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The crossover design has enjoyed popularity with many clin-
ical researchers, but has been criticized by biostatisticians.
The central problem is the inability to derive an unbiased
estimate of the treatment effect when differences occur be-
cause of the different sequences in which treatments are ap-
plied. This problem can be traced to a deficiency of the logic
of the crossover arrangement itself. Factors that can invali-
date the findings of a crossover trial include nonuniform
pharmacologic and psychologic carry-over effects, failure to
return patients to their baseline state before the crossover,
nonuniform changes in the patients over time, and the use of
time-dependent response measures. When these problems
can be anticipated, a parallel-groups design should be used
instead of a crossover trial. '
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When a researcher wishes to test the relative benefits
of two medical treatments there are two methods of
comparison. The parallel-groups (between-subjects)
design randomly assigns different persons to either of
two treatments. The treatment effect is calculated by
comparing the two group means. The within-subjects
design observes the same persons under both treat-
ments. The treatment effect is calculated by comparing
subjects with themselves.

The two-period crossover trial is one of the most
popular versions of the within-subjects design. In re-
cent years, however, the crossover design has come
under critcism. The Food and Drug Administration’s
Biometric and Epidemiology Methodological Adviso-
ry Committee (BEMAC) has been especially critical
of this design. Their report (1) on the crossover de-
sign states, “ . . . the two-period crossover design is not
the design of choice in clinical trials where unequivo-
cal evidence of treatment effects is required.” This
conclusion has been supported in more recent techni-
cal articles (2, 3).

Because the controversies surrounding the crossover
design are essentially statistical, discussion of these
controversies is usually presented in mathematical
terms. We will show the problems of crossover designs
in a manner that is more meaningful to the clinical
investigator by appealing to the logic of the design

itself. Complete statistical treatment of crossover de-
signs can be found elsewhere (3-8).

The Basic Design

In a two-period crossover design, patients are treated
for two periods, using a different treatment in each
period. To avoid confusing the effects of treatments
with systematic trends that may occur through time,
the treatments are counterbalanced. Counterbalancing
is the process in which patients are randomly allocated
to the two possible treatment orders, or sequences. If
the patient’s condition changes with the passage of
time independently of the treatments received, coun-
terbalancing will help neutralize this effect when all
patients are analyzed collectively. The basic crossover
arrangement is shown in Figure 1. Patients assigned to
group 1 receive treatment A in period 1 and treatment
B in period 2. Patients in group 2 receive the treat-
ments in reverse order.

Figure 2 shows the data layout for the crossover
design. For simplicity, the elements in the cells can be.
thought of as the response measured in two patients.
By showing the design with only two patients, it is
possible to develop an intuitive appreciation of the ef-
fects that are calculated in a crossover design without
concern for estimates of statistical variance.

The Treatment Effect

As shown in Figure 2, treatment A and treatment B
are observed at both time periods (Al and A2; Bl and
B2, respectively). The treatment effect is simply the
difference between the overall responses to treatment
A and treatment B, calculated by comparing (A1l +
A2) with (B1 + B2). Suppose the response measures
are self-reported pain relief, then (A1l 4+ A2) might be
the total relief seen after treatment with an investiga-
tional drug regardless of whether it was applied first or
second. Similarly (B1 + B2) might be the total relief
seen with morphine, again ignoring the order in which
the morphine was applied.

The Period (Time) Effect

Because each patient is observed twice, it is important
to determine whether a change has occurred between
the first and second period of observation. The period
(time) effect is the difference between the responses
seen in period 1 and the responses seen in period 2,
and is calculated by comparing (Al + B2) with (B1
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+ A2). Referring again to the pain relief example, the
- period effect would be the total relief in the first peri-
od, contrasted with the total relief in the second peri-
od, regardless of the specific drug received in either
period. Anything that might cause a patient’s condi-
tion to deteriorate or improve with the passage of time
can produce a period effect.

The Sequence Effect

A sequence effect occurs whenever the order in which
treatments are given produces a difference that cannot
be explained by the specific action of the individual
treatments. This effect, because of the order of treat-
ments, is the difference between the column totals, Se-
quence 1 compared with Sequence 2, and is calculated
by comparing (Al + B1l) with (B2 4+ A2). In the
pain, relief example, the sequence effect would be the
total relief experienced when the investigational drug
is applied first followed by morphine, contrasted with
the total relief experienced when morphine is applied
first followed by the investigational drug. When the
ordering of treatments causes a difference in the
overall responses of patients, it is difficult or even im-
possible to separate the specific contributions of each
treatment. For this reason it is wise to avoid using a
crossover design if it is likely that a sequence effect
may occur.

' Advantages of the Crossover Design

The principal advantage of the two-period crossover
design is efficiency. From a practical point of view, an
investigator can obtain an equal number of response
measures using only half the patients needed in a
parallel-groups design. Because patient recruitment is
often a problem in clinical research, the advantage of
using consenting patients for more than one measure
is considerable. The crossover trial might permit ade-
quate enrollment of patients at a single center rather
than requiring a multicenter trial.

The crossover design can also provide statistical effi-
ciency. Different patients may respond with wide vari-
ation to treatments, whereas variation within the same
patient may be considerably less. When thisis the

Patient Sample

'

Randomization

Sequence 1 Sequence 2

(Group 1) (Group 2)
Period 1 Treatment A Treatment B
Crossover ¥ ¥
Period 2 Treatment B Treatment A

Figure 1. The basic two-period crossover design. Patients assigned to
group 1 receive treatment A in period 1 and treatment B in period 2.
Patients in group 2 receive the treatments in reverse order.

Sequence 1 Sequence 2
(Group 1) (Group 2) Totals
Period 1 A1 B2 A1+B2
Period 2 B1 A2 B1+A2
Totals A1+B1 B2+A2

Treatment Effect= (A1+ A2) vs (B1+B2)
Period (Time) Effect= (A1+B2) vs (B1+A2)
Sequence (Order) Effect= (A1+ B1) vs (B2 +A2)

Figure 2. Crossover effects estimates. Calculation of treatment, period,
and sequence effects in a crossover design.

case, the within-subjects comparison provided by the
crossover design produces a more precise estimate of
the treatment difference. In general, the statistical pre-
cision of the crossover design increases in proportion
to the magnitude of the statistical correlation between
period 1 and period 2 observations (2).

Deficiencies of the Crossover Design

The advantages of the crossover design are well
known. Its deficiencies are more subtle. Paradoxically,
the greater efficiency of this design may sometimes be
a liability. Because relatively few patients are required,
patient attrition (due to protocol violations, mortality,
and so on) and extreme observations (outliers) can
cause considerable distortion of results.

Because each patient in a crossover design must be
followed through two periods using two different
treatments, the total trial time will be longer. In some
circumstances the longer time requirement may offset
the advantage of smaller patient samples. Crossover
designs will also be impractical for situations where a
lengthy washout interval between treatments is neces-
sary, and where there is a risk that lingering effects
from the first treatment may still be present when the
second treatment is applied. Crossover designs also
make it difficult to determine which of two treatments
is responsible if an adverse experience is seen.

A study of the structure of the crossover design
provides a better understanding of its deficiencies. Be-
cause of the design’s structure, there is a lack of inde-
pendence among the various estimated statistical
effects. Of particular concern is the crossover trial that
yields a statistically significant sequence effect. When
an investigator conducts a crossover trial a tacit as-
sumption is made that the sequence of treatments will
not produce a significant effect.

The Problem of Interactions

The problem that sequence of treatments introduces
into a crossover design can be viewed as a problem of
statistical interaction. Two variables are said to inter-
act whenever the effect of one variable changes de-
pending on the particular state of a second variable. Of
greatest concern in the crossover design is the interac-
tion of treatment and period. This interaction occurs
when the effectiveness of one treatment changes, rela-
tive to the other, in the move from period 1 to period
2. This type of interaction cannot be distinguished
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a) Treatment effect only:

Sequence 1 Sequence 2

(Group 1) (Group2) Totals
Period 1 A1=10 B2 =6 16
Period 2 B1=6 A2=10 16
Totals 16 16

Treatment Difference = A - B=(10+10)-(6+6)=8

c) Treatment and Period effect

Sequence 1 Sequence 2
(Group 1) (Group 2) Totals
Period 1 A1 =28 B2 = 4 12
Period 2 B1=8 A2=12]| 20
Totals 16 16

Treatment Difference = A -B=(8+12) - (8+4)= 8

Figure 3. Four possible outcomes in a crossover design.

from a sequence effect in the crossover design. To il-
lustrate this point, Figure 3 shows four possible out-
comes of a crossover design.

Figure 3a shows the pattern occurring when there is
a treatment effect and nothing more. The total effect of
treatment A is better by 8 response units than the ef-
fect of Treatment B. A comparison of the two row
marginals (period 1 compared with period 2) shows
there is no period effect, and a comparison of the col-
umn marginals (sequence 1 compared with sequence
2) shows there is no sequence effect. A treatment ef-
fect without a period or sequence effect is the type of
outcome an investigator would hope to obtain from a
crossover design.

Figure 3b shows the pattern occurring if there is a
general trend over time (period effect), but no treat-
ment effect. Comparison of the row marginals shows
that the total effect in period 2 for both treatments
combined is 4 response units better than the total in
period 1. The total effect of treatment A, however, is
no different than the total for treatment B. This pat-
tern of results might arise if patients were generally
improving over time independently of the treatments,
and the treatments themselves were both equally effec-
tive.

Figure 3c shows the pattern occurring when there is
an effect of both treatment and period. The treatment
effect is- the same as in 3a. Treatment A is better by 8
units than treatment B. In addition, subjects fare bet-
ter in period 2 regardless of the specific treatment they
receive. Note that this period effect merely adds a con-
stant increment to the effectiveness of both treatments
in period 2, but the relative difference between the two
treatments is left undisturbed. This outcome is more
complex, but the treatment effect continues to be inter-
pretable. This pattern might arise if patients were gener-
ally improving over time independently of the treat-
ments, but treatment A was better than treatment B by
the same amount in both periods.

Figure 3d shows a sequence effect. The treatment
difference shown appears identical to those in Figures
3a and 3c, the total effect of treatment A being 8 re-
sponse units better than the total for treatment B. In

b) Period (time) effect only

Sequence 1 Sequence 2

(Group 1) (Group 2) Totals
Period 1 Al =38 B2 =8 16
Period 2 B1=10 A2 =10 20
Totals 18 18

Treatment Difference A-B =(8+10)-(10+8)=0
d) Period by Treatment Interaction:

Sequence 1 Sequence 2

(Group 1) (Group 2) Totals
Period 1 A1=38 B2 = 8 16
Period 2 B1= 4 A2 =12 16
Totals 12 20

Treatment Difference A-B=(8+12)-(4+8)=8

this case, however, the treatment difference has arisen
in a peculiar manner and its meaning is ambiguous. If
only period 1 observations are considered, there is no
difference between the treatments. It is only in period
2 that treatment A appears more effective than B.
With this type of outcome, it is difficult to evaluate the
meaning of the treatment effect, because the difference
between treatments is influenced by the period in
which the treatments were seen. Failure to recognize
this period by treatment interaction (sequence effect)
might lead one to conclude, as in the first two exam-
ples, that treatment A is the therapy of choice, when
in fact it may be no more effective than treatment B.

Incompleteness of Counterbalancing

The problem of sequence effects can also be under-
stood in terms of the incomplete counterbalancing of
treatments in the crossover design. When subjects are
observed at more than one time, they may change in
ways unrelated to the treatments tested. Such change
is common in medical practice and may occur either
as a result of previous exposure to treatment or be-
cause of some factor that varies with the passage of
time. There is no satisfactory way to prevent such
change from taking place, but its effect can be neutral-
ized by the technique of counterbalancing, that is, by
reversing the order in which treatments are given for
half the patients in the study. When counterbalancing
is complete, the effects of any change occurring
through time will fall equally on both treatments. As a
result, one treatment will not be influenced more than
the other when the orders of the treatments for all
subjects are considered collectively.

Contrary to common belief, the counterbalancing in
a crossover design is not complete. Consequently, the
control it provides is limited. The incompleteness may
be seen by referring again to Figure 1. Each treatment
appears equally in both periods and in both sequences.
However, each treatment does not appear in every
possible period-sequence pairing. For example, treat-
ment A appears in period 2 only in sequence 2. There-
fore, we can only observe how treatment A behaves in
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period 2 when it is preceded by treatment B; we can-
not observe how treatment A behaves in period 2
when it is not preceded by treatment B. If treatment A

acts differently in period 2, it will be impossible to -

decide whether this difference is due to the order of
testing (sequence), or to the time of testing (period).
More importantly, it will be impossible to decide how
much, if any, of the overall difference between the two
treatments is because of the treatments themselves and
how much is because of a confounding of the treat-
ments with period or sequence effects.

This confusion can be removed by using extended
designs that manipulate each variable independently
of every other variable (5, 9, 10, 11, 12). Extended
crossover designs continue to make use of the statisti-
cal efficiency of within-subject comparisons, but all re-
quire either additional patients, that the patients be
observed for additional periods, or both. From a prac-
tical point of view the enforcement of such experimen-
tal protocols can present significant problems in clini-
cal research. Thus, extended designs are usually no
more economical or efficient than a parallel-groups de-
sign and cannot be recommended under most circum-
stances. )

Clinical Sources of Confounding in Crossover Designs

Attention has been given to the problems that arise
when a sequence effect occurs in the data of crossover
designs, and the source of these problems has been
traced to the logic of the design itself. There are cir-
cumstances in the research setting likely to produce
such sequence effects. If an investigator is aware of
these circumstances, steps can be taken to control
their occurrence or to abandon the crossover design
and substitute an alternative design.

Residual (Carry-Over) Effects

A residual or carry-over effect occurs when the effect
of the first treatment extends beyond its period of ap-
plication to influence the action of a subsequent treat-
ment. If the carry-over is uniform, affecting both treat-
ments equally, residual effects will appear as a period
effect and will not bias the estimate of treatment differ-
ences. If the carry-over is not uniform, affecting the
two treatments differently, then there will be a se-
quence effect, obscuring the true treatment difference.
The most familiar type of residual is the drug carry-
over effect that occurs when traces of the period 1
drug are present when responses to the period 2 drug
are measured. Drug carry-over can be prevented by
inserting a suitable washout period between applica-
tions of the two drugs.

A more subtle residual effect may arise because of
certain psychologic influences established during first-
period treatment or testing. In the behavioral sciences
(13, 14), learning or expectancy can influence ob-
served outcomes, but the problem is not well under-
stood among medical researchers. Psychologic carry-
over effects may occur in various ways.

For example, an investigator may use a crossover
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design to test the effects of a new analgesic compared
with a placebo. Subjective estimates of pain are influ-
enced by the standard against which judgments are
made (15, 16). In a crossover design, period 1 esti-
mates are made in the absence of any explicit standard
of reference, but period 2 estimates are made in light
of effects experienced in period 1. A placebo is likely
to be judged less effective in period 2, where it can be
compared with the previous effects of the active drug.
Conversely, an active drug may be judged more effec-
tive in period 2, where it can be compared with the
previous effects of placebo. This mixing of absolute
and relative judgments can result in a sequence effect,
violating the assumptions of the crossover design. The
insertion of a washout period may help reduce this
problem, but the required length of a psychologic
washout period is usually unknown. The problem may
also be remedied, in part, by blinding the subjects not
only to the identities of the drugs, but also to the oc-
currence of the crossover point. Ultimately, however,
the crossover design remains vulnerable to psycholog-
ic carry-over and alternate designs should be consid-
ered when the measurement of treatment responses
relies on subjective reports. Learning effects may con-
tinue to threaten the validity of a crossover design,
even when response measures are based on objective
behavioral measures, rather than subjective reports
(17).

In another example, an investigator wishes to test
two anti-emetic drugs for control of nausea and vomit-
ing in cancer patients undergoing chemotherapy.
Some evidence suggests that nausea and vomiting in
patients receiving chemotherapy are influenced by a
process of classic (Pavlovian) conditioning to the of-
fending chemical agent (18, 19). If drug A is a more
effective anti-emetic agent, nausea will be controlled
when it is applied in period 1 and the conditioned
response will be less likely to develop. Drug B will
profit from drug A’s effectiveness when it is applied in
period 2. Conversely, when drug B is given first, con-
ditioning will take place in period 1, and drug A will
be at a disadvantage in period 2. Again, the result will
be a sequence effect and conclusions about treatment
differences will be made ambiguous. This learning ef-
fect will threaten the validity of a crossover design
even though an objective behavioral measure (ob-
served frequency of vomiting) is used.

Failure to Return Subjects to Baseline State

Failure to return subjects to their baseline state can
also produce a nonuniform carry-over effect, giving
rise to the previously mentioned problems. In some
instances, withdrawal of an apparently effective treat-
ment may be deemed unethical. In other cases, if the
first-period treatment effects a cure, it will be impossi-
ble to return subjects to their original state. In either
case, if it is likely that exposure to treatments in period
1 will leave the two groups in relatively permanent but
unequal states, a crossover design must be avoided.
Consider, for example, the comparison of two meth-
ods of nutritional support for increasing body weight
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in patients with cystic fibrosis. If method A is more
effective, then body weight may rise in the group that
received method A first, and method B will profit from
“this when it is used in period 2. On the other hand,
body weight may decline in the group that receives
method B first. Consequently, method A will be at a
disadvantage because persons treated in period 2 will
have deteriorated physically. In this case, a sequence
effect is virtually assured, because it will be impossible,
on both ethical and practical grounds, to return sub-
jects to their baseline body weight before Period 2.

Nonuniform Changes in the Patient Over Time

In many cases a patient’s medical condition may
change independently of the specific treatment offered.
If the treatments are influenced differentially by this
change, the results of a crossover design will be unin-
terpretable. :
For example, an investigator wishes to test a new
non-narcotic agent against morphine for relief of
chronic cancer pain. If pain is relatively constant over
the course of the study, then given a reasonable wash-
out period, a crossover design may produce a fair com-
parison. Suppose both medications, however, are
equally effective for mild pain, but morphine is superi-
or for intense pain. Under these circumstances, if the
level of pain increases as the cancer progresses, a se-
quence effect will result. The two drugs will appear
equally effective in period 1, but morphine will be su-
perior in period 2, and the crossover design will be
unable to provide an unbiased treatment comparison.
Even if a subject’s biologic state remains constant
over the course of the study, systematic changes in the
treatment environment may pose problems similar to
those described above. For example, the movement of
subjects from an intensive care area to a general medi-
cal unit, or from hospital to home care, between peri-
ods 1 and 2 can produce sequence effects if these
changes have a differential effect on either the treat-
ment responses themselves or the conditions under
which those responses are observed and recorded.

Time-Dependent Response Measures

Crossover designs are inappropriate where treatment
effectiveness depends on measure of elapsed time. Un-
der these circumstances, the point at which period 2
testing begins will be governed by the outcome of the
period 1 treatment, giving rise to nonindependence of
the two response measures. This problem has been re-
ported by Meier and colleagues (20).

For example, an investigator uses a crossover design
to compare the duration of postoperative pain relief
from two analgesics. Drug effectiveness is measured in
terms of elapsed hours after injection in which the sub-
ject continues to report at least 50% pain relief. Sub-
jects remain in period 1 until they fall below 50% pain
relief, at which time the crossover to the second drug
and period 2 begins.

Suppose the average duration of relief is 6 hours for
drug A and only 4 hours for drug B. When drug A,

T S e b T g1

TURE N At e o A s A8 e g p e vl e s pn3ote B SN A 1

the long-acting drug, is applied first, drug B will have
the advantage of being applied approximately 6 hours
postoperatively when pain may have begun to subside.
When drug B, the shorter-acting drug, is applied first,

" drug A will have the disadvantage of being applied
only 4 hours postoperatively when pain may still be
relatively intense. Under these circumstances, the rela-
tive effectiveness of the two drugs will depend on the
period in which they are observed, creating the condi-
tions for a sequence effect and obscuring the measure-
ment of true treatment differences.

Statistical Implications

The logical deficiencies of the crossover design have
important implications for the statistical analysis. Be-
cause it is difficult to evaluate the meaning of treat-
ment differences when the orderings of the treatments
cause an effect, an investigator obtaining a statistically
significant sequence effect will be unable to say with
any confidence whether one treatment is actually supe-
rior to the other. Because this type of result is always
possible with a crossover trial, it is important that the
problem be dealt with in the statistical analysis. It
should be emphasized that no statistical analysis is
completely effective in untangling the potential con-
founding factors inherent in the crossover design. A
partial solution, however, has been suggested. A meth-
od proposed by Grizzle (7) involves a separation of
the analysis into two phases. The sequence effect is
evaluated in phase 1 by comparing the column totals
(12 and 20 in Figure 3d). If this comparison is nonsig-
nificant (using a liberal criterion of P = 0.10), then
the investigator may proceed to estimate the treatment
effect, as already described. If the sequence effect is
significant (P < 0.10), then the assumption of no se-
quence effect has been violated, and an analysis based
on the crossover model will result in a biased estimate
of the treatment effect. Under these circumstances, the
investigator should discard the period 2 data and ana-
lyze only the period 1 treatment difference using a par-
allel-groups comparison (7).

Grizzle’s method provides a way of determining, af-
ter the data have been collected, whether the design
can yield a valid treatment comparison. It does not,
however, offer a complete solution because the test of
the sequence effect is based on a between-subjects
comparison that has low statistical power. Brown (2)
has calculated that to detect a sequence effect with
sufficient statistical power (0.95), the number of sub-
jects required in the crossover design would greatly
exceed the number required in a comparable parallel-
groups design. It is possible to increase the sample
size, thereby increasing the statistical power of Griz-
zle’s test, but this negates the orginal advantage of
using a crossover design. The same effort put into a
simple parallel-groups design would yield a treatment
estimate of equal power, while avoiding the complexi-
ties of the crossover design.

There are several basic rules that should be followed
in reporting the results of a crossover trial. These rules
are also useful in evaluating other investigators’ cross-
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over results. First, the issue of subject attrition must
be addressed. Because crossover designs often have

few subjects, each dropout must be carefully evaluat-

ed. Unequal dropouts from different causes can invali-
date the statistical analysis. Investigators should also
always report period, sequence, and treatment means
and do a preliminary test of the sequence effect. The
outcome of this test determines whether both periods
of data can be analyzed, or whether the analysis
should be restricted to period 1 data alone (7).

If the full crossover design is to be analyzed, then
the effects of period, treatment, and sequences must be
reported. It is not appropriate to compare only the
average effect of treatment and ignore the effects of
period and sequence. Figure 3d shows that an average
difference between treatments does not necessarily in-
dicate the existence of a genuine treatment effect.

If an analysis of variance model is used to analyze
the data of a crossover design, certain classic assump-
tions must be met. Specifically, it must be assumed
that the observations have been sampled randomly
from normal population distributions, that the vari-
ances are the same for each treatment condition, and
that errors in measurement are uncorrelated across
observations.

Efficient Alternatives to the Crossover Design

When the assumptions of a crossover design are in
doubt, the simpler parallel-groups design is preferred.
A parallel-groups design requires more subjects than a
crossover design, but each subject is observed under
one treatment for only one period. Therefore, the
problems of protocol violation and subject withdrawal
are minimized, and the statistical analysis is straight-
forward, involving none of the assumptions of cross-
over designs.

Various authors (1-3, 21, 22) have discussed the
incorporation of baseline measures to increase the sta-
tistical efficiency of the standard parallel-groups de-
sign. This type of design, shown in Figure 4, involves
two periods of testing but no treatment crossover.
Baseline measures taken during the first period may
involve a placebo treatment, no treatment, or one of
the two study treatments. Like the crossover design,
this design involves a within-subject comparison in the
sense that each subject’s response is recorded as a dif-
ference between baseline and active treatment. In most
clinical situations, such difference measures result in
an increase in efficiency, the gain being proportional to
the statistical correlation between the baseline and
treatment observations. Baseline measures can usually
be incorporated with little additional time and effort.
They can also provide assurance of pre-experimental
group comparability independent of randomization
and can be used as a basis for stratification if within-
group differences are found.

When all factors are taken into account (time, com-
plexity, subject attrition, and so on), the parallel-
groups design, with the incorporation of a baseline
measure, can approach the crossover design in efficien-
cy even when the restrictive crossover assumptions

Patient Sample

Randomization

e N

Group1 Group 2
Period 1 Baseline Measure Baseline Measure
Period 2 Treatment A Treatment B

Figure 4. Parallel-groups design with baseline measures. A design in-
volving two periods of testing but no treatment crossover. Baseline mea-
sures are taken during the first period.

concerning sequence effects are met. When the cross-
over assumptions are not met, however, the parallel-
groups design is clearly superior to the crossover.

Conclusions

The two-period crossover design offers the advantage
of efficiency, but it does so at the risk of validity. If an
investigator is confident that differences between the
treatments under study will not change depending on
the period in which the treatments are observed, then
a crossover design may be economical and efficient for
generating valid treatment comparisons. It is impor-
tant, however, to recognize the limitations of this de-
sign. It is often difficult to rule out the possibility of a
sequence effect before conducting a clinical trial. In-
vestigators who conduct a crossover trial in the ab-
sence of such confirmatory evidence, on the grounds
that it is an efficient way to proceed, must be aware
that they may produce biased results. Investigators
unsure whether data collected in their particular clini-
cal context will support the assumptions of a crossover
analysis should design their study as a simple parallel-
groups trial.
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