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The emergence of new molecular targets, together with the development of new approaches to neuropsychiatric diseases,
involving psychedelics as well as gene and cell therapies, are creating the need to improve the efficiency of mechanistic and/or
efficacy clinical trials. This review article will discuss a number of issues that have hampered our ability to detect therapeutic signals,
from excessive placebo/sham response rates to the imprecision of diagnostic and outcome assessments. In addition to reviewing
the limitations of current efficacy and mechanistic neuropsychiatric clinical trials, this review presents some of the methodological
approaches that may improve the overall performance of our neuropsychiatric trials, including the adoption of novel study designs
such as the sequential parallel comparison design and independent confirmation of the appropriateness of subjects’ enrollment. In
addition, this review will discuss several designs that make mechanistic clinical trials more precise.

Neuropsychopharmacology; https://doi.org/10.1038/s41386-023-01600-9

INTRODUCTION
We are currently experiencing a tremendous growth of neu-
roscience research, which is leading to the development of novel
therapies for neuropsychiatric disorders. The emergence of both
novel molecular targets and approaches to neuropsychiatric
diseases has re-energized the field of neuropsychiatric treatment
development, while creating the need to improve the efficiency of
mechanistic and/or efficacy clinical trials. Multiple methodological
issues have greatly limited our ability to detect therapeutic signals,
from excessive placebo/sham response rates to the imprecision of
diagnostic and outcome assessments. These issues have affected
some disorders (e.g., pain, mood and anxiety disorders, schizo-
phrenia) more than others (e.g., epilepsy, multiple sclerosis). In
addition to reviewing the limitations of current efficacy and
mechanistic neuropsychiatric clinical trials, this review will also
present some of the methodological approaches that may
improve the overall performance of our neuropsychiatric trials,
including the adoption of novel study designs such as the
sequential parallel comparison design. This review focuses
primarily on work carried out by our research group over the
past 30 years and is not intended to serve as a systematic or
comprehensive review of all the methods that have been
developed by the field to de-risk neuropsychiatric clinical trials.

LIMITATIONS OF CURRENT EFFICACY CLINICAL TRIALS IN
NEUROPSYCHIATRIC DISORDERS
Efficacy clinical trials in neuropsychiatric disorders are limited by a
number of factors which diminish the investigators’ ability to
detect therapeutic signals. These factors can vary across indica-
tions of the trials and across geographical areas (some trials have
better outcome in the US, others outside the US). Here are the
major factors:

(1) Excessive reliance on subjective endpoints: through the use
of clinician-rated and/or self-rated measures, many neurop-
sychiatric trials depend on the ability of these measures to
capture symptomatic and functional changes. Such mea-
sures may be valid and reliable, but may lack sensitivity, in
that they may perform less well than others in discriminat-
ing between the effects of active treatment and placebo. In
addition, in the case of the use of clinician-rated measures,
variability in level of training and experience among raters
may lead to poorer inter-rater reliability.

(2) Relative lack of ecological validity and generalizability: this is
a common problem, particularly in registration trials, which
tend to exclude many comorbid conditions primarily
because of the concern that these conditions may affect
their safety and tolerability reports. An analysis of the largest
clinical trial in major depressive disorder (MDD) utilizing
effectiveness trial inclusion criteria, the STAR*D study,
showed that, among 2855 participants, only 22.2% met
typical entry criteria for phase III clinical trials (efficacy
sample) and 77.8% did not (non-efficacy sample), suggest-
ing that phase III trials do not recruit representative
treatment-seeking MDD patients [1]. Similarly, a review of
placebo-controlled antidepressant efficacy trials published
over 20 years to determine whether there has been a
change in the symptom severity inclusion criterion thresh-
old showed that results of these trials may not be applicable
to less severely depressed patients who make up at least
half of the patients treated in routine clinical practice [2].

(3) Inappropriate enrollment of subjects: the strong enrollment
bias among investigators may lead to the inclusion of
subjects who may not meet the inclusion criteria. A
common aspect of this bias is the score inflation that
occurs when a severity of illness threshold is applied to
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enter a trial. A study reported by Mundt et al. [3] showed
that, in an MDD trial, the distributions of baseline scores of
the clinicians’ assessments of severity of illness were
severely skewed, with a correlation with an independent
self-rated method of severity of illness severity being only
0.50 at baseline, and the independent scores averaging 6.19
points less than clinician scores (p < 0.001). However, by
study end point, both assessment methods were more
concordant (correlation: 0.75; independent scores averaging
just 1.41 points lower than the clinician scores. Diagnostic
misclassification may also lead to the inclusion of subjects
who do not have the psychiatric or neurological disorder
under investigation. Such misclassification may be in some
cases the result of the poor specificity of the diagnostic
instruments used (thereby leading to a high rate of false
positives) or of the less than adequate inter-rater reliability
in the administration of diagnostic instruments, or of
clinician biases to enroll. “Professional patients”, or duplicate
subjects, are also a common problem in clinical trials, as
they may contribute to “noise” in clinical trials.

(4) Excessive placebo response rates: this phenomenon has
affected many neuropsychiatric conditions such as pain [4],
MDD [5, 6] and schizophrenia [6, 7], where we have clearly
seen rising placebo response rates in modern trials. A major
contributing factor to excessive placebo response rates is
represented by increased levels of expectations. Patients’
high expectations of improvement related to exposure to
study treatment may stem from a variety of factors, including
any previous exposure to treatments similar to the treatment
under investigation, similarities between study treatment and
prior treatments which had been effective for that individual,
emergence of physical and somatic symptoms on placebo
interpreted by the patient as evidence for assignment to
active treatment, the presence of an active, standard
comparator in the study design, general knowledge of the
efficacy of the study treatments, positive regard toward the
institution(s) where the study is carried out or toward the
study clinicians, and underlying cultural assumptions that
biological/device/drug treatments are effective [8]. Similarly,
clinicians’ expectations of patients’ improvement may derive
from factors such as similarities between study treatment and
prior treatments deemed to be effective for that individual,
emergence of physical and somatic symptoms on placebo
interpreted as evidence for patient’s assignment to active
treatment, the use of a standard comparator in the study
design, strong beliefs that the study treatments are effective
(e.g., through personal clinical experience), enthusiasm about
the clinical trial, and desire to have a positive trial (e.g., to
detect a signal of therapeutic activity) [8]. Papakostas and
Fava [9] investigated whether the likelihood of receiving
active treatment or placebo, a proxy of the degree of
expectation of improvement, would itself influence clinical
trial outcome. The data from 182 MDD clinical trials were
pooled (n= 36,385), with response rates for drug and
placebo being 53.8 and 37.3%. A meta-regression (random-
effects) established that the probability of receiving placebo
was an independent predictor of the risk ratio of responding
to antidepressants vs. placebo. Specifically, a greater prob-
ability of receiving placebo predicted greater antidepressant-
placebo “efficacy separation” [9].

LIMITATIONS OF CURRENT MECHANISTIC CLINICAL TRIALS IN
NEUROPSYCHIATRIC DISORDERS
One of the major challenges in evaluating possible mechanisms
related to the therapeutic effects of neuropsychiatric treatments is
the inability to dissect what constitutes the actual effect of the
treatment vs. what represents non-specific/placebo-like effects

within a given patient. In fact, nested within the response to active
neuropsychiatric therapy there is typically a placebo response that
could be substantial. As previously pointed out [10], one may
classify treated patients in a neuropsychiatric clinical trial based on
each participant’s propensity to respond to a given type of
treatment. The “D−P−” population comprises patients who are not
responsive to both active treatment (D) and inactive, placebo
treatment (P). In neuropsychiatric trials in nonresistant populations,
the D−P− group typically represents 30–50% of the populations.
The “D+P+” population comprises patients who are responsive to
either active (D) or placebo (P) treatments and represents the
intrinsic placebo response rate of the population under investiga-
tion. The placebo/sham response rate varies across neuropsychia-
tric disorders but may be as high as 50% [11]. The third population
(“D+P−”) comprises patients who are responsive to active
treatment but not to placebo/sham, and therefore represents the
most informative group of patients. Therefore, in a mechanistic
study of a neuropsychiatric treatment, the “D+P+” group is nested
within the active treatment response and therefore either blunts
the signal or even interferes with the true signal. The extent of such
confounding effect can be very large when the drug-placebo
difference in response rates is relatively small.

THE PLACEBO EFFECT AS A MAJOR CONFOUND IN
NEUROPSYCHIATRIC TRIALS
The progressive rise in placebo/sham response rates over the past
few decades has posed a significant challenge to neuropsychiatric
clinical trials. The higher the placebo response rates, the smaller
the effect sizes for active treatments. In fact, in a meta-analysis of
monotherapy, FDA-approved antidepressant trials in MDD by
Iovieno and Papakostas [12], a higher placebo response rate
correlated with a lower risk ratio of responding to antidepressant
vs. placebo (p < 0.001) and correlated with higher antidepressant
response rates (p < 0.001), with the number needed to treat for
response being ~4, 6, and 9 in trials with placebo response rates
<30%, ≥30% and <40%, and ≥40%, respectively. This work implies
that a trial’s ability to detect a therapeutic effect is a function of
how well managed the placebo response is. It is therefore
essential that investigators adopt strategies aimed at reducing the
placebo response and the following sections will describe some of
these strategies.

THE IMPORTANCE OF CAREFUL SUBJECT SELECTION
As mentioned above, “professional patients”, or duplicate subjects,
are a common problem in clinical trials and may threaten the
integrity of these studies. A number of digital platforms have been
developed to identify duplicate subjects and allow investigators to
exclude these subjects from trials. Furthermore, to avoid the issues
of diagnostic misclassification and severity of illness grade
inflation discussed above, it is critical to ensure that the right
patients get into the trial. Patients enrolled in neuropsychiatric
clinical trials may present with a heterogeneous group of
symptoms representing several syndromes or subtypes, sub-
sumed under the same diagnosis in the DSM-5 classification
system [13]. Thereby, enrolled patients may not have the “valid”
illness characteristics of interest to the particular study, as a “valid”
patient should have the primary symptoms that the novel
treatment is supposed to affect. We developed operational criteria
to delineate a more symptom-specific and ecologically valid
approach to the identification of the “valid” patient for clinical
trials through an independent interview, called the SAFER
interview. In a study from our group [14] we assessed whether
these remotely performed multifaceted, centralized structured
SAFER interviews can potentially enhance signal detection by
ensuring that enrolled patients meet eligibility criteria by
including a pooled analysis of nine studies that utilized the SAFER
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interviews. We found that, overall, 15.33% of patients who had
been deemed eligible at research sites were not eligible after the
structured interviews, with the most common reason was that
patients did not meet the study requirements in terms of
treatment history. In these MDD trials utilizing the SAFER
interviews as a tool to confirm eligibility, placebo response rates
ranged between 13.0 and 27.3%, below the 30 to 40% average in
antidepressant clinical trials, suggesting a benefit of the quality
assurance provided by these interviews [14]. The main limitation
of the SAFER approach concerns its use in conditions where a
remote interview may not capture fully the clinical picture or in
patients whose neuropsychiatric histories are quite recent and
uncertain in nature.

CENTRALIZED RATINGS
Over the past few decades, we have seen the frequent adoption of
centralized ratings to address the problems of clinician bias and
measurement error in trials of MDD, schizophrenia, and Alzhei-
mer’s Disease. The use of centralized raters who are remotely
linked to sites and/or patients and interview patients via
videoconferencing or teleconferencing has been suggested as a
way to improve interrater reliability and interview quality. A study
comparing the effect of site-based and centralized ratings on
patient selection and placebo response in subjects with MDD
found that site-based raters’ depression scores were significantly
higher than centralized raters’ at baseline and postbaseline but
not at endpoint and that the mean placebo change for site raters
was significantly greater than the mean placebo change for
centralized raters [15]. Another MDD study comparing different
approaches to the assessment of depression severity, including
centralized ratings, found that patient self-ratings had greater
depression severity at baseline than either site-based ratings or
centralized ratings, but significantly lesser depression severity at
the end of double-blind treatment than either site-based or
centralized ratings [16]. However, the greater importance of the
proper subject selection over centralized ratings has been
evidenced by a study by Ratti et al. [17]. This study evaluated
the efficacy in MDD of a selective NK1 antagonist orvepitant
(GW823296) through two identical trials conducted in the US
(Studies 733 and 833). In these trials, randomized patients with
MDD assigned to double-blind treatment with orvepitant 30 mg/
day, orvepitant 60 mg/day or placebo (1:1:1) were evaluated with
the SAFER interview to confirm study eligibility in Study 733, while
all the efficacy assessments were administered by the site raters,
whereas in Study 833 all the assessments were performed by
central raters, but there was no SAFER interview to independently
confirm the inclusion criteria [17]. While Study 733 (n= 328)
demonstrated efficacy on the primary endpoint for both doses of
the active treatment (estimated drug-placebo differences of
30mg: −2.41, 95% confidence interval (CI) (−4.50 to −0.31)
p= 0.0245; 60 mg: −2.86, 95% CI (−4.97 to −0.75) p= 0.0082),
Study 833 (n= 345) did not show statistical significance for either
dose of the active treatment (estimated drug-placebo differences
of 30mg: −1.67, 95% CI (−3.73 to 0.39) p= 0.1122; 60 mg: −0.76,
95% CI (−2.85 to 1.32) p= 0.4713) [17]. These results support the
hypothesis that careful subject selection, such as in the case of
one aided by SAFER interview, followed by site ratings during the
trial, provides a greater chance of detecting a therapeutic signal
than an approach of central ratings throughout the trial with
highly reliable raters.

THE IMPORTANCE OF INCORPORATING NOVEL OUTCOME
MEASURES
When we examine some of the gold standards of the clinician-
rated measurements of illness severity in conditions such as
anxiety, depression, and pain, one is struck by the observation that

most of these scales were developed in the 1950s, 1960s, 1970s,
and 1980s as in the case of the Hamilton Rating Scale for Anxiety
(HAM-A; [18]), the Hamilton Rating Scale for Depression (HAM-D;
[19]), the Montgomery-Åsberg Depression Rating Scale (MADRS;
Montgomery and Asberg, [20]), and the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) [21]. While
the diagnosis and the characterization of these disorders has
markedly evolved over time, the reliance on instruments that were
developed decades ago and that reflect the nosology at the time
they were developed may create issues when assessing improve-
ment following novel drug or device treatments. An example of
this is in the field of MDD, where there is now robust evidence that
cognitive impairments, such as diminished memory, concentra-
tion, and executive function, are important symptoms of this
disorder [22] and are often inadequately treated with standard
antidepressants [23]. As novel drug treatments for MDD target
neurogenesis and synaptogenesis and may therefore have distinct
pro-cognitive effects, the fact that both the HAM-D and the
MADRS minimally assess cognitive impairment, while focusing, at
least in the case of the HAM-D, on symptoms that are far less
common in MDD such as lack of insight and hypochondriacal
concerns, may hamper one’s ability to estimate the antidepressant
effects of these new treatments. In fact, in a Phase 2 trial assessing
the antidepressant efficacy in MDD of a neurogenesis-promoting
compound, NSI-189, showed that 40 mg/day of this compound
was significantly more efficacious than placebo with the
Symptoms of Depression Questionnaire (SDQ), a well-validated
44-item self-rating depression measure capturing our more
modern nosology of MDD [24], whereas the drug-placebo
difference was not statistically significant on the MADRS [25].
The Major Depression Inventory (MDI) was developed as a well-
validated clinician-rated instrument to cover the universe of
depressive symptoms in DSM-IV major depression and in ICD-10
depression (mild, moderate, severe), with its summed total score
being used as a measure of depression severity, outperforming
older self-rating scales for depression [26]. It is therefore important
that regulatory agencies begin to recognize the fact that more
modern instruments to measure symptom changes in neuropsy-
chiatric trials may be better suited to capture the true benefits of
novel treatments than the old gold standards.

DESIGNS THAT MINIMIZE THE PLACEBO EFFECT
A number of methodologies and designs have been developed
and implemented over the years to minimize the placebo effect.
Some of these designs have focused on improving the precision of
the trial assessments, others on improving the quality of the
subjects recruited for the trial, others on the actual design of the
trial.

(1) Rater training and monitoring
Since the lower the test-retest reliability of the assess-

ments, the greater this artifactual response rate to placebo
can be, rater training programs have proliferated over the
past four decades, and such programs have become a
standard in the pharmaceutical industry. However, there is
very little or no evidence of their usefulness [8]. Although
ongoing monitoring and feedback to raters has also been
shown to decrease error rates and improve internal
consistency of ratings [27], once again the usefulness of
this approach in diminishing placebo response remains to
be fully established.

(2) Independent assessment of subject eligibility
As mentioned earlier, the importance of the proper

subject selection through independent assessments has
been confirmed by a study by Ratti et al. [17], where the trial
that utilized the independent SAFER interview to confirm
study eligibility outperformed the trial where all the
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assessments were performed by central raters. It is clear that
reliance solely on the site raters to determine subjects’
eligibility is quite risky, given the possibility of strong
enrollment biases among them. The independent adjudica-
tion of the appropriateness and validity of the enrolled
subject confers greater confidence that the inclusion criteria
are truly met [16].

(3) Single-blind placebo lead-in
Placebo lead-in phases were initially designed to screen

out patients who were likely to respond to placebo during
the double-blind phase. However, such lead-in phases have
been typically single-blinded periods of 1 or 2 weeks, during
which the patients are unknowingly treated with placebo/
sham, but their clinicians are aware of the placebo/sham
treatment. The main limitation of this design is that it may
potentially lead to clinician biases in underestimating
improvement during the lead-in phase, and to verbal/non-
verbal communications of low expectations of improvement
to patients (e.g., emphasizing strongly to patients that no
clinical effect is expected in the first weeks of treatment) [8].
Consistent with this view, an analysis of 75 double-blind
trials which had been conducted among patients with MDD
and had been published between January 1981 and
December 2000, showed no statistically significant associa-
tion between the proportion of responders to placebo in
studies of patients with MDD and the presence of a lead-in
phase [11]. These findings are consistent with those by
Trivedi and Rush [28] who showed that the average placebo
response rate of studies that used a placebo lead-in phase
did not differ significantly from that of studies that did not
use a placebo lead-in. They are also consistent with the
findings of a more recent systematic review and meta-
analysis suggesting that randomized clinical trials (RCTs)
using single-blind placebo run-in periods yield smaller
within-group changes across both placebo and drug groups
compared with RCTs without the run-in periods [29]. Since
the reduction in effect size across groups was equivalent in
magnitude, studies using single-blind placebo run-in
periods do not observe larger drug-placebo differences,
suggesting that they do not increase trial sensitivity [29].
The authors concluded their review by stating that “given
the resources and probable deception required and risk to
external validity, the practice of using single-blind placebo
run-in periods in RCTs of antidepressants should be ended
[29].”

(4) Double-blind placebo lead-In
The double-blind fixed or variable placebo lead-in period

was designed to address the limitations of the single-blind
placebo lead-in. In these designs, both patients and
clinicians are blinded to the presence and, in the case of
its variable form, the length of the placebo lead-in period.
Although all patients continue in the study (including
placebo lead-in responders), the primary efficacy analysis
prospectively excludes double-blind placebo lead-in respon-
ders. Faries et al. [30] conducted, using a variable double-
blind placebo lead-in, two MDD trials of duloxetine, an FDA-
approved antidepressant, and found that, while one trial
resulted in an increased drug-placebo treatment difference,
there was no effect on the treatment difference in the other
study. Accordingly, a number of subsequent failed trials
using the double-blind placebo lead-in [31–33] have
markedly diminished the enthusiasm for this design.
Interestingly, a comparison of the failed Forward-3 trial of
the buprenorphine/samidorphan combination utilizing the
double-blind placebo lead-in [33] with the three trials of the
same combination utilizing the sequential parallel compar-
ison design (SPCD) [34, 35] shows a markedly lower placebo
response rate during the first stage of the Forward-3 trial,

utilizing the double-blind placebo lead-in, compared to the
first stage of the other three SPCD trials, and markedly
greater drug-placebo difference in the three SPCD trials in
the second stage compared to the Forward-3 trial, where
the drug-placebo difference was negligible (0.2 points on
the MADRS) [33–35]. The failure to enhance the drug-
placebo difference with the double-blind placebo lead-in
could be attributed to the functional unblinding of clinicians
who may end up guessing the presence of a double-blind
lead-in based on the absence of adverse events deemed
related to drug treatment during the first period. In addition,
the cost of implementing trials that may not improve the
ability to detect a therapeutic signal and, at the same time,
exclude a priori from the analysis responders to this double-
blind lead-in phase that remain in the study is significant
and might make this design unlikely to be adopted in future
neuropsychiatric trials. In addition, as in the case of the
single-blind placebo lead-in period, this approach also
requires deception, making it perhaps less acceptable
to sites.

(5) Sequential parallel comparison design (SPCD)
Twenty years ago, David Schoenfeld and I developed the

sequential parallel comparison design (SPCD), a novel study
design aimed at reducing both the placebo response rate
and the sample size requirement, thereby markedly low-
ering the expense and time required to evaluate the efficacy
of new therapeutic compounds [8]. In an SPCD trial, there
are two stages of treatment, typically of equal duration. The
first phase involves an unbalanced randomization between
placebo and active treatment with more patients rando-
mized to placebo (the typical randomization ratio for
placebo/active is 3:1 or 2:1). As described in Fava et al. [8],
at the end of Stage 1, placebo non-responders are re-
randomized to either active treatment or placebo during
Stage 2, whereas placebo responders during Stage 1 stay on
placebo during Stage 2 and patients treated with drug
during Stage 1 continue to stay on drug during Stage 2,
although the data of these two groups in Stage 2 are not
utilized (see Fig. 1).

Stage 1 of SPCD is aimed at comparing drug and placebo in a
standard parallel comparison design fashion, with drug-placebo
differences being expected to be standard, while generating a
large cohort of placebo non-responders for the second stage (this
is why the randomization ratio favors placebo). Stage 2 is aimed at
comparing drug and placebo only among Stage 1 placebo non-
responders, with drug-placebo differences being expected to be
greater and placebo responses being markedly lower, as these
patients on Stage 2 have already “failed placebo”. In fact, Table 1
reports the changes in depression severity on placebo in Stages 1
and 2 of eleven SPCD trials in MDD that have been completed
since the introduction of the design (randomized n > 30) and
whose results have been either reported on clinicaltrials.gov or
published in the literature, showing that the reduction in the
degree of improvement on active treatment (51%) is markedly less
than the reduction on placebo (37%). Such difference is likely to
be an underestimate because some of the active treatments
evaluated in those eleven trials were not necessarily effective, as in
the case of riluzole. Since the lower the placebo response rates,
the greater the effect sizes for active treatment, as shown in the
meta-analysis of monotherapy, FDA-approved antidepressant
trials in MDD by Iovieno and Papakostas [12], this marked
reduction in the degree of improvement on placebo in Stage 2 is
meant to enhance the ability to detect a therapeutic signal. A
variant of SPCD involves the re-randomization of placebo
responders as well, as implemented in an SPCD trial of the
combination of dextromethorphan and quinidine in the treatment
of agitation in Alzheimer’s Disease patients [36]. Another variant of
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SPCD involves having the patients assigned to drug in Stage 1 go
on placebo, as implemented in an MDD study of the combination
of buprenorphine and samidorphan [34]. When these two variants
are combined, there is the opportunity to have an ABBA crossover
trial nested within the SPCD trial, with the latter typically being a
secondary or exploratory analysis (given the risk of carry-over
effects for crossover trials).
A clear limitation of this design is that it may not be applicable

to drugs or devices which require a significant dose titration or
ramp up period or whose effects take 12 weeks or longer, given
the need to double the duration of the trial. Since in conditions
like pain, schizophrenia, and anxiety and mood disorders, 4 weeks
of treatment are typically considered adequate, SPCD may be
particularly well-suited for these populations, with the overall
duration of the trial likely to be acceptable to patients. The great
majority of the SPCD trials have been in Phase 2 programs, with
only three trials thus far being in Phase 3 programs. A summary of
a March 25, 2016 Workshop with the FDA focused on SPCD to
discuss some of the regulatory issues is available on the Mass
General Hospital website (https://mghcme.org/sprig/). One of the
issues raised in that workshop was the type 1 error. It has been

subsequently shown that the type I error rate is preserved for
SPCD trials for both continuous [37, 38] and binary [39] outcomes.
The SPCD analysis pools the data from both phases in order to

maximize power and reduce the required sample size. Data from all
eligible subjects randomized in Stage 1 are utilized at least once,
whereas data in Stage 2 are utilized only from placebo non-
responders and are pooled with those from Stage 1. Over the past
20 years, many biostatisticians have reviewed SPCD and have
recognized that there are a number of efficient methods of
aggregating the outcome data that take into account the potential
correlation of observations from subjects included in more than
one stage, and that there are a number of valid test statistics that
preserve the type 1 error rate. A large number of analytical methods
for SPCD trials have been proposed by authors from academia,
industry and FDA for both categorical [8, 37] and continuous data
[38, 40, 41]. A variant of the SPCD design was mentioned in the
original article by Fava et al. [8] and has been implemented in
several multi-center trials, with pre-randomization to three
sequences: drug-drug, placebo-drug, and placebo-placebo [42, 43].

DESIGNS THAT MAKE MECHANISTIC CLINICAL TRIALS MORE
PRECISE
As mentioned earlier in this review, the “D+P+” population, which
comprises patients who are responsive to either active (D) or
placebo (P) treatments and represents the intrinsic placebo
response rate of the population under investigation, is nested
within the active treatment response and therefore either blunts
the signal or even interferes with the true signal. Therefore, a
mechanistic clinical trial examining possible changes in specific
biomarkers and their relationship to clinical improvement is
confounded by the fact that the degree of symptomatic
improvement is not always caused by the treatment itself, but
instead may be in part or wholly due to non-specific/placebo-like
effects. Three approaches could be used to minimize the
confounding effects of the placebo effects nested within the
response to active treatment:

(1) To focus the study on a population that is relatively resistant to
standard therapies, that is relatively enriched in the “D−P−”
patients who are not responsive to both active treatment (D)
and inactive, placebo treatment (P). Their history of resistance
to treatment could be considered a proxy for lesser likelihood
to respond to placebo and therefore one could assume that
changes in biomarkers would actually reflect the true
mechanism by which the treatment works. The main issue
with this approach is that clinical trials on resistant populations
have shown robust placebo responses, as in the case of
augmentation trials in major depressive disorder (MDD) [44].

Table 1. Degree of change on placebo vs. drug in Stage 2 vs. Stage 1
in MDD trials.

Clinical
Trial.Gov #

Placebo
MADRS
change
in Stage
1 (S1)

Placebo
MADRS
change
in Stage
2 (S2)

Percent
change
S2/S1
placebo

Percent
change
S2/S1
drug

NCT01500200 9.9 2.1 21% 66%

NCT02158533 11.1 2.2 20% 30%

NCT02218008 8.1 2.1 26% 33%

NCT03188185 11.4 4.2 37% 34%

NCT00683852 8.1 3.3 41% 68%

NCT01998958 9.7 6.8 70% 82%

NCT02695472 10.8 2.0 19% 29%

NCT01204918 5.3 3.9 73% 66%

HAMD
change
in S1

HAMD
change
in S2

NCT03018340 7.5 2.1 28% 29%

NCT00321152 6.3 2.1 33% 72%

NCT00321152 4.4 1.7 39% 51%

Average percent change Stage 2/Stage 1: 37% for placebo 51% for drug.

First randomization

Re-randomization

Drug stage 1

Placebo responders

Placebo non responders

Placebo stage 1

Drug stage 2

Placebo stage 2

Drug stage 2

Placebo stage 2

Stage 1 Stage 2

Primary efficacy analysis set

Fig. 1 Sequential Parallel Comparison Design (SPCD). Typical structure of SPCD, with two stages of equal duration and re-randomization at
the end of Stage 1 of placebo non-responders to either staying on placebo or going into active drug. The primary efficacy analysis set includes
all subjects in Stage 1 and only placebo non-responders in Stage 2.
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The presence of a substantial proportion of “D+P+” patients
who are responsive to either active (D) or placebo (P)
treatments will once again undermine the ability of this
design to provide more precise assessments of the mechan-
isms involved in the response to active treatment.

(2) To adopt a study trial where patients are crossed over from
placebo to active treatment, such as a simple ABBA crossover
design or the SPCD. By focusing on patients who have not
responded to placebo in the first period/stage of either the
crossover design or SPCD, one can assume that having failed
to respond to placebo could be considered a proxy for lesser
likelihood to response to placebo in the second period/stage,
therefore hypothesizing that changes in biomarkers would
actually reflect the true mechanism by which the treatment
works. The main issue with using a crossover design for this
purpose is that those treated with placebo in the first period/
stage are crossed over only to active treatment, not allowing
an estimate of the placebo effects nested within the
response to active treatment, since response to placebo
can occur in a delayed fashion. Utilizing the SPCD for this
purpose instead allows one to estimate the contribution of
the degree by which placebo effects are nested within the
response to active treatment, given the randomization of
placebo non-responders at the end of the first period/stage
to either active treatment or placebo/sham. For example, in
an augmentation trial using SPCD in major depressive
disorder (MDD), the Montgomery-Asberg Depression Rating
Scale (MADRS) response rates were 5% for placebo and 50%
for the active treatment (2mg and 2mg of the buprenor-
phine/samidorphan combination) [34]. Therefore, changes in
biomarkers related to improvement in an active treatment so
robustly greater than the one observed on placebo suggests
that the changes on active treatment are primarily mechan-
istically related to the treatment under investigation.

(3) To pharmacologically manipulate the placebo effects nested
within the active response so that they are minimized. A
study by Peciña et al. [45] evaluated with a neuroimaging
paradigm the neurochemical mechanisms underlying the
formation of placebo effects in patients with MDD and found
that reductions in depressive symptoms after 1 week of
active placebo treatment, compared with the inactive
placebo treatment, were associated with increased placebo-
induced μ-opioid neurotransmission in a network of regions
implicated in emotion, stress regulation, and the pathophy-
siology of MDD, namely, the subgenual anterior cingulate
cortex, nucleus accumbens, midline thalamus, and amygdala.
Their findings suggest co-administration of the active
treatment with a μ-opioid antagonist may minimize the
placebo effects nested within the active response. This
approach has not been tested yet, but it is certainly very
intriguing and represents a possible approach to making
mechanistic clinical trials more precise.

DESIGNS THAT ADOPT PRECISION MEDICINE APPROACHES
There is a clear focus in adopting precision medicine approaches
to neuropsychiatric trials. Many companies are adopting
approaches to psychiatric drug development matching the right
patient with the right drug/device, utilizing clinical phenotypes,
standard biomarkers, and AI-derived brain biomarkers.

DESIGNS THAT LEVERAGE BIOMARKERS’ ABILITY TO IDENTIFY
MECHANISMS AND TO DEMONSTRATE THE IMPORTANCE OF
SPECIFIC PATHWAYS
The robust advances in the neuroscience of neuropsychiatric
disorders have led to the identification of biomarkers that may be

tied specifically to the mechanism of action of the treatment. An
example of this is the use of positron emission tomography (PET),
a medical imaging technique, in clinical trials of novel drugs
against Alzheimer’s disease (AD). PET data contributed to the
conditional approval in 2021 of aducanumab, an antibody
directed toward amyloid-beta (Aβ) aggregates, by showing a
dose-dependent reduction in brain amyloid after treatment [46]. It
has also been suggested that, in parallel to clinical studies,
preclinical studies in animal models of Aβ pathology may also
benefit from PET as a tool to detect target engagement and
treatment effects of anti-Aβ drug candidates [46]. Many other
designs utilizing both peripheral and central biomarkers have
been developed to demonstrate “target engagement” of novel
neuropsychiatric treatments and it is likely that we are going to
see a marked growth of these approaches in Phase 1 trials, with
the goal of optimizing the target dose.

SUMMARY
This review has outlined some of the major limitations of the
current approaches to neuropsychiatric treatment development,
with a focus on those factors that negatively affect both efficacy
and mechanistic clinical trials in neuropsychiatric disorders. The
remarkable growth of placebo responses in these trials is certainly
a major culprit, but other factors play a key role as well, such as
the excessive reliance on subjective and obsolete endpoints and
the inappropriate enrollment of subjects. Another important issue
is that standard neuropsychiatric clinical trials do not fully leverage
the tremendous growth of neuroscience research, leading to the
development of novel therapies for neuropsychiatric disorders. As
mentioned earlier, the emergence of new molecular targets,
together with the development of new approaches to neuropsy-
chiatric diseases, involving both devices and gene and cell
therapies, are creating the need to improve the efficiency of
mechanistic and/or efficacy clinical trials. This review has also
presented some of the methodological approaches that may
improve the overall performance of our efficacy and mechanistic
neuropsychiatric trials, including the adoption of novel study
designs such as SPCD and independent confirmation of the
appropriateness of subjects’ enrollment.
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