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ABSTRACT

Clinical trials with investigator sponsors at academic sites have increased, in part due to studies involving drug repurposing,

the process of identifying new uses for existing drugs that are initially conducted in patients rather than healthy participants. In

contrast to industry- or government-sponsored trials, investigator-sponsored clinical studies, also known as investigator-initiated

trials, are typically conducted at one or several academic centers and are resource-limited by finances and patient numbers.

These studies can serve as crucial pilot studies to inform the design of larger, more definitive clinical trials. Drawing from the ex-
perience of working with clinical researchers in academic settings, this tutorial presents guidelines for writing clinical protocols
for resource-limited investigator-sponsored studies that meet international standards and optimize the detection of meaningful

signals or outcomes that can lead to investigation in larger well-controlled trials.

1 | Introduction

The clinical trial protocol is a roadmap that provides sufficient
detail to understand the background, rationale, objectives, study
population, interventions, methods, statistical analyses, ethical
considerations, and conduct of a clinical trial [1]. It allows oth-
ers to confirm and extend key aspects of the trial and permits
appraisal of its scientific and ethical rigor. The importance of a
well-written protocol has been emphasized by journal editors,
reviewers, researchers, and public advocates [1].

The classical phased model of drug development, outside of on-
cology, usually entails an initial Phase 1 study in 40-60 healthy
participants, often involving sequential cohorts of 8 participants
(6 active, 2 placebo) in an ascending dose escalation, initially
with cohorts receiving single doses and then multiple doses for
treatment up to 14days. These studies may determine safety,
pharmacokinetics (PK), pharmacodynamics, and maximum
tolerated dose (the highest dose of treatment that does not cause

unacceptable side effects). With nontoxic therapies, the highest
initial dose is often determined by preclinical safety and PK re-
sults or halting of dose escalation based on a physiological effect
in human cohorts. Subsequent doses in multiple-dose cohorts
are based in part on PK and safety from the single-ascending
dose phase. Phase 2 estimates initial clinical activity and safety
in patients to determine the best endpoints, doses, and sig-
nal strength. Phase 3 confirms efficacy, usually in two well-
controlled trials (or single trials with more stringent criteria,
usually for rare conditions with high unmet medical needs), and
establishes the safety profile in a larger number of patients [2, 3].

Early-stage clinical studies in academic settings that are sponsored
by investigators rather than organizations or companies are often
limited in resources (operational, financial, patient number), which
challenges the ability to detect clinically relevant effects. This tu-
torial for writing clinical protocols for investigator-sponsored pilot
studies is intended to highlight approaches that can better maxi-
mize the ability to detect meaningful signals or outcomes.
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2 | Investigator-Sponsored Trials

In an investigator-sponsored trial, the investigator rather than
a company, institution, or organization files the Investigational
New Drug (IND) application and is the responsible party for the
design, conduct, and analysis of the clinical investigation. Such
trials often involve drug repurposing, the process of identify-
ing new uses for existing drugs or active substances. As a re-
sult, the initial human clinical studies are conducted in patients
rather than healthy participants because safety and PK data are
available from studies of the previously approved indication.
These initial phase 1b or 2a studies can employ dose-escalation
or parallel-group designs involving various controls (e.g., pla-
cebo, historical, standard of care) to determine dose ranging,
PK, safety, and preliminary efficacy. In contrast to industry-
or government-sponsored trials, investigator-sponsored clini-
cal studies are typically conducted at one or several academic
centers, with fewer finances and operational resources, includ-
ing the number of study participants. Despite these concerns,
investigator-sponsored clinical studies usually have sufficient
ability to evaluate for preliminary evidence of safety, efficacy,
and variability, including the presence of biological activity
predictive of clinical outcomes by close attention to protocol
development.

3 | Protocol Development for
Investigator-Sponsored Clinical Trials

3.1 | Impact of Protocol Deficiencies
and CONSORT/SPIRIT Initiatives

Clinical trial protocols are read by a wide range of individuals,
including investigators and study staff (e.g., coordinators, phar-
macists, biostatisticians), Institutional Review Board (IRB) or
Ethics Committee (EC) members, regulatory agency physicians/
scientists, scientific reviewers, public advocates, the general
public (through a clinical trial registry or if the journal publish-
ing the study requires or allows the protocol to be included as a
supplemental appendix), and industry or venture capital firms
doing due diligence for funding/licensing.

The impact of protocol deficiencies can be profound and lead
to poor trial conduct, protocol amendments, unreliable results,
jeopardized publication, and an inability to judge the reliabil-
ity and validity of findings important for systematic reviews
[4]. This can lead to problems varying from misinterpretation
of entry criteria, varying conduct of the trial across the study
participants, misapplication of methods by others trying to rep-
licate or extend trial findings, or other aspects of the trial that
impact the integrity of the data. Furthermore, studies that enroll
and expose participants to risk but are not designed properly for
accurate evaluation of the study objectives are unethical.

The CONSORT (Consolidated Standards of Reporting Trials)
Statement was an initial and important initiative to improve
the reporting results of parallel-group randomized clinical tri-
als [5, 6]. Subsequently, the SPIRIT (Standard Protocol Items:
Recommendations for Interventional Trials) Initiative was an
international project involving 115 key stakeholders, including

trial investigators, healthcare professionals, methodologists,
statisticians, trial coordinators, journal editors, and repre-
sentatives from the research ethics community, industry, and
regulatory agencies to identify protocol deficiencies and draft
guidelines for the minimum content of a clinical trial proto-
col [1]. This initiative identified major deficiencies, of which
the most common were in describing the primary outcome,
treatment allocation methods, use of blinding, methods for
reporting adverse events, components of sample size calcula-
tions, and prespecified data analyses. As a result, SPIRIT pro-
vides a checklist of the minimum set of items to be addressed
in protocols, consistent with the International Conference on
Harmonisation (ICH) Good Clinical Practice E6 guidance, trial
registration requirements from the World Health Organization,
the International Committee of Medical Journal Editors, Clini
calTrials.gov Registry, the European Commission, and others
[1]. The SPIRIT-Outcomes 2022 [7] and SPIRIT-Surrogate [8]
extensions expanded the SPIRIT 2013 statement with additional
recommendations. This article will now review the key guide-
lines to consider during trial design and protocol development
of investigator-sponsored clinical studies.

3.2 | Where to Begin: Clinical Trial Templates
and Complete Protocols

There are many protocol templates available online, typi-
cally associated with a university's research hub to guide fac-
ulty in writing investigator-sponsored protocols. However,
many publicly available templates of clinical trial protocols are
written as outlines and may lack relevant detail. Excellent re-
sources for publicly available clinical trial protocol templates
are SPARK at Stanford [9] with guidance language preced-
ing sections that contain full protocol language, University
of California, San Francisco [10], University of Pennsylvania
[11], and the US National Institutes of Health-Food and Drug
Administration [12]. While complete protocols are increasingly
available in appendices of journals reporting late-stage clin-
ical trial results, they may contain sections and information
that are not necessary for early investigator-sponsored trials.
Continued efforts to improve and standardize protocol writ-
ing have led the International Council for Harmonisation of
Technical Requirements of Pharmaceuticals for Human Use to
release a draft guidance document for a clinical trial protocol
template [13].

4 | Components of a Clinical Protocol

There are differences in the format and level of detail between
protocols depending upon their phase, design, template being
used, and styles. Key categories that should be in protocols, with
subdivisions in some categories, are summarized in the ICH
Good Clinical Practice E6 guidance for clinical trials whose data
are intended for submission to regulatory authorities. These
categories are also consistent with the SPIRIT Initiative, trial
registration requirements from the World Health Organization,
the International Committee of Medical Journal Editors, the
European Commission, and other regulatory bodies. Table 1
shows the categories to be discussed in the current article.
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TABLE 1 | Categories for an investigator-sponsored clinical study

protocol.

Category

Subcategory

Introduction
Objectives
Endpoints
Investigational Plan

Outline of Visit
Schedule

Schedule of Events

Discussion of Design

Rationale for design and controls
Rationale for doses and dosing
Rationale for assessments
Rationale for endpoints

Data Analysis Methods Determination of Sample Size
Efficacy and Safety Variables
Statistical and Analytic Plans
Interim Analyses/Data
Monitoring Committees
Study Population
Treatments

Adverse Events

Serious Adverse Events
Reporting Requirements

Quality Control and

Quality Assurance

Administrative, Ethical Review
Ethical, and Regulatory Regulatory Considerations
Considerations Study Documentation, Privacy,

and Records Retention
Declaration of Interests
Data Availability Statement
Study Finances
Publication Statement

4.1 | Introduction

The four-step approach is most helpful: Disease, Investigational
Treatment, Relationship of Treatment to Disease (i.e., ratio-
nale for use of the drug for a disease that includes relevant
nonclinical, preclinical, and clinical data), and Risk/Benefit.
Introductions of academic protocols can often be long and do
not need to extensively review the literature or contain all the
nonclinical and preclinical information. This is best summa-
rized in the Investigator's Brochure, which is a compilation of
clinical and nonclinical data about the investigational prod-
uct that is the focus of the study; for repurposed indications,
this may be the package insert for the already marketed drug.
Instead, the introduction to an investigator-sponsored study
should be a succinct summary of the four areas, but be infor-
mative and include a review of the standard of care (approved
or unapproved) when describing the disease. Omitting the
current standard of care may result from a belief that discuss-
ing approved drugs may decrease the perception of a need for

new ones. However, unmet medical need is driven by subopti-
mal treatment, not the number of approved drugs. Finally, ad-
equate citation of the initial approved indication(s) and safety
profile of the repurposed drug is important, as the adverse
event profile from other indications may be highly relevant to
the new proposed use due to class effects of the drug.

4.2 | Objectives

There are different styles for this section, but simplicity is often
best: “The primary objective of this study is to evaluate safety and
tolerability of oral SA100 given twice daily for 8 weeks, assessed
by clinical and laboratory adverse events. The secondary objective
is to evaluate preliminary efficacy (clinical response) based on ()
accepted disease activity and lab measures, including histopatho-
logic assessment of the colon by endoscopy, and (b) changes in
serum biomarkers.” Common problems are mixing aims, hypothe-
ses, outcome measures, and endpoints so that the reader is unclear
about the overriding objectives. This section is often unnecessarily
complicated by the standard use of “aims” (specific, measurable
goals of the research project) and “hypotheses” (explanation for
the expected outcome based on existing knowledge) common in
grants written by academic investigators.

4.3 | Endpoints

An endpoint is an event or outcome that can be measured ob-
jectively to determine whether the intervention being studied
is active. The distinction between primary, secondary, and ex-
ploratory endpoints is less important in investigator-sponsored
trials than in later-stage trials designed to obtain sufficient data
and results to support the filing of an application for regulatory
approval. However, it is still important to identify a primary
endpoint to communicate what is considered the most relevant
measure and to justify sample size estimations for the number
of participants studied. Common problems in the discussion
of endpoints are defining an endpoint measure, but not time
(e.g., mean change from baseline in number of Grade 2 bleed-
ing events rather than mean change from baseline to week 20
in number of Grade 2 bleeding events), not including responder
endpoints (wWhen appropriate), and not recognizing (or less com-
monly, overemphasizing) the value of surrogate endpoints.

4.3.1 | Responder Endpoint

A responder endpoint refers to a specific outcome measure
that categorizes a patient as either a responder (they achieved
an improvement based on set criteria) or a non-responder. The
advantage of responder endpoints, when available, is that they
build in clinically meaningfulness [14]. Examples of responder
endpoints are glycated hemoglobin Alc concentration <6.5% in
Type 2 diabetes remission [15], the proportion of patients who
achieve continuous abstinence from Weeks 9 through 12 in
nicotine cessation studies [16], and the proportion of patients
with pain and at least a 30% reduction (moderately important
improvement) or at least a 50% reduction (substantial improve-
ment) in pain intensity at a posttreatment time [17]. Proportion
endpoints that include the number of participants with clinical
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remission or clinical response (by predetermined criteria) are
additional examples of responder endpoints. For some diseases,
criteria for clinically meaningfulness are less defined or not
agreed upon. The use of responder endpoints should be added
to other endpoints as limitations can include less data than a
continuous endpoint (e.g., mean change from baseline), cutoff
values used to determine a responder that may be an arbitrary
point on a continuous scale, and the potential requirement of
more participants to detect a treatment effect [18]. As a result,
using continuous variables in addition to responder endpoints to
examine mean differences between groups remains important
for determining clinical relevance.

4.3.2 | Surrogate Endpoint

Conducting a clinical trial with enough participants to detect
a clinically meaningful outcome is ideal. Because investigator-
initiated trials are usually limited in patient number to detect
the most relevant clinical outcomes, consideration of the use
of biomarkers and surrogate endpoints is important. A bio-
marker, usually a laboratory measure, is an indicator of normal
biological processes, pathogenic processes, or pharmacologic
responses to a therapeutic intervention [19, 20]. A biomarker
can also be a surrogate endpoint, which is a substitute for an
endpoint that is considered clinically meaningful. In studies
limited in patient number to detect a clinically meaningful
outcome, validated surrogate endpoints that reliably correlate
with clinically meaningful endpoints may occur earlier, more
frequently, and be better able to detect a true signal of effect.
Alternately, surrogate endpoints that are not yet validated, yet
reasonably likely to predict clinical benefit, may also be im-
portant to identify a signal that predicts benefit with clinical
outcomes in a later-stage trial with an increased number of
participants. Fleming and Powers [20] have provided exam-
ples of different categories of outcome measures, according to
the level of evidence. Levels 2, 3, and 4 are considered indirect
endpoints. Some examples are:

Level 1: A true clinical efficacy measure (when evidence estab-
lishing risk is acceptable in the context of evidence of benefit)
such as death or hospitalization in heart failure.

Level 2: A validated surrogate (for a specific disease setting
and class of interventions and when interventions are safe,
with strong evidence that risks from off-target effects are ac-
ceptable) such as hemoglobin Alc for clinical effects on long-
term risk of microvascular complications in Type 2 diabetes
mellitus.

Level 3: A non-validated surrogate, yet one established to be
‘reasonably likely to predict clinical benefit’ (for a specific dis-
ease setting and class of interventions and when interventions
are safe, with evidence that risks from off-target effects are ac-
ceptable) such as large and durable effects on viral load in some
human immunodeficiency virus settings.

Level 4: A correlate that measures biological activity but has
not been established to be at levels above, such as fever for the
treatment of community-acquired bacterial pneumonia.

Surrogate endpoints, including use as secondary endpoints
to support other primary outcome measures, are important
considerations for initial resource-limited clinical trials. Less
commonly, investigator-initiated protocols that use surrogate
endpoints as the primary outcome measure may overemphasize
their importance by not recognizing the need for later transla-
tion into more clinically meaningful endpoints. While the use of
surrogate endpoints, especially as primary outcome measures,
provides efficiency in early-stage studies (i.e., reducing sample
size and duration), limitations include an inability to predict
the intervention effect on the target outcome and overestimat-
ing treatment effects [21]. In investigator-sponsored trials with
limited resources, the advantage of considering the use of sur-
rogate endpoints to identify important signals that can result in
subsequent investigation usually outweighs the disadvantages
when coupled with recognition of limitations. Identifying and
reporting surrogate endpoints that include justification for use
as a primary outcome measure in randomized controlled trials
(SPIRIT-Surrogate, CONSORT-Surrogate) was recently added
as extension items to the main SPIRIT and CONSORT protocol
checklists [22].

4.4 | Investigational Plan

This section should be a brief and well-written summary para-
graph of the study: “This is a 12-week, multicenter, open-label,
dose-escalation Phase 1b study of SA100 given orally to patients
with ulcerative colitis. Eight patients will be sequentially enrolled
in 1 of 4 cohorts. Treatment will be given for 8 weeks followed
by a 4-week nontreatment follow-up period (study duration of
12weeks). The study plans to enroll 24 patients at one site.”

Brief paragraphs describing the type and timing of assessments
should follow: “Safety evaluations will consist of physical exam-
ination, vital signs, and laboratory evaluations at screening or
baseline, and Weeks 2, 4, 8, and 12 visits.” “Efficacy evaluations
will consist of...”

4.5 | Outline of Visit Schedule

This section should include a visit-by-visit description that in-
cludes the visit date (e.g., Week 2) and a bulleted list of assess-
ments or procedures to be obtained. Common problems include
describing a visit only by number and not the specific time (e.g.,
Visit 3 rather than Week 16 Visit), adding endpoints to assess-
ments “flexible sigmoidoscopy to evaluate whether...”, and not
defining whether screening (entry) procedures can also be used
as baseline values if both times are close together. Instead, cer-
tain procedures are often incorrectly listed in both screening
and baseline when the intention is that a screening lab or proce-
dure can also be used as a baseline assessment. The assessments
must support the calculation of the endpoints.

4.6 | Schedule of Events—Table

A Schedule of Events as a table with time (columns) and pro-
cedures (rows) can be added to the body of the protocol or as
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an appendix and helps summarize study events for study staff
and others. Similar to the outline of the visit schedule, a com-
mon error is not defining the difference between screening
and baseline assessments, the former required for evaluation
of inclusion/exclusion criteria (screening) rather than when
they are taken. Both screening and baseline assessments (gen-
erally defined as the last value before beginning study treat-
ment) can be taken on the same day or at different times. A
common problem is that a screening lab also intended to be
used as a baseline lab is listed in both places without a foot-
note, which implies two tests. In some situations, a screening
lab should not be used as a baseline lab due to differences in
collection times that make screening values impractical for
change from baseline analyses; in this case, listing a lab or
procedure at both screening and baseline without further clar-
ification is appropriate.

4.7 | Discussion of Design

This section should be brief and succinct, and explain the ra-
tionale for the design (including use of controls), doses, as-
sessments (including duration of assessment), and endpoints.
Common problems include dose-escalating using safety criteria
that are more appropriate for oncology (toxic) therapies, and not
mentioning a regulatory precedent or guidelines as a basis for
the use of endpoints.

4.71 | Discussion of Design (Use of Control)

Options for control groups include: open-label, unblinded groups
(with or without control groups), placebo group (open-label or
blinded), active treatment with a specific (usually approved)
drug, standard of care (optimal treatment available), and stan-
dard care (clinical practice in a real-world setting). If an active
control treatment is used, discussion of what would be consid-
ered a similar effect to the investigational drug should occur,
as discussed in ICH E10 Guidance [23]. In addition, crossover
designs, more common in PK studies, are increasingly used in
early-stage trials with a limited number of participants. A cross-
over design is a repeated measurement design where each par-
ticipant receives different treatments during different periods;
they cross over from one treatment to another during the trial
after a washout period. This type of design has two potential ad-
vantages: (1) the influence of confounding covariates is reduced
because each crossover patient serves as their own control, and
(2) the design is statistically efficient in that in a resource-limited
study it requires fewer participants than non-crossover designs.
Limitations of crossover designs include longer study duration,
more study visits (burden on patients), and, most importantly,
the risk of residual effects from the prior therapy. This most often
occurs when the washout period is based on pharmacological in-
dices (e.g., biological half-life of the drug) without taking into
account that the clinical effects may last considerably longer.

Description of the rationale for use of a placebo can often be
something as succinct as: placebo effects exist with this disease,
and the present design allows the most direct assessment of the
safety and preliminary efficacy of the investigational agent in
this patient population.

4.7.2 | Rationale for Use of Placebo Control

The use of a double-blind, placebo control is optimal for demon-
strating a drug effect and identifying underlying disease-related
patterns. Enrollment in a placebo arm is acceptable when there
is no effective intervention or when added to an established in-
tervention [24, 25]. Use of placebo is also ethical if withholding
effective treatment will not cause more than minor risk, patients
are fully informed about alternatives, and effective risk mitiga-
tion plans exist. The use of placebo in the absence of extensive
and consistent historical control data is methodologically im-
portant if ethically allowed.

In some oncology settings, placebo is rarely used alone due to
practical (toxicity is unblinding) and ethical (irreversible harm)
reasons. Alternatively, with most diseases, withholding a drug
in a placebo arm does not affect long-term health. It is also com-
mon to use a placebo arm in participants on stable background
therapy, with standard-of-care treatment receiving placebo or
active drug. In some situations, three treatment arms that in-
clude a placebo (investigational drug, active control, placebo)
may help distinguish between a study that does not work (re-
sults of all treatment arms are similar) versus a drug that does
not work (only active arm shows efficacy).

The ability to recruit patients with rare diseases into investigator-
initiated trials is a special challenge given the resources already
imposed by limited sites and operational abilities. In many situ-
ations, the use of a placebo arm will lessen enrollment. As a re-
sult, it is critical to evaluate whether such a control is necessary
for trials where no or few placebo effects exist, such as with he-
modynamic measurements in pulmonary arterial hypertension
[26,27]. When the use of a placebo arm is ethical, the availability
of an open-label extension trial results in increased receptivity
of participants to enroll in a placebo-controlled trial. Extension
phases can assess the durability of a benefit and collect longer-
term safety data and can also be attractive to patients consid-
ering participation in placebo-controlled trials. These studies
allow those who complete the initial trial without deteriora-
tion or discontinuation due to worsening and are not receiving
the highest dose of active drug to enroll in an active treatment
arm (pending results of the initial study); however, such exten-
sions are usually not practical due to the budget constraints of
investigator-initiated trials. Finally, early-stage studies that use
a 2:1 (active: placebo) randomization may increase the ability to
accrue more study participants despite an increased sample size
needed to achieve the same level of precision or statistical power
as equal randomization; however, significant limitations war-
rant caution when considering higher ratios.

4.7.3 | Rationale for Doses and Dosing

Determining the appropriate dose and regimen is critical during
the development of new drugs and has contributed to a signifi-
cant number of failures of the first regulatory review cycle be-
cause of uncertainties in the dose selection rationale [28]. With
repurposed drugs evaluated in investigator-initiated clinical
trials, dosing information is available from an approved drug
for a different therapeutic indication and may reduce these un-
certainties. Small phase 1b or 2a trials often require judgment
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rather than prespecified criteria when deciding if it is safe and
appropriate to advance to the next dose.

4.7.4 | Rationale for Assessments and Endpoints

In an investigator-sponsored clinical trial, the rationale for select-
ing assessments and endpoints is related to maximizing the ability
to measure clinically relevant outcomes that are specific, measur-
able, achievable, relevant to the patient population, and sensitive
enough to detect a meaningful and true treatment effect. The ra-
tionale for assessments and endpoints can often rely on expert and
regulatory consensus, including the design of studies for drugs in
the proposed indication that have achieved regulatory approval.

4.8 | Data Analysis Methods

This section summarizes the determination of sample size, ef-
ficacy and safety variables with a summary of assessments and
when each assessment is obtained (rationale is in earlier sec-
tion), the statistical and analytical plans that include handling
of missing data, how safety, efficacy, and other endpoints are
analyzed, and interim analyses/Data Monitoring Committee.

An emphasis is placed here on the determination of sample size,
which is a critical component of investigator-sponsored clinical
trials that are challenged by limited operational and financial re-
sources. Greenland et al. [29] have noted in discussing the misap-
plication of statistical principles that a key challenge is that there
are no interpretations of these concepts that are at once simple,
intuitive, correct, and foolproof. A biostatistician is critical to the
trial design, sample size estimations, and data analysis methods.

4.8.1 | Determination of Sample Size

Sample size calculations convey the degree of confidence that
a given number of participants will be adequate to detect a pre-
determined or greater clinically relevant treatment effect. The
most common approach to sample size determination is to iden-
tify the number of study participants that will provide an ade-
quate level of confidence to conclude at study completion that
a treatment has efficacy when it truly does (power, usually 80%
or 90%) and a low probability to falsely conclude a treatment has
efficacy when it truly does not (alpha, usually 5%). Pilot studies
with small numbers of participants may have lower power than
desired (i.e., decreased ability to detect a true treatment effect) at
a standard significance level. Aside from wasted resources (time
and money), studies that cannot assess the safety and efficacy
of a treatment because of an inadequate number of participants
should not be conducted on ethical grounds. It is wrong to ex-
pose patients to a drug in a new setting if the study cannot sup-
port meaningful conclusions.

4.8.2 | Power and Sample Size Calculation
Power is the probability that, given a prespecified true difference

between two groups, the quantitative results of a study will be
deemed statistically significant [30]. Power is a pretrial concept,

which is of limited use to apply to observed differences after the
study. Because the statistical power of a study is the probability
that a significance test will detect an effect that truly exists, the
focus of a trial that fails to reach significance should be the ob-
served treatment effect and the confidence interval.

A failed trial may be partially the result of a true effect that is
smaller than is clinically meaningful. Alternately, a common
error is estimating treatment effects known to be unrealistically
favorable tojustify both a small number of evaluable patients and a
desire for 80% power. Goodman and Berlin [30] have emphasized
that results of this practice are journals filled with reports of pos-
sibly clinically important but statistically nonsignificant effects
(i.e., a smaller clinically relevant true effect could not be detected)
and research that is inefficient and wasteful. Assumptions under-
lying sample size estimations should be carefully considered.

4.8.3 | Calculating Sample Size

Calculation of sample size (number of study participants) relies
on the following choices:

« Estimated treatment effect (assumed to be an effect size that
is clinically relevant).

» Assignment ratio of treatments (e.g., 1:1).

« Power, which is usually set at 80% or 90%, is the probability
of reaching statistical significance for a given treatment effect
or greater if one truly exists (“true positive”). Low power can
lead to falsely rejecting an effective therapy (Type II error).

« Significance level, or alpha, is the probability of falsely detect-
ing a treatment effect when none truly exists (“false positive”
or Type I error). This can lead to falsely accepting ineffective
therapy. As a result, alpha is typically set to be small (e.g.,
5%). Type 1 error is more often set to be two-sided, which ex-
amines whether a result is significantly different from a ref-
erence point in either direction (greater or less than), while a
one-sided test (that offers more statistical power) evaluates if
the result is significantly different in one specific direction.

« The standard deviation (variability) associated with mea-
suring the primary endpoint for continuous variables is
often the most difficult parameter to set and should be
based on previous trials or other historical information.

Determining sample size based on a level of precision in the esti-
mation of treatment efficacy by proposing the desired width of the
confidence interval is an alternate approach [31]. Planning sample
size based on precision lessens the problem of dichotomizing results
into statistically significant vs. nonsignificant with resulting mis-
interpretation of nonsignificant but meaningful findings as well as
small significant findings that are not clinically relevant [31, 32].

4.8.4 | Differences in Sample Size for Trials
of Approved Treatments

Sample sizes of both early and late-stage trials of approved thera-
pies can differ dramatically, influenced by the magnitude of treat-
ment effects based on approved therapies or other historical data.
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When placebo-adjusted treatment effects are modest, placebo re-
sponses are significant, and event rates are low, a relatively large
number of participants are required to detect a clinically meaning-
ful effect at a statistically significant level. In contrast, historically
large effects from efficacious drugs and a low or absent placebo
response contribute to a relatively low number of patients needed
to show a predetermined clinically meaningful effect.

Investigator-sponsored studies are also conducted in settings such
as rare or incurable cancers, where even one or two responders
may be enough to justify further study. These initial studies typ-
ically have no control group, small numbers of patients, and no
sample size justification or formal statistical analysis plan.

4.8.5 | Sensitivity Analyses: Sample Size Calculations

Small variations in estimated treatment effects can greatly
affect the estimated number of participants/treatment arm.
Knowledge of what is considered the minimal clinically im-
portant difference (MCID) for treatment effects on a disease,
which is the smallest change in a treatment outcome that a
patient would identify as important, can greatly aid in sample
size calculations. Sample size determination for overly opti-
mistic treatment effects can result in an inability to detect a
lower but clinically meaningful effect. Conversely, estima-
tions for treatment effects that are too small can expose partic-
ipants to unnecessary risk to detect an effect at a significance
level that can be clinically insignificant.

Determining the MCID is critical as other critical values for sam-
ple size calculation are conventionally set (e.g., alpha, 5%, power,
80% or 90%). Criteria for MCIDs are usually determined by con-
sensus of experts, meta-analyses showing correlations with func-
tional improvement (including quality of life), patient-reported
outcomes, or regulatory precedent. Additional methods used to
determine the difference to be used in sample size calculations in-
clude subjective assessment by patients of their change in health
status or a larger difference than the minimum that would need to
be observed to justify a change in practice [33, 34].

When the MCID is established, small changes in assumptions
can affect sample size estimations. It is important to recog-
nize that estimated treatment effects can be based on different
criteria ranging from practitioner judgment, patient reports,
consensus from studies correlating an outcome with quality
of life scales, regulatory approval, and pivotal studies showing
placebo-adjusted treatment effects. If known, using the MCID
as the basis for estimated treatment effects for sample size cal-
culation is optimal. Novel approaches to determine the clinical
meaningfulness of a treatment by combining multiple end-
points in a prespecified analysis have also been proposed [35].

4.8.6 | Guidelines for Power and Sample Size
Calculations

« Power of 80%-90% and significance level (alpha) of 0.05
(one-sided or two-sided) are traditionally used for Phase 1b
or 2a studies.

« Clinical meaningfulness or scientific conclusion should
not be based on a P value being “significant” per se [36, 37].
The actual size and practical relevance of the observed ef-
fect, often measured by effect size and confidence interval,
should also be taken into account when interpreting clinical
significance. In addition, small but statistically significant
effects may be misinterpreted as clinically important.

« pvalue should be interpreted as a continuum, where a lower
value gives increased strength of evidence of a real effect
[36, 37].

« The use of confidence interval in place of or in addition to P
values can provide critical information about the probabil-
ity that a true value will fall within a set of values, and the
direction and strength of the demonstrated effect. This in-
formation can help the evaluation of the clinical relevance
of the study findings.

« In some cases, increased alpha (e.g., 10%) may be appropri-
ate in pilot studies with small sample sizes where the risk of
not identifying ineffective therapy (Type I error) may be less
important for future study than identifying a potentially ef-
fective therapy (e.g., power, 90%).

« Estimated treatment effects and variability can be based on
drugs approved for the proposed indication or other ratio-
nal approaches (observed differences from studies and use
of predicted CI).

4.8.7 | Resources for Sample Size Estimations

There are many excellent free online programs for sample size
calculations, including University of California, San Francisco
Sample Size Net [38] and Southwest Oncology Group Statistical
Tools [39]. In addition, sample size calculators can also be found
on Apple and Android (Google Play) app stores.

4.8.8 | Power and Detectable Differences/
Final Precision

Goodman and Berlin [30] have emphasized problems with stud-
ies that have low power or an unrealistically high effect size
used in sample size calculations. The inability after the trial to
distinguish between clinically important and unimportant re-
sults, which will be expressed in the form of wide confidence
intervals, can be the result. A confidence interval can be a valu-
able way to describe probability as a set of true but unknown
differences that are statistically compatible with the observed
difference [29]. Determining realistic and meaningful estimates
of the treatment effect and confidence interval can serve as an
optimal basis for determining sample size.

Goodman and Berlin [30] note that precision (defined as the
width of the 95% confidence interval) and power are linked to
sample size and are mathematically related. As a result, the ap-
proximate size of the confidence interval after the experiment
can be predicted before the experiment, and this prediction
should supplement traditional sample size calculations and ide-
ally be reported in protocols.
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4.8.9 | Statistical and Analytical Plans That Include
Handling of Missing Data, Efficacy Analyses,

Safety Analyses, and Interim Analyses/Data
Monitoring Committee

This section can be either straightforward or challenging de-
pending upon the basic approach of how safety, efficacy, and
PK data will be analyzed, including the approach for missing
data. The goal for any study is to have all samples drawn and
evaluations conducted at the designated time points with no
missing data. Methods for dealing with missing data vary by
therapeutic area and endpoint and require careful consider-
ation of whether the missing data is a function of efficacy or
safety. In early phase clinical research, there are often multiple
endpoints that are important for data to be repeatedly exam-
ined. These conditions may require a discussion of adjustments
to statistical testing or confidence intervals, or an explanation
of why such adjustments are not needed. The use of a Data
Monitoring Committee (also known as a Data and Safety
Monitoring Board, Data and Safety Monitoring Committee,
or an Independent Data Monitoring Committee) to conduct a
statistical review of accumulating data from the ongoing study
is less common in small, early-stage investigator-sponsored tri-
als [40].

4.9 | Investigator-Sponsor Trial Recommendations

As noted above, investigator-sponsored clinical trials with a lim-
ited number of participants may not be able to detect a true and
clinically relevant treatment effect with high probability (are
“underpowered”). At a given sample size, factors that contrib-
ute to lowered power to detect a given clinically relevant effect,
and can lead to overestimations or underestimations of the true
effects of an intervention, include high placebo rates, low event
rates, modest treatment effects, and benefit from slowing of wors-
ening (as opposed to improvement per se). Despite this concern,
most investigator-sponsored studies usually have sufficient abil-
ity to evaluate for preliminary evidence of safety, efficacy, and
variability, including the presence of a biological signal.

In resource-limited investigator-sponsored trials, identifying
clinically important effects at study completion can be helped
prestudy [41] by:

« Incorporating multiple biologically-related endpoints.

+ Use of biomarkers that are biologically plausible.

+ Use of a valid or reasonably likely valid surrogate endpoint
that may be highly affected by treatment.

« Usingrelevant assessments with low placebo response rates.
 Specifying endpoints that occur frequently.
+ Enrolling patients at higher risk.
« Prolonging follow-up.
Sample size calculations can also often be powered at times

based on the precision of estimates and should involve consulta-
tions with a biostatistician and clinical trialist.

4.10 | Study Population
This section includes:

« Brief summary of population (healthy vs. disease, severity).

« Study setting (e.g., community clinic, academic center) and
countries

« Entry criteria for study participation.
« specify both inclusion and exclusion criteria.

o Criteria for discontinuing study drug and study
participation.

« Strategies for participant recruitment and retention

Entry criteria should attempt to maximize signal detection. This
can be achieved by enrolling best responders, which is prefera-
ble in many cases, and excluding those who are too well and may
have little room for improvement (ceiling effect) or may be too
refractory to show benefit (floor effect).

Common problems include:

Vague entry criteria that may be interpreted differently by
study staff:

« Example: exclusion of “those who smoke.”

« Better: exclusion of “Current smokers or users of e-cigarettes
or nicotine replacement products unable to avoid using
these products from at least 48h before check-in through
the final study visit.”

Entry criterion so close to the definition of success that it may be
met by natural variation independent of active drug or placebo.

« Example: platelet count>90K allowed in a study of throm-
bocytopenia when a count of 100K or greater represents the
success of the study drug.

Unspecified duration of background stable therapy before study
entry. Beginning already-approved treatments too close to the
study entry onset date can result in a confound of benefits from
this treatment inaccurately being attributed to placebo or inves-
tigational drug.

There is an important balance between homogeneity vs. hetero-
geneity in determining study participant entry criteria. There is
a substantial gain in statistical power by focusing intervention
on a homogenous patient population most likely to respond. In
contrast, there is also a need to generalize findings to a broader
group of heterogeneous patients who might benefit from treat-
ment. There is no perfect answer and the decision is always a
tradeoff; however, protocols of pilot studies or investigator-
sponsored studies that are limited in resources and oriented to-
ward detection of a meaningful signal should err on the side of
selecting a more homogenous population most likely to respond
given the limited sample size and power. Even in late-stage tri-
als, recruitment of responders allows for the best detection of a
treatment effect [42].
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All study participants have a right to discontinue study drug or
withdraw from the study for any reason at any time. This section
summarizes the criteria for both a participant's early discontin-
uation of study drug and withdrawal from the study, including
whether replacement of the participant with another participant
can occur. In many situations, it is advantageous for the integ-
rity of the final data analysis for a participant with early discon-
tinuation of study drug to complete remaining scheduled visits
and procedures, provided consent to do so has not been with-
drawn. Continued follow-up also aids safety assessment—for
example, helps determine if an adverse event resolves following
discontinuation of study drug.

Finally, general strategies for participant recruitment and reten-
tion may be included in this section, or a separate one. This may
include how potential participants will be identified, the types
of recruitment strategies planned, and the anticipated number of
sites and participants to be enrolled if the trial involves different
countries.

4.11 | Treatments
This section summarizes:

« Method of Assignment to Treatment (e.g., Randomization).

« Materials and Supplies.
- Formulation, packaging, and labeling.
- Storage and handling.

« Dosage and Administration.
« Blinding (including method of emergency unbinding).
« Concomitant Therapy.

« Study drug and study discontinuation criteria.

A common problem is not including language that the study
drug should be discontinued if a prohibited medication that
would have precluded study entry is taken during the study.

4.12 | Adverse Events, Serious Adverse Events,
and Reporting Requests

The adverse event section of any clinical protocol should con-
tain similar language, in part because definitions of an adverse
event (AE), a serious adverse event (SAE), as well as reporting
requirements to regulatory authorities are standardized by ICH
and mandated by federal regulations [43].

It is helpful in investigator-sponsored protocols to include lan-
guage that an AE includes a laboratory value that is judged to be
clinically significant by the investigator, which aids in case report
form construction and collection of safety information. In addition,
important events that occur between the signing of the informed
consent and initiation of study drug, and are judged to be related to
a study procedure, should be recorded. Common problems in this
section include, in studies with more than one site, contact infor-
mation for reporting SAEs to the sponsor, typically within 24h of

becoming aware of the event, and criteria and timing for notifying
the IRB or EC of both SAEs and “reportable events.”

4.13 | Quality Control and Quality Assurance

The purpose of an IRB or EC, which is comprised of at least five
members (including at least one not affiliated with the institu-
tion) with varying backgrounds, is to protect human partici-
pants in a research study from harm. Consistent with ICH Good
Clinical Practice E6 guidance [44], this section should contain
standardized language that states that the IRB or EC is formally
designated to approve, monitor, and review biomedical research
involving humans, protect human subjects from harm, and is
empowered by federal regulations to approve, require modifica-
tion before approval, or disapprove research based on scientific,
ethical, and regulatory considerations. In addition, this section
states that the investigator allows IRB or EC review and regula-
tory inspection of trial-related documents and procedures, and
that the investigator is responsible for ensuring that data are
generated, documented, and reported in compliance with the
protocol, Good Clinical Practice, and all regulations.

4.14 | Administrative, Ethical, and Regulatory
Considerations

The Declaration of Helsinki [45] is a set of ethical principles
for medical research that involves human participants and is
widely followed globally. This section of the protocol, in most
cases, contains standardized language that each potential par-
ticipant must be adequately informed of risks, and additional
protections should follow the Health Insurance Portability and
Accountability Act (HIPAA) Privacy Rule (termed differently in
regulatory areas outside the United States). This section states
that a participant has the right to discontinue a study at any
time for any reason without prejudice to future medical care,
specifies that appropriate compensation and treatment must be
provided for those harmed as a result of study participation, and
affirms that the rights, safety, and well-being of subjects prevail
over the interests of science and society. This section also sum-
marizes the responsibilities of the sponsor-investigator to supply
information to the investigative site's IRB and conduct the study
in accordance with the protocol and ethical principles in the
Declaration of Helsinki and all applicable guidelines, laws, and
regulations. Finally, aspects of data availability, clinical moni-
toring, study finances, declarations of interest, trial registration,
and publication policy are typically summarized in this section.

4.14.1 | Ethical Review

This section summarizes the responsibility of the investigator to
present the risks and benefits to the participant in simple terms
using the informed consent document (or assent obtained from
any minor participant, when applicable). A study participant has
the right to discontinue a study at any time for any reason with-
out prejudice to future medical care. In addition, appropriate
compensation and treatment must occur for subjects harmed as
a result of study participation.
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The requirements of the sponsor-investigator to supply spe-
cific materials to the investigative site's IRB (e.g., protocol
and amendments, required safety reports, etc.) and what
documentation to retain, if applicable, are also summa-
rized here.

4.14.2 | Regulatory Considerations

The sponsor-investigator must acknowledge that the conduct
will be conducted following the protocol and ethical principles
in the Declaration of Helsinki and all applicable guidelines,
laws, and regulations. Further, the sponsor-investigator will ini-
tiate changes to the protocol as necessary (except for those to
eliminate an immediate hazard to a study participant) and seek
IRB approval before implementing. This section summarizes
the responsibility of the sponsor-investigator to enroll partici-
pants who have met protocol eligibility and report violations to
the local IRB following their policies. The sponsor-investigator
may terminate the study at any time.

4.14.3 | Study Documentation, Privacy,
and Records Retention

This section specifies the duration for which government
agency regulations and directives require study data and re-
lated records to be kept after the study completion, with addi-
tional considerations that an IRB or EC might require longer
retention periods. Additional language related to what type
of data and where it will be stored, site monitoring to ensure
data integrity and rights of participants, and records con-
taining participant information must be handled following
the requirements of privacy rules are also typically included.
Furthermore, case report forms and other study documents
should be completed following the instructions provided by
the sponsor-investigator, including the instructions for the
coding to protect participant identities.

4.14.4 | Declaration of Interests

This section refers to a statement where investigator-sponsors
involved in a research study disclose any potential conflicts of
interest, including financial or non-financial relationships that
could influence their objectivity (or give the appearance of a con-
flict) in the study design, execution, or interpretation of results.

4.14.5 | Data Availability Statement

A data availability statement outlines how the data collected
during the trial will be accessible to researchers and the public,
including where the data will be stored, under what conditions
it can be accessed, and any limitations regarding participant pri-
vacy or ethical considerations that may restrict full data sharing.
It details the plan for making clinical trial data available after
the study is completed. In place of this section, this information
can also be specified in the Study Documentation, Privacy, and
Records Retention or Publication Statements.

4.14.6 | Study Finances

Sources and types of financial, material, and other support are
included here.

4.14.7 | Publication Statement

This section outlines the sponsor’s plan for disseminating the study
findings, including where and how the sponsor intends to publish
the results. Language typically specifies that (in a multicenter
trial) neither the complete nor any part of the results of the study,
nor any of the information provided by the sponsor to perform the
study, will be published or passed on to any third party without the
consent of the study sponsor. In addition, any investigator involved
with this study is obligated to provide the sponsor with complete
test results and all data derived from the study. Optimally, this
section also should state that design elements of the protocol will
be posted in a publicly accessible database (such as ClinicalTrials.
gov) and that, upon study completion and finalization of the study
report, the results of the trial will either be published or posted in
a publicly accessible database of clinical trial results. Similar to a
Data Availability Statement, this section usually details the plan
for making clinical trial data available after the study is completed,
which is often that deidentified patient data that support the find-
ings of this study will be available from the corresponding author
upon reasonable request.

5 | Grammar, Spelling, References

Attention to writing is mandatory for clarity of communication.
Besides the necessary critical review by others, there are many ex-
cellent sources for scientific writing guidance [46-48]. In addition,
free online grammar and spelling programs, including ones that
are built into the word processing program used, are available.

5.1 | Critical Review by Others Gives Different
(and Valuable) Perspectives

Critical review and thoughtful criticism by others are necessary
for both content and clarity of communication.

6 | Conclusion

There remains a critical need to develop therapies for many
diseases that currently lack treatments [49]. This need is under-
scored by an appreciation that drug development, in general,
has a high attrition rate, rising costs, and increased delays in
bringing treatments to market. Investigator-sponsored clinical
trials in academic environments can be part of known inno-
vation that leads to significant impacts [50, 51]. These studies
are also more likely to explore the possible efficacy of an inter-
vention in a more severe group of patients with comorbidities
and a higher risk of death, target populations with high unmet
medical needs while less affected by commercial objectives, and
involve drug repurposing that facilitates development because
the initial safety and efficacy testing in the approved indication
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has already been done [52, 53]. Such trials, however, are typ-
ically challenged by significant limitations in operational and
financial resources, including the number of study participants.
Despite these challenges, close attention to protocol develop-
ment can greatly maximize the scientific and ethical rigor of
these investigations and detect relevant outcomes that can lead
to larger, well-controlled trials.
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