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CLINICAL

INVESTIGATION

When should the sequential parallel comparison design

be used in clinical trials?

Clin. Invest. (2013) 3(9), 823-833

Randomized clinical trials in many conditions such as mental illness, pain,
addiction, allergy and asthma are subject to moderate-to-high rates of
placebo response. This reduces the effect size for the comparison of the
active treatment to the placebo group, hence reducing the efficiency of
studies. Since attempts to resolve this problem using a placebo lead-in design
have not been successful, in 2003 the sequential parallel comparison design
(SPCD) was developed. In the SPCD, the study is conducted in two treatment
stages, with the efficacy analysis including (a) all subjects in stage 1 and
(b) stage 2 data from stage 1 placebo nonresponders. The relevant data from
the two stages are pooled to compute an overall p-value. This article reviews
the situations in which the SPCD is preferable to the standard parallel design
as well as the circumstances in which SPCD is not a good choice.

High rates of placebo response in clinical trials, even of drugs previously approved by
the US FDA for a particular condition, have often failed to demonstrate a significant
difference of the active treatment from placebo (1. For example, Laughren reviewed ran-
domized trials for new treatments for depression and schizophrenia that were considered
by the FDA between 1987 and 1999 and that were ultimately approved [1]. Laughren
found many cases in which neither the investigational drug nor the already-approved
drug differed significantly from placebo [1].

The causes of placebo response have been commented upon by many authors, such
as Fava ez al. 2]. Some of these causes relate to actual improvement in the condition of
the patient (e.g., from regression to the mean for fluctuating illnesses, or improvement
from expectancy that may lead to physiologically active processes that can be similar to
those elicited by active treatment), while others have nothing to do with the patients but
are results of trial design or implementation flaws (e.g., patients being initially evaluated
as more ill than they actually are, so that if later evaluations are more accurate, patients
appear to have improved even if they were receiving only placebo).

There are far-ranging public health consequences associated with the false-negative
statistical results associated with high placebo response. At a minimum, failed trials
delay the introduction of new therapies to patients by a number of years and raise the
cost of development. Worse still, failed trials can cause companies to abandon develop-
ment of effective treatments. In fact, some companies have entirely abandoned their
development efforts in certain fields, such as depression, based on a judgment that the
risk of an effective treatment failing to show efficacy is simply too high.

What designs have attempted to compensate for high placebo

response rates?

Khan et al. 3] and Mallinckrodt ez al. (4] have prepared analyses supportive of
the intuitively logical conclusion that lower placebo response is associated with
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greater drug—placebo difference. This concept has
led to development of many trial design features; for
example, recruiting patients with more severe illnesses
and who are less likely to spontaneously improve, or
randomizing more patients to placebo and thereby
mitigating expectation of improvement.

Another common practice in conditions with a
moderate-to-high placebo response is the use of a pla-
cebo lead-in design (also referred to as ‘placebo run-in’
or ‘placebo wash-out’ design), in which all patients
first receive placebo, and then only those patients who
did not respond to placebo are randomized to the pla-
cebo versus drug arms for the efficacy analysis treat-
ment phase (i.e., stage) [s]. This is done in an attempt
to reduce the placebo response rate in the treatment
phase, and thereby increase the drug versus placebo
difference and reduce the risk of false-negative findings
with a given sample size.

The placebo lead-in design is considered an enrich-
ment design [6] because the sample randomized in the
trial (i.e., only the nonresponders to placebo during the
‘lead-in’) is a subsample of the full sample recruited.
This subsample is expected to have a greater treatment
effect compared with placebo than the total sample.
However, in 2011 Khin et 4l. [7], citing a 2001 article
by Faries et al. on major depressive disorder (MDD)
(8] and meta-analyses by Trivedi and Rush of 1994 5]
and Lee et al. of 2004 [9], noted: “It has been shown
... that using a placebo run-in has not been a success-
ful strategy in lowering placebo response rate, nor has
it increased drug—placebo differences in MDD trials.”
This indicates that, on average, the use of the placebo
lead-in approach added time and cost to trials (e.g., the
number of subjects recruited who signed informed con-
sents was larger than the ‘n’ used in the trial) but yielded
little or no benefit.

These failures of the standard placebo lead-in design
may have resulted from the short duration of the placebo
lead-in period or from investigators not being blinded
during this period. Some techniques have attempted
to overcome these deficiencies (e.g., use of longer lead-
in periods, or of double blinding during the lead-in).
Regarding longer lead-ins, Chen ez /. noted, with
respect to a review of both depression and schizophrenia
trials, that trials with a longer placebo lead-in phase have
a smaller placebo response rate [10]. However, no data
were provided indicating that a lower placebo response
rate led to a larger drug versus placebo difference.

Mallinckrodt ez a/. [11] and Mallinckrodt et al. [12]
examined the use of double-blind placebo lead-ins in 11
depression trials. They found that, while the effect size
was slightly larger in the patients who did not respond
to placebo during the lead-in (the ‘qualified subset’) as
compared with the ‘all-patient’ group, the difference was
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small (0.360 vs 0.422 using the Hamilton Depression
Rating Scale [HDRS]), and the use of the ‘qualified sub-
set’ provided very little advantage in terms of correctly
identifying drug as superior to placebo [11].

Although it is counter-intuitive, use of a placebo
lead-in, even if it does successfully reduce the placebo
response rate, will not necessarily result in a larger
drug versus placebo difference because placebo non-
responders (the subsample resulting from a placebo lead-
in) may be less responsive to both drug and placebo. In
addition, even if the sponsor of a trial uses a long placebo
lead-in or a double-blind placebo lead-in, and decides
to assume that this will result in both some reduction
of the placebo response rate and some increase in the
drug versus placebo difference, the placebo lead-in may
nonetheless increase the overall duration and cost of the
trial because of the need to recruit and obtain consent
from more subjects than the ‘n’ of the trial.

Merlo-Pich et al. have proposed an alternative
approach to address the problem of high placebo
response, called the band-pass methodology [13]. Using
this method, all data for patients treated with drug and
with placebo are excluded from the efficacy analysis for
those sites that had an unusually high or low placebo
response. This method can, on a post hoc basis, detect a
significant drug—placebo difference in some trials that
failed. However, because this method can cause many
subjects not to be utilized, it could be expensive in prac-
tice because of the larger ‘gross’ sample size that may be
required. Therefore, to our knowledge it has not been
used prospectively in a trial.

Why was the SPCD developed & how is it
conducted?

Since attempts to resolve the problem of placebo response
using a placebo lead-in design and other approaches has
not been successful, a design called the sequential paral-
lel comparison design (SPCD) was developed at Mas-
sachusetts General Hospital (MGH; MA, USA) in 2003
(see ‘Financial and competing interests disclosure’ for
information regarding patents owned by MGH and the
availability of licenses for use of SPCD in clinical trials)
[2,14]. Figures 1 & 2 illustrate two of the SPCD formats for
a two-arm randomized clinical trial. In the SPCD, the
study is conducted in two treatment stages that can be of
equal or unequal duration. The efficacy analysis includes
(a) all subjects in the stage 1 and (b) stage 2 data from
only subjects who did not respond to placebo in the stage
1. Patients who receive active drug in stage 1, as well as
placebo responders from stage 1, usually participate in
stage 2 to maintain blinding and test additional hypoth-
eses, but their data are not included in the efficacy ana-
lysis. When using SPCD, the relevant data from the two
stages (mean responses and variances, treatment effects
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and test statistics, among others, as appropriate, based
upon the analytical method being utilized) are pooled to
compute an overall p-value. This approach (i.e., utilizing
data from some subjects in both stage 1 and 2) is akin
to what occurs in a crossover trial, although a crossover
trial is different because in such a trial, the populations
in both stages are the same.

With SPCD, more data is generated from any given
sample size (in comparison with a conventional single
stage design or a placebo lead-in design) and, therefore,
efficiency is generally increased. For treatments that have
an effect, SPCD generally provides greater power for any
specified sample size compared with a single stage design
or, said another way, greater efficiency allows use of a
smaller sample size without reducing power.

If placebo response is moderate to high, additional

benefit from SPCD can be achieved if:

® The placebo response rate is lower in stage 2 among
subjects who were placebo nonresponders in stage 1 (as
was the case in all of the trials described in Table 1);

® This also leads to an improvement in the drug versus
placebo difference (as occurred in three out of four
trials described in Table 1; however, such an increase
should not be expected to occur universally).

SPCD is generally suitable for trials using placebo con-
trol as monotherapy or adjunct therapy, whether placebo
response is expected to be high, moderate, or low, except
in the following circumstances: when a normal treatment
period is long and therefore using two treatment periods
is not feasible, or when, in monotherapy trials, it is not
desirable for some patients to receive ‘placebo only’ dur-
ing two treatment periods (see “When should the SPCD
not be used?’).

SPCD would often be suitable for trials in chronic ill-
nesses that are not yet curable, such as asthma, arthrits,
hypertension, epilepsy, migraine headache and pain; that
is, illnesses for which crossover designs are sometimes con-
sidered, but frequently investigators do not use crossover
design because of a concern as to the risk of a ‘carry over’
effect. Using SPCD, there is no such concern because
no patients switch from active treatment to placebo (a
circumstance that leads to uncertainty as to whether later
responsiveness is a delayed result of the active treatment),
and no placebo responders switch to active treatment (a
circumstance that leads to uncertainty as to whether con-
tinued response would have occurred even in the absence
of active treatment). Using SPCD, only those subjects
who did not respond to placebo are switched from placebo
to active treatment, and therefore the assumption of no
carry-over effect from placebo is reasonable.

SPCD is already being used in many psychiatry tri-
als (e.g., depression, schizophrenia, bipolar disorder),
where the benefits of utilizing data from subjects in two

Randomize
1

NR
\

Randomize

Figure 1. Sequential parallel comparison design re-randomization format.
Efficacy analysis is based only upon results of the eight groups in blue boxes.
D: Medical device or other type of therapy; P: Placebo; R: Responders;

NR: Nonresponders.

treatment stages, and of enriching stage 2 with patients
likely to have a reduced placebo response, are especially
evident.

The purpose of this article is to review when use of
SPCD is appropriate and when it is not. The next sec-
tion provides a further explanation of the biostatistical
approach used with SPCD and a brief mention of the
various specific analytical methods that have been pro-
posed by various authors. The authors next provide a
review of the four SPCD trials for which results have
been published, as well as information about one addi-
tional SPCD trial for which summary results have been
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Figure 2. Sequential parallel comparison design single randomization
format. Efficacy analysis is based only upon results of the ten groups in
blue boxes.

D: Medical device or other type of therapy; P: Placebo; R: Responders;
NR: Nonresponders.
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Table 1. Results of published clinical trials using sequential parallel comparison design.

Identifier (n) Authors Experimental conditions Response rate Response rate One-sided Ref.
tested in SPCD active drug (%) placebo (%) p-values
Stagel Stage2 Stagel Stage?2
NCT00555997  Papakostas et al. Ziprasidone monotherapy  44.8 238 319 28.0 Stagelp =015 [21102]
(120) (max 160 mg/day) versus (13/29) (5/21) (29/91) (7/25) Stage2p =074
placebo monotherapy SPCDp =0.21
NCT00321152  Papakostas etal,  Adjunctive -methylfolate  19.4 17.1% 285 9.1 Stagelp =091 [22,103]
(148) study 1 (7.5 mg/day) versus (7/36) (6/35) (32/112)  (3/33) Stage 2 p = 0.27
adjunctive placebo SPCD p = 0.52
NCT00683852  Favaetal. Adjunctive aripiprazole 18.5 18.0 174 79 Stage 1 p =0.50 [23,104]
(221) (2 mg/day) versus (10/54) (11/61)  (29/167) (5/63) Stage 2 p = 0.08
adjunctive placebo SPCD p = 0.09
NCT00955955  Papakostas etal,  Adjunctive -methylfolate  36.8 277 19.6 9.5 Stagelp =012 [22,105]
(75) study 2 (15 mg/day) versus (7/19) (5/18) (11/56) (2/21) Stage2p =0.14
adjunctive placebo SPCD p =0.02
SPCD: Sequential parallel comparison design.

reported, and information about eight other SPCD tri-
als that are ongoing or for which results are not yet
reported. The results of the published SPCD trials will
then be discussed and, finally, the article will offer com-
ments as to the circumstances in which the use of SPCD
is suitable and beneficial, as well as when its use is not
appropriate.

What are the statistical considerations in SPCD
designs?

Since patient populations in stage 1 and 2 of an SPCD
trial are different (the stage 2 population is a subset of the
stage 1 population), one cannot assume that the treatment
responses and therefore treatment differences in the two
stages are the same. Therefore one cannot use analysis
methods of crossover trials. The null hypothesis in the
SPCD trial is that the treatment is not effective in ‘all
comers’ (the stage 1 population of patients) and it is not
effective in the population of placebo nonresponders (the
stage 2 population). If the sample size is large enough, the
null hypothesis is rejected if the treatment is effective in at
least one of these populations. In other words, the treat-
ment does not have to be effective in both populations to
reject the null hypothesis.

Statistical analysis of SPCD data pools the inference
from first and second stages to form a single test statis-
tic. Methods for analyzing data from SPCD trials with
both continuous and binary end points have been devel-
oped by many different researchers. These methods are
efficient, address the correlation of observations from
subjects included in both stages and preserve the type I
error rate well.

Fava et al. proposed a linear combination test for binary
outcome [2]. The test statistic is based on the linear com-
bination of treatment effects from the two stages. The

weight (w between 0 and 1) to form the linear combina-
tion needs to be specified by the user in advance. The
optimal w (i.e., the w that yields the highest power)
depends on response rates; however the w of 0.6, where
the first stage difference is weighted slightly higher than
the second stage difference, works well in most cases.
Huang and Tamura [15) and Ivanova, Qagqish and Schoen-
feld [16] proposed the score test for binary outcomes. The
Ivanova approach [16], like the linear combination test of
Fava 2], requires the user to specify in advance the test
parameter, 7, which is an estimate of the ratio of the dif-
ference between active treatment and placebo in stage 2 in
comparison with stage 1. The power is maximized when
this test parameter is equal to the true ratio of the differ-
ences between treatment and placebo in the two stages of
the trial. As it may be difficult to estimate the ratio of the
treatment differences precisely before the trial, a recom-
mended robust parameter to use in the test is 7 = 1, that
is, assuming that treatment differences will be the same
in both stages. Over a range of outcomes, the score test
yields somewhat high power compared with the linear
combination test in Fava ez /. [2]. Simulations find that
the score test preserves type I error well even for relatively
small sample sizes [15,16].

Chen ez al. proposed a linear combination test for con-
tinuous outcomes [10]. As in the linear combination test for
binary outcomes, a weighting of w = 0.6 is recommended.
Other methods of analyzing SPCD continuous outcome
data have been proposed [17-19]. Simulations show that all
methods preserve type I error rate for sample sizes that
are usually used in SPCD. Tamura ez a/. described how
to estimate the treatment effect in an SPCD trial [20].

The power of the test for the SPCD also depends on
the allocation ratio between the new treatment and pla-
cebo in stage 1. If treatment effects were known, one
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could compute the optimal allocation ratio in stage 1.
Since actual response rates are not known beforehand, we
recommend, if treatment differences are expected to be
approximately equal in both stages, a stage 1 placebo:drug
allocation ratio of 2:1. If the treatment difference in
stage 2 is expected to be twice or more than the difference
in stage 1, theoretically a very high percentage of patients
should be assigned to placebo in stage 1 to maximize the
sample size in stage 2, but in practice a placebo:drug ratio
greater than 3:1 is not recommended. In the unlikely sce-
nario where the treatment difference in stage 1 is expected
to be much higher than the difference in stage 2, the best
placebo:drug allocation ratio in stage 1 is 1:1.

If the placebo:drug allocation ratio and the test param-
eter (w or 7) are chosen within a fairly wide range of val-
ues, the SPCD is more powerful than a conventional
single stage design, even if the treatment difference in
stage 2 is the same as in stage 1 or slightly lower. For
any given number of enrolled patients, SPCD is generally
more powerful than a placebo lead-in unless the lead-in
period causes the treatment difference following the lead-
in to be substantially larger (at least twofold) than the
treatment difference would have been in the absence of
the lead-in period — that is, unless the hoped for benefit
of the lead-in period (i.e., an increased drug vs placebo
difference) is achieved to the maximum degree.

How are power & sample size computed for the
SPCD?

A sample size and power ‘calculator’ is available for free at
www.rctlogic.com using a typical ‘click through’ license.
The calculator uses the methodology in [16] for binary
outcomes and the methodology in [10] for continuous out-
comes, and shows, based on input assumptions specified
by the user, the ‘n’ and power resulting from use of SPCD
in comparison to a conventional single stage design.

What completed trials have used the SPCD
design?
We performed an online search of the medical litera-
ture through pubmed.gov for all published studies that
have used the SPCD (using search terms ‘sequential’,
‘parallel’, ‘comparison” and ‘design’). The information
extracted with respect to these studies included the
population treated, the outcome measure, the criterion
for success in stage 1 and stage 2, whether or not sub-
jects were re-randomized after stage 1, and the placebo
and active drug response rates in stage 1 and 2, along
with the final combined one-sided p-value for each trial.
Our literature search found the four published stud-
ies using SPCD that have appeared in the psychiatric
literature. These are summarized in Table 2. The four
studies all involved patients with major depressive disor-
der, likely due to the high placebo response rate in this

future science group

condition. The sample sizes ranged from 75 to 224, and
the number of sites ranged from six to 22. All of these
studies were funded by corporations. As illustrated in
Table 2, all studies were two-armed studies comparing
drug with placebo, and used the single randomization
format of SPCD as illustrated in Figure 2. In all four
studies the allocation ratio for placebo:drug was 3:1.
Table 2 includes additional design characteristics of each
of these studies.

The first SPCD protocol developed, which involved
ziprasidone monotherapy, used two 6-week stages. The
other three studies used two 30-day stages. The zipra-
sidone study used a continuous outcome measure as the
primary efficacy measure, while the other three used
either a dichotomous improvement variable, continuous
outcomes, or both dichotomous and continuous out-
comes as the primary efficacy measure in the combined
analysis of the two stages (Table 2).

In order to identify subjects who were placebo nonre-
sponders and should be included in the efficacy analysis
of stage 2, the ziprasidone study used a single criterion:
<50% improvement in the 17-item HDRS (HDRS-17),
a gold standard scale for depression research. The other
three studies, with protocols developed subsequent to
the ziprasidone study, used dual criteria: <50% improve-
ment in a well-recognized scale, and an illness rating at
the end of stage 1 (i.e., at the beginning of stage 2) of
at least some prespecified numeric level. For illnesses
such as depression that involve a ‘flooring effect’ (i.e.,
the ability to detect a signal is diminished when the
level of illness severity is low), the refinement of using
dual criteria can be beneficial (see below). While all
four of the published studies examined patients with
major depressive disorder, three also required that the
patients had not responded to previous trials of anti-
depressant medications, and tested the addition of the
study medication to the patient’s current antidepressant
medication. The ziprasidone study, however, did not
require failure of previous antidepressant drug trials,
and tested ziprasidone as monotherapy for depression.

Table 1 illustrates the response rates for subjects in
each stage of the four published studies, as well as p-val-
ues for the active treatment versus placebo for each
stage and the combined SPCD p-value. p-values for
each individual stage were computed using the Fisher’s
exact test and the SPCD p-values were computed using
the score test with test parameter 7 = 1. All p-values
are one-sided and therefore are equal to about a half of
p-values reported in corresponding publications of the
trials. One-sided p-values are shown in Table 1 because
a stage-specific two-sided p-value is not meaningful
when the observed treatment effect in that stage is
negative (e.g., stage 2 of a trial in [21], or stage 1 of
study 1 in [22]).

Clin. Invest. (2013) 3(9)
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Table 2. Design details of clinical trials with published results that used sequential parallel comparison design.

Authors
(identifier)

Papakostas
etal
(NCT00555997)

Papakostas
etal, study 1
(NCT00321152)

Fava et al.
(NCT00683852)

Papakostas
et al, study 2
(NCT00955955)

Subject Study Experimental Primary Type of Nonresponse Ref.
diagnosis length conditions tested outcome outcome criterion to enter
in SPCD measure measure efficacy analysis in
stage 2

Major 12 weeks,  Ziprasidone Change in the Continuous <50% improvement [21,102]
depressive divided monotherapy total HDRS-17 in HDRS-17
disorder into two (max 160 mg/day) score compared with

6-week versus placebo baseline

stages monotherapy
SSRI-resistant 60 days, Adjunctive HDRS-17 Dichotomous ~ <50% improvement [22,103]
major divided t-methylfolate response and in HDRS-17
depressive into two 7.5 mg/day versus defined as continuous compared with
disorder 30-day adjunctive placebo improvement baseline and HDRS-

stages of 50% or more 17 >7 at end of

and change in stage 1
total HDRS-17

Major 60 days, Adjunctive MADRAS Dichotomous  <50% improvement [23,104]
depressive divided aripiprazole response in MADRAS
disorder with  into two 2 mg/day versus defined as compared with
inadequate 30-day adjunctive placebo improvement of baseline and
antidepressant stages 50% or more MADRAS >16 at end
therapy of stage 1
response
SSRI-resistant 60 days, Adjunctive HDRS-17 Dichotomous  <50% improvement [22,105]
major divided t-methylfolate response and in HDRS-17
depressive into two 15 mg/day versus  defined as continuous compared with
disorder 30-day adjunctive placebo improvement baseline and HDRS-

stages of 50% or more 17 >7 at end of

and change in
total HDRS-17

stage 1

All trials used single randomization format and 3:1 allocation ratio between placebo and drug in stage 1.
HDRS-17: 17-point Hamilton Depression Rating Scale; MADRAS: Montgomery Asberg Depression Rating Scale; SPCD: Sequential parallel comparison design;

SSRI: Selective serotonin reuptake inhibitor.

As expected, placebo response in stage 1 was moder-
ate in the three adjunctive therapy trials (ranging from
17.4 t0 28.5%), but was somewhat higher in the ziprasi-
done monotherapy trial (31.9%). The observed placebo
response rate was either greater than, or approximately
equal to, the observed rate of active drug in stage 1 in
two of the studies ([23] and study 1 in [22]; stage 1 is
essentially comparable to a conventional single stage
design). Even though observed placebo response rates
in stage 1 were moderate, in all four trials the placebo
response rate in stage 2 was lower still (<10% in all of
the trials other than the ziprasidone study, which was
28%). The authors believe it is likely that the reduction
in the placebo response rate of stage 2 of the ziprasidone
study would have been greater, and the drug versus pla-
cebo difference more favorable, if dual criteria for the
identification of placebo nonresponders entering the
efficacy analysis in stage 2 had been used, as was done
in the three published subsequent trials.

In three of the trials the ‘signal’ (i.e., drug—placebo
difference) improved in stage 2 and the p-value achieved
is lower compared with the p-value that otherwise
would have been achieved in a conventional single-stage
trial with the same sample size, an equal placebo:drug
allocation and observed response rates equal to those
observed in the trials.

In two of the studies the drug, or dose of the drug,
showed essentially no efficacy. A benefit of SPCD is
that, with two populations studied, we are able to obtain
the estimates of treatment effect in both overall and
enriched population of placebo nonresponders to help
in planning future studies with this drug, or to help
decide that further investment of time and money is
not warranted.

What other trials have used the SPCD design?
An additional nine SPCD trials were not included in
our literature review because articles relating to them
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have not yet been published. These trials are outlined
in Table 3, with corresponding clinicaltrials.gov NCT’
identifier codes.

approaches: monotherapy and adjunct therapy, use of
active comparator, use of multiple doses, use of binary
and continuous outcomes, and use of drug therapies
and a medical device. Of the nine trials set forth in
Table 3, three have NIH funding, three have nonprofit
funding and three have corporate funding. In four

These nine trials address schizophrenia, bipolar dis-
order, depression and irritable bowel syndrome, and
include diverse conditions, therapies, formats and

Table 3. Details of the nine additional Sequential Parallel Comparison Design trials.

Identifier Name of trial Sponsor Funding Principal Patients Sites Indication Ref.
investigators (n) (n)
NCT01337609  Study of probiotic Massachusetts Ganeden Maurizio Fava 5 2 IBS and (106]
ganeden BC30 for IBS General Biotech (OH, depression
and major depressive Hospital USA)
disorder (MA, USA)
NCT01318434 A paroxetine- and Euthymics Euthymics Pierre Tran 300 43 Depression (107]
placebo-controlled Bioscience Inc.  Bioscience
study of 50 and (MA, USA) Inc.
100 mg/day of EB-1010
among outpatients with
major depressive disorder
NCT01298427  Efficacy and tolerability NIMH (MD, NIMH Carlos Zarate, 275 4 Depression (108]
of riluzole and biomarker USA) Sanjay
of treatment response Matthew,
in treatment-resistant Maurizio
depression Fava, Gerard
Sanacora
NCT01665950  Simvastin augmentation ~ Massachusetts NIMH Roy Perlis 30 1 Bipolar [109]
of lithium treatment in General disorder
bipolar depression Hospital
NCT01561742  Minocycline University of Stanley Mujeeb Shad 120 1 Schizophrenia [110]
augmentation in Texas Health Medical
schizophrenia Science Center Research
(TX, USA) Institute (MD,
USA)
NCT01724476 A trial of folate with Massachusetts  Stanley David C 240 1 Schizophrenia  [111]
B-12 in patients with General Medical Henderson
schizophrenia with Hospital Research
residual symptoms in Institute
Ethiopia
NCT01784666 Adjunctive isradipine for ~ Massachusetts  Stanley Roy Perlis 30 1 Bipolar [112]
the treatment of bipolar  General Medical disorder
depression Hospital Research
Institute
NCT01654796  Trial of low field magnetic NIMH NIMH Maurizio Fava 80 6 Treatment- [113]
stimulation augmentation resistant
of antidepressant therapy depression
in treatment-resistant
depression
NCT01500200 A study to evaluate ALKS ~ Alkermes, PLC  Alkermes, PLC  Richard 130 27  Treatment- [114]
5461 in subjects with (Dublin, Leigh- resistant
major depressive disorder Ireland) Pemberton depression
The original planned sample size was 32.
IBS: Irritable bowel syndrome; NIMH: National Institute of Mental Health.

future science group Clin. Invest. (2013) 3(9) 829
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of the nine trials, MGH is the sponsor; in six of the
nine trials, an MGH employee is either the primary
investigator or one of the primary investigators.

Discussion of completed SPCD trials

The SPCD has been used in four published studies in
depression to date, and is also being used in several
ongoing studies that address a variety of illnesses. In
the five reported studies (four published and one not
yet published) the SPCD has appeared to accomplish
its goal of increasing the efficiency of the design in
three ways:

m By utilizing response data from some subjects twice
(in stage 1 and 2);

m By enriching the data analysis with placebo non-
responders, hence decreasing the placebo response
rate in stage 2 in all cases and improving the drug
placebo difference in three cases;

m By permitting additional experiment-within-an-
experiment analysis to be accomplished with sub-
jects in groups other than placebo nonresponders,
providing important information in planning future
studies.

The trial testing L-methylfolate ([22], study 2) found
a two-sided p-value below 0.05. For this trial the
p-value was less than half of the p-value that would
have resulted in a conventional single stage trial with
the same sample size, equal patient allocation to pla-
cebo and drug, and the same observed response rates.
An even larger reduction of p-value was provided by
SPCD in the aripiprazole trial [21] and in another study
testing L-methylfolate ([22], study 1). Although the
results of the Alkermes Plc trial are not yet published,
on May 31 2013 the company reported in a press
release that this trial had a p-value of 0.026 [101].

Since the two stage approach of SPCD can provide
some evidence of effectiveness in either stage, very use-
ful information is obtained that can indicate that fur-
ther development is warranted, even if a p-value below
0.05 is not achieved. This was in fact the case with
the first study of L-methylfolate: a dose of 7.5 mg/day
proved ineffective; however, in that study the drug
nonresponders of stage 1 received a higher dose of
15 mg/day in stage 2, and several of the subjects then
responded. Therefore a second trial was conducted
with the higher dose (15 mg/day), which showed
significant efficacy with an ‘n’ of only 75.

When should the SPCD be used?

The SPCD can be used to study chronic conditions
that are not yet curable, such as asthma, arthritis,
hypertension, epilepsy, migraine headaches, diabetes,
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schizophrenia and cystic fibrosis, as well as many ill-
nesses for which treatment may generate remission,
in some cases lasting remission, such as for depres-
sion. This design can increase the efficiency of ran-
domized clinical trials, including proof-of-concept/
Phase II and registration trials, particularly in the
presence of high placebo response, but also in cases
of low placebo response. In Table 3, the Alkermes and
Euthymics trials are examples of Phase IT and IIT tri-
als, respectively.

We believe that SPCD can also be especially
advantageous in the following situations:

m Trials in pediatric and adolescent populations, since
they are difficult to recruit for and there is often a
desire to generate adequate power while minimizing
the exposure of young people to new compounds;

m Trials for orphan diseases, where recruitment is
often very difficult;

m ‘Postmarketing commitment’ trials (certain
Phase IV trials), when the sponsor may want to ful-
fill its commitment to conduct an adequately
powered trial for the smallest possible investment;

m Dose—response studies, since SPCD allows a sponsor
to compare a new treatment at several alternative
doses with placebo in the population of patients in
stage 1, and to compare some of the doses in placebo
nonresponders in stage 2.

To date, there have not been examples of SPCD trials
illustrating the first three cases above.

Although some researchers may have initially ques-
tioned the generalizability of the results of SPCD tri-
als, this trial design can actually have some benefits in
comparison with the results of a typical parallel trial.
First, typical trials often use placebo lead-ins. This is a
widely accepted design, even in Phase III trials. Argu-
ably, results of a placebo lead-in trial are less generalize-
able than those of an SPCD trial, because SPCD trials
do give weight to the results of all-comers. Second, in
clinical practice, patients that would be characterized
as ‘placebo responders’ often respond spontaneously,
before visiting a doctor, and therefore are not treated.
The more resistant patients (placebo nonresponders)
seek treatment. Therefore, a design that focuses on pla-
cebo nonresponders can in fact address the population
that new treatments seek to help.

Natural history of disease can contribute to placebo
response, and can be used to determine the relative
contribution of placebo and drug to individual out-
comes. An SPCD trial is typically longer than pla-
cebo lead-in or a single stage trial, with some patients
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staying on placebo or drug therapy for the duration of
the SPCD trial, thereby allowing the sponsor and the
FDA to obtain valuable data on response over time.

A key feature of assessing safety is understanding the
impact of a treatment over an extended time period.
With SPCD, each patient is treated longer than in
a standard trial design, with, as noted above, some
patients being treated with active treatment for the
entire trial while others are treated with placebo. For
this reason, the SPCD design has the potential to pro-
vide a more realistic assessment of safety, since drugs
are typically prescribed in clinical practice for a longer
period than the length of a normal trial.

When should the SPCD not be used?
There are circumstances when use of SPCD would not
be appropriate; for example:

m SPCD should not be used for condition that can
result in considerable deterioration or for which a
complete cure is possible; for example, infectious dis-
eases or acute illnesses.

m While the two stages can be of different lengths, each
stage in an SPCD trial is a true treatment stage, and
not a ‘lead-in’. Therefore, each stage should be long
enough to allow a treatment response. If the aggregate
length of the two stages of an SPCD trial would be
unacceptably long, then SPCD is not suitable. This
would typically involve a circumstance in which a
conventional single-stage trial would have a long
treatment duration for each patient (e.g., several
months or a year), and adding a second stage would
either, first, be very expensive; for example, if there
would be a need to very significantly increase the
number of visits and each visit is costly; or second,
lead to an unacceptably high number of dropouts
among the subjects who are included in the efficacy
analysis of stage 2 (i.e., among the placebo nonre-
sponders of stage 1). As to the first example, a trial
sponsor considering use of SPCD should weigh the
additional cost of each patient remaining in the trial
longer than ‘usual’ (i.e., for two treatment periods)
versus the cost saving from being able to reduce
sample size without reducing power, or the benefit of
risk reduction by gaining greater power for any spec-
ified sample size. As to the second example, of course,
conventional single stage trials experience dropouts.
The key question is, will there be many additional
dropouts during stage 2 of an SPCD trial. It may be
the case that patients who complete stage 1 are ‘per-
sistent’, and therefore will generally remain in stage
2. In fact, in the SPCD trials reported to date, only
approximately 10% of the placebo nonresponders
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from stage 1 have dropped out during stage 2. There-
fore, to date, the expected power of SPCD trials has
not been adversely affected by high dropout rates in
stage 2.

m Use of SPCD would not be suitable if it would be
inappropriate for any subject to be treated with pla-
cebo for the full length of the trial (i.e., during both
stages). This concern, however, is typically obviated
if the therapy under investigation is adjunct therapy.

Future perspective

SPCD was proposed by Fava ez al. more than 10 years
ago [2]. Since then, many researchers from academia,
industry and the FDA have reviewed SPCD in detail
and published their findings extensively.

Starting several years ago, adoption of SPCD began
to gain momentum, and now results of five trials have
been reported. We are unaware of any material problems
that have been associated with these trials. With respect
to the four published SPCD trials. SPCD has reduced
the observed placebo response in all cases, and in all
but one case has increased observed treatment—placebo
difference in stage 2 compared with stage 1.

We believe that, as more SPCD trials are reported,
adoption of SPCD will continue to accelerate. Poten-
tially, SPCD will become the standard approach used
is psychiatric trials, with substantial adoption also in
trials related to a wide range of other illnesses.

We believe that such widespread adoption would
provide significant public health benefits by accelerat-
ing the approval of new therapies, reducing the cost
of developing such therapies, and helping to avoid
wasted expenditures and patient exposure with respect
to therapies that are in fact ineffective.
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Executive summary

Background
m Randomized clinical trials in many medical conditions are subject to moderate-to-high rates of placebo response, reducing the
efficiency of the studies and increasing the chances of false-negative statistical results.

What designs have attempted to compensate for high placebo response rates?

m A common practice in conditions with a moderate-to-high placebo response is to use a placebo lead-in design, but meta-
analyses of placebo lead-in studies in depression indicate that there is no increase in the drug versus placebo difference from
typical single-blind placebo lead-ins, and little increase from longer or double-blind placebo lead-ins.

Why was the sequential parallel comparison design developed & how is it conducted?

m The sequential parallel comparison design (SPCD) was developed because attempts to resolve the problem of placebo response
using a placebo lead-in design have not been successful.

m In the SPCD, the study is conducted in two treatment stages, with the efficacy analysis including (a) all subjects in stage 1 and (b)
stage 2 data from only subjects who did not respond to placebo in stage 1, and relevant data from the two stages are pooled to
compute an overall p-value.

m Since data from some subjects are utilized from both stage 1 and 2, use of SPCD with a given sample size can generally provide,
for treatments that have at least some efficacy, a reduction in p-value compared with a conventional single stage parallel design,
even when placebo response rate is low.

What completed trials have used the SPCD design?

m This article provides information on 13 SPCD trials. The four studies with published results all involve patients with major
depressive disorder, likely due to the high placebo response rate in this condition. The nine other trials address schizophrenia,
bipolar disorder and depression, and test diverse conditions, therapies, formats and approaches.

When should the SPCD be used?

m SPCD is appropriate for pivotal and earlier stage trials, particularly when high placebo response rate is expected.

m SPCD is appropriate for trials in pediatric and adolescent population, since these trials are difficult to recruit for and there is often
a desire to generate adequate power while minimizing the exposure of young people to new compounds.

m SPCD is appropriate for trials for orphan diseases, where recruitment is often very difficult.

m SPCD is appropriate for ‘postmarketing commitment’ trials (certain Phase IV trials), when the sponsor may want to fulfill its
commitment to conduct an adequately powered trial for the smallest possible investment.

m SPCD is appropriate for dose-response studies, since SPCD allows a sponsor to compare a new treatment at several alternative
doses to placebo in the population of patients in stage 1, and to compare a selected optimal dose in placebo nonresponders in
stage 2.

When should the SPCD not be used?

m The SPCD is not appropriate for acute illnesses.

m The SPCD is not appropriate when a normal treatment period is long and therefore using two treatment periods is not feasible or
would be very costly.

m The SPCD is not appropriate when the percentage of dropouts after stage 1 among placebo nonresponders would be
unacceptably high.

m The SPCD is not appropriate when we do not want some patients to receive ‘placebo only’ during two treatment periods.
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