38.

a=0 " a=1 M o
alb|1 B,,= 0163 -8000 -0.857 2700
c|ld|7 B= 0378 -2.646 0 1
1 7 8 p= 875 125
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Figure B2. Benefit as a function of ¢ for various values of # under the conditions shown.

Within limits, different values of (@ + ¢)/# can yield benefit/harm
scores with similar magnitudes as shown in Figure B2. The comparabil-
ity of benefit/harm scores from different 2 X 2 tables can be main-
tained with a rule of thumb based on Figure B2: Select study design
and scoring options for which (g + ¢)/n is in the range of approximately
.2n through .8»n. For example, a stugdy with n = 10 should have a mini-
mum of two occasions on the lowest dose and two occasions on the

highest dose. Acceptable values of (g + ¢)/n can yield benefit/harm
scores with magnitudes that are on the relatively flat portion of the
curves in Figure B2.
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