THE UNIVERSITY of EDINBURGH

Edinburgh Research Explorer

Early phase clinical trials extension to the guidelines for the
content of statistical analysis plans

Citation for published version:

Homer, V, Yap, C, Bond, S, Holmes, J, Stocken, D, Walker, K, Robinson, EJ, Wheeler, G, Brown, S,
Hinsley, S, Schipper, M, Weir, CJ, Rantell, K, Prior, T, Yu, L-M, Kirkpatrick, J, Bedding, A, Gamble, C &
Gaunt, P 2022, 'Early phase clinical trials extension to the guidelines for the content of statistical analysis
plans', British Medical Journal, vol. 376, e068177. https://doi.org/10.1136/bmj-2021-068177

Digital Object Identifier (DOI):
10.1136/bmj-2021-068177

Link:
Link to publication record in Edinburgh Research Explorer

Document Version_:
Peer reviewed version

Published In:
British Medical Journal

General rights

Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.

Take down policy

The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

OPEN () ACCESS

Download date: 25. Apr. 2022


https://doi.org/10.1136/bmj-2021-068177
https://doi.org/10.1136/bmj-2021-068177
https://www.research.ed.ac.uk/en/publications/a8828053-9f49-4b55-8685-16e5644a0970

BMJ

thebmyj

An Early Phase Clinical Trials Extension to the Guidelines for
the Content of Statistical Analysis Plans

Journal:

BMJ

Manuscript ID

BMJ-2021-068177.R1

Article Type:

Research methods and reporting

Date Submitted by the
Author:

13-Dec-2021

Complete List of Authors:

Homer, Victoria; University of Birmingham, Cancer Research (UK)
Clinical Trials Unit

Yap, Christina; The Institute of Cancer Research, Clinical Trials and
Statistics Unit

Bond, Simon; Cambridge Clinical Trials Unit

Holmes, Jane; University of Oxford, Centre for Statistics in Medicine,
Nuffield Department of Orthopaedics, Rheumatology and Musculoskeletal
Sciences

Stocken, Deborah; University of Leeds , Leeds Institute of Clinical Trials
Research

Walker, Katrina; University of Leeds Leeds Institute of Clinical Trials
Research, Clinical Trials Research Unit

Robinson, Emily; Royal Marsden NHS Foundation Trust, Royal Marsden
Clinical Trials Unit

Wheeler, Graham; Imperial College London, Imperial Clinical Trials Unit
Brown, Sarah; University of Leeds Leeds Institute of Clinical Trials
Research, Clinical Trials Research Unit

Hinsley, Samantha; University of Glasgow, Cancer Research UK Glasgow
Clinical Trials Unit

Schipper, Matthew; University of Michigan, Departments of Radiation
Oncology and Biostatistics

Weir, Christopher; University of Edinburgh, Edinburgh Clinical Trials Unit
Rantell, Khadija; Medicines and Healthcare Products Regulatory Agency
Prior, Thomas; Janssen Research and Development LLC, Early
Development Oncology Statistics Department

Yu, Ly-Mee; University of Oxford, Department of Primary Care Health
Sciences

Kirkpatrick, John; Roche Products Ltd

Bedding, Alun; Roche Products Ltd

Gamble, Carrol; University of Liverpool, Biostatistics

Gaunt, Piers; Univeristy of Birmingham, Cancer Research UK Clinical
Trials Unit

Keywords:

Clinical trial, Early Phase, Statistical Analysis Plan, Guidelines

https://mc.manuscriptcentral.com/bmj




Page 1 of 82 BMJ

ONE™

oNOYTULT D WN =

60 https://mc.manuscriptcentral.com/bmj



oNOYTULT D WN =

BMJ Page 2 of 82

An Early Phase Clinical Trials Extension to the Guidelines for

the Content of Statistical Analysis Plans

Victoria Homer, Biostatistician, Cancer Research Clinical Trials Unit, University of Birmingham

Christina Yap, Professor of Clinical Trials Biostatistics, Clinical Trials and Statistics Unit, The Institute
for Cancer Research, London

Simon Bond, Lead Senior Statistician, Cambridge Clinical Trials Unit, Cambridge

Jane Holmes, Senior Medical Statistician, Oxford Clinical Trials Research Unit, Centre for Statistics in
Medicine, Nuffield Department of Orthopaedics, Rheumatology and Musculoskeletal Sciences,
University of Oxford

Deborah Stocken, Professor of Clinical Trials Research, Clinical Trials Research Unit, Leeds Institute of
Clinical Trials Research, University of Leeds

Katrina Walker, Senior Medical Statistician, Clinical Trials Research Unit, Leeds Institute of Clinical
Trials Research, University of Leeds

Emily J. Robinson, Lead statistician, Royal Marsden Clinical Trials Unit, The Royal Marsden NHS
Foundation Trust

Graham Wheeler, Senior Lecturer in Clinical Trials Statistics, Imperial Clinical Trials Unit, Imperial
College London

Sarah Brown, Principal Statistician, Clinical Trials Research Unit, Leeds Institute of Clinical Trials
Research, University of Leeds

Samantha Hinsley, Lead Biostatistician, Cancer Research UK Glasgow Clinical Trials Unit, University of
Glasgow

Matthew Schipper, Research Professor of Biostatistics, Departments of Radiation Oncology and
Biostatistics, University of Michigan

Christopher J. Weir, Professor of Medical statistics and Clinical Trials, Edinburgh Clinical Trials Unit,
Usher Institute, University of Edinburgh

Khadija Rantell, Statistical Advisor, Medicines and Healthcare products Regulatory Agency

Thomas Prior, Principal Statistician, Early Development Oncology Statistics Department, Janssen
Research & Development

Ly-Mee Yu, Associate Professor, Primary Care Clinical Trials Unit, University of Oxford
John Kirkpatrick, Senior Principal Statistician, Roche Products Ltd
Alun Bedding, Associate Director, Roche Products Ltd

Carrol Gamble, Professor of Medical Statistics, Liverpool Clinical Trials Centre, University of Liverpool

https://mc.manuscriptcentral.com/bmj



Page 3 of 82 BMJ

Piers Gaunt, Principal Biostatistician, Cancer Research Clinical Trials Unit, University of Birmingham,

Vincent Drive, Edgbaston, Birmingham, B15 2TT, p.gaunt@bham.ac.uk, ORCID ID: 0000-0001-
8665-300X

oNOYTULT D WN =

https://mc.manuscriptcentral.com/bmj


mailto:p.gaunt@bham.ac.uk

oNOYTULT D WN =

BMJ Page 4 of 82

Key Points

Standfirst:

This paper reports guidelines for the content of Statistical Analysis Plans (SAPs) for early phase
clinical trials, ensuring specification of the minimum reporting analysis requirements, by detailing

extensions (11 new items) and modifications (25 items) to existing SAP guidance by Gamble et al.
following a multi-stakeholder review.

Word count: 47/100

Summary points:

Guidance for the content of SAPs for clinical trials was published in 2017 and focused on late phase,
randomised controlled trials.

The existing guidelines have been extended to broaden their applicability to early phase (phase | and non-
randomised phase ll) clinical trials.

This extension is based on: existing guidance; a comprehensive search to identify existing published protocols,
SAPs and SAP guidance; a survey of clinical trial funders and regulators; a survey of current practice of
statisticians within UKCRC registered CTUs; a critical appraisal and expert review meeting; and a pilot of the
proposed guidelines.

Of the 55 items originally stated in the current SAP content guidance: 30 have remained unchanged; 25 have
been modified; and a further 11 new items have been proposed to ensure comprehensive and appropriate
guidance for early phase clinical trials.

Word count: 134
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Background and Scope of Early Phase SAP Guidance Extension

This paper details guidelines for the content of Statistical Analysis Plans (SAPs) for early phase clinical
trials, presenting an extension to “Guidelines for the Content of Statistical Analysis Plans in Clinical
Trials” by Gamble et al.(1)

Early phase (phase | and non-randomised phase II) clinical trials aim to determine the safety and
initial indicators of efficacy of interventions prior to conducting potentially practice-changing phase
1l clinical trials. The undertaking of definitive late phase clinical trials is often a lengthy and costly
process since these clinical trials ensure full-scale evaluation of the interventions and may also
involve cost-effectiveness analyses. Definitive clinical trials are predicated on accurate and robust
conclusions from early phase clinical trials, with flaws in design and analysis potentially a reason for
interventions failing to demonstrate a benefit in phase lll clinical trials. Consequently, the design,
conduct, and analysis of early phase clinical trials does not solely impact that specific study.
Conclusions from early phase clinical trials have implications for all related subsequent clinical trials,
as such these studies must be performed to the highest standards of rigour and quality, to ensure
correct decisions are taken forward.

Historically, phase I clinical trials were conducted without significant statistical involvement and
conformed to rule-based designs, for example, the 3+3 design, to determine the maximum tolerated
dose (2,3). Recent recommendations propose that phase | studies should employ model-based
designs (4), such as the continual reassessment method (CRM) (5-8), or model assisted designs, such
as a modified toxicity probability interval (mTPI) design (9). In addition, randomised dose finding
phase | clinical trials (such as those which randomise to attain the optimal doses or dose schedules
once safety has been assured (10)) and single arm phase Il designs (11) are being used, all of which
require significant statistical input before, during and at the analysis stage of the clinical trial. The
use of these more statistically involved clinical trial designs has been accelerated by oncology clinical
trials where examples of their use is more prevalent (12) however examples are emerging across
other disease areas (13).

The International Council for Harmonisation of Technical Requirements for Registration of
Pharmaceuticals for Human Use (ICH) E9 guidelines state that ‘although the early phases of drug
development consist mainly of clinical trials that are exploratory in nature, statistical principles are
also relevant’(14). As early phase clinical trials utilise statistical model based designs, the
requirement for good quality SAPs, including additional statistical parameters and progression
criteria to later phase research, becomes an even greater necessity (15,16), with the trial statistician
playing a key role in designing, and undertaking analysis of early phase clinical trials.

Guidelines for the content of SAPs were published in 2017 (1) and highlighted the need for a detailed
SAP to improve transparency, clinical trial quality, and accuracy. These guidelines were developed
with the primary intention of being applicable to the analyses of later-phase randomised controlled
trials (RCTs) and acknowledged that despite some recommendations being transferable, specific
consideration and guidance are needed for early phase clinical trials. These guidelines were
discussed at a UK Clinical Research Collaboration (UKCRC) Registered Clinical Trials Unit (CTU)
Network Statisticians’ Operational Group meeting in April 2018, confirming that specific
consideration and guidance for early phase clinical trials was an area of unmet need. This was based
on the fact that early phase clinical trials are often not randomised, often use adaptive designs, and
often otherwise have statistical considerations and requirements that are different in character from
those of later-phase, RCTs. This discussion led to this extension of those 2017 guidelines to address
the needs and considerations of SAPs for early phase clinical trials. Given the drug development
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pathway, early phase clinical trials are more prevalent than late phase (17), highlighting the
importance and impact of this guidance.

Here we describe the development of an extension to published guidelines for SAP content to
broaden their applicability to early phase clinical trials. These recommendations are intended to
guide the authoring of SAPs for all early phase studies, irrespective of the study design used (rule-
based, model-based, model-assisted, or randomised phase | trials; or single arm phase Il designs).
Beyond the scope of this extension are randomised phase Il trials given that they are covered by the
existing SAP guidelines for randomised trials.

Development of Early Phase SAP Guidance Extension

This guidance document encapsulates the findings of: a comprehensive search to identify existing
published protocols, SAPs and SAP guidance; a survey of clinical trial funders and regulators; a survey
of current practice of statisticians within UKCRC registered CTUs; a critical appraisal and expert
review meeting; and a pilot of the proposed guidelines.

An overview of this process is given in appendix 1.

Literature Review of Existing Guidance

A literature review was undertaken to identify peer-reviewed publications of applicable guidelines,
and example clinical trial protocols and SAPs, the search terms are given in appendix 2. The
Enhancing the QUAIity and Transparency Of health Research (EQUATOR) network repository was
searched to identify existing guidance; PubMED was searched to identify published SAPs; and a
PubMED search of early phase (encompassing phase | and phase Il) clinical trial protocols. The search
of protocols was undertaken to capture the statistical detail contained within these documents, as
SAPs may not always have been written for some early phase clinical trials.

These searches were performed independently by two statisticians, with all papers categorised as
either a relevant and methodological paper; a relevant and published protocol or SAP, or; not
relevant. Reasons for classifying publications as not relevant included the paper pertaining to: late
phase trials; cluster-randomised trials; epidemiological studies; meta-analyses and systematic
reviews; results papers; editorial publications, or; other reasons of non-relevance decided at the
discretion of the reviewers (e.g. methodological papers, and SAPs for literature reviews). Any
discrepancies regarding relevance categorisation were discussed and resolved by mutual agreement.

The literature review was initially performed in November 2019 and updated in October 2020. Of
the 610 papers returned by the literature review, 500 were excluded due to non-relevance. The
number of papers categorised according to each exclusion reason can be found in Figure 1. The
exclusion reasons categorised as other included: statistical and clinical trials methodology and
reviews; SAPs for sub-studies of RCTs; and SAPs for sub-studies. The SAP and protocol search
identified two papers perceived to be SAP guidelines, the first being the original guidelines for the
content of SAPs (1), and the second an overview to the typical content of SAPs for various study
types (e.g., RCTs and observational studies) rather than proposing recommended content for SAPs
(19). The literature review found three early phase SAP publications (20-22) and 105 published early
phase protocols, containing some statistical content. The three published early phase SAPs were all
single arm phase Il clinical trials, and of the 105 published protocols one included a SAP as an
appendix (23), seven indicated a separate SAP had been written (but did not make it available) and
the remainder typically contained varying but limited statistical content. These findings are
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consistent with the notion that while there has been an increase in the publication of SAPs, these
are overwhelmingly late phase clinical trials.

Survey of clinical trial funders and regulators

The same clinical trial funders and regulators contacted during the original SAP guidance
development (1) were contacted via email in January 2020. Funders were initially contacted to gauge
whether they fund early phase clinical trials. If a response was not received, up to two further
reminder emails were sent. Surveys were sent to all regulators and those organisations who
confirmed the scope of their funding considerations would extend to early phase clinical trials.
Consultation with clinical trial funders led to the identification of two additional dedicated early
phase clinical trial funders who were also approached. A list of organisations contacted is provided in
Appendix 3.

The goal of these surveys was to ascertain funding and regulatory requirements of design, analysis,
publication, and SAP contents for early phase clinical trials.

Of the 39 funding institutions contacted, 28 responded to our request for information, 15 of whom
indicated that they would fund early phase research. The European Medicines Agency (EMA) and
Medicines and Healthcare products Regulatory Agency (MHRA) provided their regulatory
requirements for early phase clinical trials. Additionally, guidance pertaining to the running and
conduct of early phase clinical trials (including: multiple ICH documents (14,24-26); the Royal
Statistical Society (RSS) working party report on statistical issues in First-in-Man studies (27); various
Consolidated Standards of Reporting Trials (CONSORT) statements (28—31); and publicly available
regulatory guidance (32)) were reviewed. The predominant documents funders referred to were ICH
E9 (14) and existing late phase guidance (1). The prevailing findings were that:

e Dose-escalation decisions, stopping criteria, and interim go/no-go criteria are often poorly
documented potentially resulting in ambiguous and non-robust decisions to escalate;

e The statistical design and analysis plan are often not clearly justified;

e Where model-based approaches are used, the choice of model should be clearly justified,
and the risk of overdosing must be quantified and justified to be acceptable, supported by
simulation where applicable;

e Appropriate sample sizes for early phase clinical trials can be better justified statistically, e.g.
by simulation, as opposed to by mere custom and historical practice, and that sufficient
detail regarding the sample size should be included (with supplemented code to help
facilitate this where appropriate) to allow for full replication;

e The programming codes for modelling should either be suitably referenced or made
available in the SAP so that escalation decisions can be replicated and reproduced, and;

e Standard statistical principles (e.g., the implication of interim analyses on the overall
integrity of the clinical trial and Type | error control) are still applicable.

Survey of Clinical Trials Units

The survey was developed based on the original SAP guidance survey (1) and tailored to early phase
clinical trials. The aim was to identify CTUs conducting early phase clinical trials and the current
practice within those units for developing SAPs. The survey (Appendix 3) was circulated to CTUs in
the UKCRC network. A list of the 53 registered CTUs was accessed (May 2020) from the UKCRC
website (15) to cross-check responders.

https://mc.manuscriptcentral.com/bmj
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A senior statistician at each CTU was asked to complete the survey to reflect practices and majority
opinion within the statistician’s CTU in May 2020. If no response was received then two reminder
emails were sent via the mailing list to encourage responses, and then contacts at the unit were
approached directly for a response.

Example SAPs shared by CTUs conducting early phase clinical trials were collated and reviewed for
content to establish the current level of detail provided. To ensure as much coverage for study
design types and disease areas, examples were sought from multiple scenarios, including design
based (e.g. rule-based, model-based, or single-arm phase Il) and disease based (oncology or non-
oncology).

Of the 53 CTUs, 40 (75%) responded to the survey about their experiences of SAPs for early phase
clinical trials. Of the 40 responders, 21 (53%) declared to design and analyse early phase clinical
trials. On enquiry, the remaining 13 CTUs who did not respond did not conduct early phase clinical
trials and so were not pursued further.

The prevailing practice of the 21 CTUs statistically designing and conducting early phase clinical trials
at the time of survey circulation was to have a generic template (or set of instructions) applicable to
all phases of clinical trial, without specific instructions or sections for early phase clinical trials (n=15,
73%). Three CTUs (14%) reported having no template. Importantly, only 3 (14%) CTUs reported
having a template specific to early phase clinical trials. Most units (n=20, 95%) highlighted the desire
for early phase SAP guidance, and all indicated they would use the guidance extension if it existed.

Critical Appraisal and Expert Review Meeting

The first draft of the guidance was produced using the literature reviews, funding and regulatory
requirements, CTU examples, and authors’ experience. An international expert review panel was
convened of UK and US academic, pharmaceutical, NHS (UK only) and regulatory representatives.
Details of the panel are provided in Appendix 4.

The expert review panel met virtually on the 26% October 2020 with contribution and attendance
from 16 statisticians from 14 organisations. Participants critically appraised the first draft of the
extension in advance of the meeting in preparation of wider discussion with the group. Considerable
discussion centred on the level of detail required from the guidelines and areas that required
expansion or clarification. Comments were received from meeting attendees, and a further five
statisticians who were unable to attend the meeting.

Consensus was reached at this meeting regarding several areas for inclusion of content and
recommendations. Following incorporation of comments, attendees reviewed and provided
feedback prior to finalising the draft guidance extension for piloting within CTUs.

Piloting of the Early Phase Trial Extension

Following the expert review meeting, the guidelines extension was updated and piloted at six UK
CTUs. The aim of the pilot was to ensure the guidance extension produced was fit-for-purpose,
appropriate to the needs of statisticians authoring early phase clinical trial SAPs, and to identify any
items requiring further clarification. The pilot was conducted between December 2020 to March
2021 whereby participating CTUs were invited to give formal feedback via email.

Piloting covered both phase | and phase Il clinical trial designs, and different therapeutic areas.
Feedback was universally positive with minimal amendments (improved wording and clarifications)
made to the guidelines extension, which were then finalised.

https://mc.manuscriptcentral.com/bmj
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Ethics

Consistent with the development of the original SAP guidance, ethical approval was not sought for
the distribution of surveys, rather consent to take part was indicated by survey participation.

Early Phase Extension to Existing SAP Guidance

The resulting recommendations for the early phase clinical trial SAP content guidelines extension are
presented in Table 1. Of the original 55 items proposed in the original SAP content guidance (1), 30
items have remained unchanged, 25 have been modified to better reflect early phase clinical trials,
and a further 11 new items have been proposed. Significant modifications and new items include:

e Increased details regarding statistical design methodology, and where appropriate model
choice;

e Update of outcome definitions to include definition of estimands in line with the principles
outlined in ICH E9 (R1);

e Inclusion of simulation reports incorporating operating characteristics, to justify statistical
design and/or sample size where applicable;

e Inclusion of code required for novel methodology;

e Inclusion of dose transition pathways, where appropriate, and;

e Amendments to wording to be more neutral to both frequentist and Bayesian methodology,
to reflect that some early phase clinical trials designs, particularly phase |, are underpinned
by Bayesian methods.

Minor changes were made to items including updates to the descriptions to ensure pertinence to
early phase clinical trials. Items where there is no text in the “Recommended Early Phase Clinical
Trials Extension” column in Table 1 indicates that the original item is appropriate and also covers the
necessary content for early phase clinical trials.

An elaboration of each item within the extension guidelines is included in Appendix 5, with example
text covering various early phase clinical trial designs and therapeutic areas. These examples are
intended to be illustrative and are not an endorsement of the methods described.

Discussion

Critical appraisal of clinical trials is only possible if their design, conduct, and analysis are pre-
defined, thoroughly and clearly described. It is crucial that planned trial analyses are suitably pre-
defined, typically in a SAP. This increases the credibility of results by minimising the opportunity of
making data-driven decisions, or selecting estimands or methodology to produce a more positive
trial outcome. With increased focus on transparency and concerns regarding reproducibility of
results alongside the ability to reconstruct clinical trial design and analyses, guidance has been
produced for prospective reporting of SAPs for RCTs (33) which advocate that SAPs should be made
publicly available. However, this has generally focused on late phase clinical trials and the needs of
early phase clinical trials have not explicitly been considered, acknowledging the need for extensions
(1). The absence of transparency for early phase clinical trials and guidance tailored to these designs
could result in biased results, which could in turn misinform decision-making in clinical development.
This SAP guidance extension has been developed to enable statisticians, triallists, and clinical
investigators conducting early phase clinical trials to author clear and relevant SAPs for those clinical
trials. The desired outcome being that these clinical trials would be run with increased transparency
and increase the likelihood of accurate conclusions.
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One of the major updates of the extension is the development of wording regarding outcome
measures and estimands (Appendix 5, Section 6, item 26), following ICH E9 (R1) addendum on
estimands and sensitivity analyses in clinical trials (26). Although ICH E9 (R1) focuses on the analysis
and interpretability of late-phase trials, it clearly states that the same principles apply to single arm
trials, therefore encompassing early phase designs. At the time of publication, estimands are not
widely used in early phase clinical trials with working groups convened specifically to advise on this
issue (for example, the Oncology Estimand Working Group (34) and the Estimand Implementation
Working Group (35)). These groups will provide or publish guidance and examples pertaining to
estimands for early phase clinical trials, which should be incorporated into the authoring of SAPs in
the future. This may also necessitate revisions to this document.

Another significant component to the extension includes a simulation report template. In all phases
of clinical trials there is a need to ensure that the clinical trial will yield an accurate, unbiased result.
For fixed or late phase clinical trials, this typically manifests as a formal sample size calculation.
However, for model-assisted and model-based early phase designs, this is not appropriate. Instead,
simulations to assess the designs operating characteristics are needed to ensure the clinical trial will
yield a result and provide sufficient overdose control (36). A template for the suitable simulation
report has not been developed as part of this project as they depend on multiple variables including
disease area, trial question, trial design, and methodology. Instead, suggestions for content are
provided in Appendix 5, Item 33. The same is true for relevant code and a reports template, with
suggestions provided in Appendix 5, items 35 and 36 respectively.

In early phase clinical trials, critical decisions regarding the trial progression often need to be made
at multiple time points, potentially as early as after the first patient has completed a specified
evaluation period. Therefore, compared to late phase clinical trials, SAPs for early phase clinical trials
will generally need to be authored earlier. It was acknowledged at the expert review meeting that
the first version of the SAP should be signed off prior to the trial opening, but acknowledging this is
not always feasible, and the panel recommended finalising the first version of the SAP prior to the
first analysis of clinical trial data, for example prior to evaluation of a potential first dose escalation
or any interim analysis.

It was acknowledged that the SAP should encompass all relevant points from Table 1, but
recommended that signposting be used to indicate location of details that are captured elsewhere in
documents such as in the clinical trial protocol or a simulation report, to avoid replication. The SAP is
not a standalone document and should be read in conjunction with other trial-related
documentation.

In certain scenarios, for example rule-based designs, it has been proposed that a SAP may not be
required for early phase clinical trials, for instance if all the applicable content according to these
guidelines is sufficiently detailed in the protocol. However, it is worth noting that any minor change
to that content as the clinical trial progresses would then necessitate a protocol amendment. The
combination of running an efficient clinical trial and the level of detail appropriate for analysis of
early phase clinical trials provided within this content justifies a standalone SAP.

Whilst not all UKCRC registered CTUs responded to our survey, this extension captures the opinions
of all those who design and analyse early phase clinical trials. Our work built upon the original SAP
guidelines which included a Delphi survey (37). In developing the extension to early phase clinical
trials an additional Delphi Survey was not considered necessary as the aim was to build upon existing
knowledge rather than requiring repetition of the process. Instead, we ensured that all relevant
stakeholder groups, including CTUs, funders and regulators, were included in the elicitation of
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information with the expert multidisciplinary panel assuming responsibility of ensuring detailed
considerations of the produced guidelines.

Our expert panel comprised of more academic statisticians compared to regulatory or
pharmaceutical statisticians. This under-representation was identified and more representatives
from these areas were invited to participate on the panel. In addition, some provided comments and
responded to surveys but were not able to participate in the expert panel. Importantly, every expert
panel member was invited to provide their opinions outside of the meeting and review the proposed
guideline extension independently and share with their colleagues. When these views were
combined, all views were weighted equally regardless of further participation in the extension’s
development, and consideration was taken in ensuring that the opinions of all stakeholder groups
were reflected in the final version, which all authors have contributed to and agreed upon.

Given the multitude and complexity of designs for early phase clinical trials, this guidance was
developed to be as generic and applicable as possible across all designs. A proportionate approach
was taken, striking a balance between an increased number of items but not increasing beyond the
minimum number of items needed to cover adequately the diverse features of early phase clinical
trial designs and analysis requirements. Methodological developments within early phase clinical
trials are increasingly prevalent and as such continued progress in this area is expected. The
guidance may need to be updated when developments in statistical techniques emerge, and as such
it may be useful to periodically review methodology and guidance documentation around early
phase clinical trials for necessary updates.

There remain certain types of trials, such as Bayesian or adaptive trials, not covered by this
extension or the original guidance, which will require additional considerations incorporating
available regulatory and published guidance.

This guidance document provides a necessary extension to the SAP guidelines paper published by
Gamble et al. (1) for early phase clinical trials.

Conclusions

In conclusion, guidelines are presented here for an extension to existing SAP content guidance
appropriate for early phase clinical trials. Adherence to this extended guidance will support those
working in early phase clinical trials in producing robust conclusions to ensure correct decisions are
taken forward.
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Table 1: SAP Content Guidance Extension for Early Phase

Clinical Trials

Original SAP Content Guidance Recommended Early Phase Clinical Trials Extension
Guidance
Section/Item Item|Description ItemDescription
No No
Section 1: Administrative Information
Title and trial registration  1a  |Descriptive title that matches the
protocol, with SAP either as a
forerunner or subtitle, and trial
acronym (if applicable)
1b  [Trial registration number
SAP version 2 SAP version number with dates
Protocol version 3 Reference to version of protocol
being used
SAP revisions 4a  SAP revision history
4b  Justification for each SAP revision
4c  [Timing of SAP revisions in relation to
interim analyses, etc.
Roles and responsibility 5 Names, affiliations, and roles of SAP
contributors
Signatures of: 6a |Person writing the SAP
6b  Senior statistician responsible
6c [Chief investigator/clinical lead
Section 2: Introduction
Background and rationale 7 Synopsis of trial background and
rationale including a brief
description of research question and
brief justification for undertaking
the trial
Objectives 8 Description of specific objectives or ||8 Description of specific question, objectives or hypotheses. It
hypotheses should be made clear what the key objectives are (for
example primary and secondary objectives that
encompasses toxicity, efficacy, PK, PD, or some
combination).
Section 3: Study Methods
Trial design 9 Brief description of trial design 9a Brief description of trial design, including the trial phase and
including type of trial (e.g., parallel the design method (dose escalation e.g., CRM or single-arm
group, multiarm, crossover, phase Il e.g., Simon's Two Stage). If the trial has a
factorial) and allocation ratio and randomised element to it, summary information regarding
may include brief description of the randomisation, including the allocation ratio, should be
interventions specified.
9b [Treatment information, including the dose levels of
intervention(s). Where appropriate, and if multiple doses are
used, the following should also be reported: the ordering
nd combination (in the instance of multiple agents under
|ianvestigation) of dose levels, and the dose level to start at.
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Oc

Details regarding the statistical methodology underpinning
the trial, including the choice of the number of parameters
in the model if applicable, its empirical form and all
formulae. It is also important to ensure all model parameters
are given, including where appropriate, the weights of the
model.

Randomisation 10
Sample size 11
Framework 12
Statistical interim analyses [13a
and stopping guidance

13b

13c
Timing of final analysis 14
Timing of outcome 15

assessments

Section 4: Statistical Principles

Randomisation details, e.g., whether|
any minimization or stratification
occurred (including stratifying
factors used or the location of that
information if it is not held within
the SAP)

Full sample size calculation or
reference to sample size calculation
in protocol (instead of replication in
SAP)

Superiority, equivalence, or
noninferiority hypothesis testing
framework, including which
comparisons will be presented on
this basis

Information on interim analyses
specifying what interim analyses will
be carried out and listing of time
points

Any planned adjustment of the
significance level due to interim
analysis

Details of guidelines for stopping the
trial early

Timing of final analysis, e.g., all
outcomes analysed collectively or
timing stratified by planned length
of follow-up

Time points at which the outcomes
are measured including visit
“windows”

9d

Oe

10

11

12

13a

13b

13c

13d

Rules of the trial design and model.

Here information on the target objective (toxicity, response,
PK, or PD, either singularly or in combination), classification
of overdosing, and any stopping boundaries should be given.
This may include the desired certainty in these estimates.
Moreover, where dose decisions (e.g. escalation, de-
escalation, remain at current dose or stop early) are to
occur, details regarding dose transitions and dose skipping
should be given.

Experimental details and design specifics.

For dose escalation trials, information regarding cohort size,
including whether this is fixed or flexible should be given.

Indication of the stopping rules for interim and final
evaluations.

For model-based and model-assisted designs, details on the
prior including full skeleton (if applicable) and its elicitation
should be given.

For single arm phase |l trials, the target sample size and,
where appropriate, the timing of any interim analyses

Where appropriate, randomisation details e.g., whether any
minimisation or stratification occurred (including stratifying
factors used or the location of that information if it is not
held within the SAP) and where applicable, details on
blinding.

Full sample size determination or justification or reference
to relevant section in protocol (instead of replication in SAP)

If applicable, specify whether trial is to be performed under
hypothesis testing or Bayesian framework.

Information pertaining to interim dose decisions (e.g.
escalation, de-escalation, remain at current dose or stop
early).

Information on other interim analyses specifying what and
when interim analyses will be conducted.

Any planned adjustment of the significance level due to
interim analysis
Details of guidelines for stopping the trial early
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Indications of uncertainty: (16 |Level of statistical significance 16* |Level of statistical significance
17 |Description and rationale for any 17 |Description of any planned adjustment for multiplicity, and if
adjustment for multiplicity and, if so, including how the type 1 error is to be controlled
so, detailing how the type 1 error is
to be controlled
18 [Confidence intervals to be reported ||18 [Either confidence or credible intervals to be reported
(appropriately picked dependent on the trial methodology).
Adherence and protocol 19a |Definition of adherence to the
deviations intervention and how this is
assessed including extent of
exposure
19b [Description of how adherence to the|
intervention will be presented
19c [Definition of protocol deviations for
the trial
19d |Description of which protocol
deviations will be summarized
Analysis populations 20 |Definition of analysis populations, |20 [Clear definition of the trial/dose cohort(s) including how
e.g., intention to treat, per protocol, cohorts will be referred to, how patients enter cohorts, the
complete case, safety. minimum number of patients needed to be in a cohort (and
how long they have been in) before dose escalation
decisions can be made.
Trial level definitions of patient populations (e.g., per-
protocol, intention to treat, safety) should also be given.
Details regarding evaluable patients and specify what
happens to unevaluable patients should also be made.
These definitions should also be provided for any interim
analysis populations.
Section 5: Trial Populations
Screening data 21 |Reporting of screening data (if
collected) to describe
representativeness of trial sample
Eligibility 22 Summary of eligibility criteria
Recruitment 23 |Information to be included in the
CONSORT flow diagram
Withdrawal/follow-up 24a |Level of withdrawal, e.g., from
intervention and/or from follow-up
24b Timing of withdrawal/lost to follow-
up data
24c |Reasons and details of how
withdrawal/lost to follow-up data
will be presented
Baseline patient 25a |List of baseline characteristics to be [[25a* List of baseline characteristics to be summarised
characteristics summarized
25b |Details of how baseline
characteristics will be descriptively
summarized
Section 6: Analysis
Estimand definition » List and describe each primary and List and describe each primary and secondary estimands
secondary outcome including details including details of:
of:
26a Specification of outcomes and 26a [Details of the treatment (including treatment combinations),

timings. If applicable include the
order of importance of primary or
key secondary end points (e.g.,
order in which they will be tested)

and any alternative treatments to which comparisons will be
made (where appropriate). For dose-finding trials,
information on whether analysis will be performed per
cohort, per dose received, pooled across all dose levels, or in
some combination of these
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Analysis methods

Missing data

Additional analyses

Harms

Statistical software

References

BMJ

26b |specific measurement and units 26b The trial population, defined with reference to item 20,
(e.g., glucose control, hbAlc pertinent to each estimand
[mmol/mol or %])

26¢ |Any calculation or transformation  |26¢c [The variable of interest to be obtained for each patient that
used to derive the outcome (e.g., is required to address the scientific question. For outcomes
change from baseline, QoL score, recorded at multiple time points, distinction as to which of
time to event, logarithm, etc.) these time points are required for the estimand

26d [Intercurrent events and their handling strategy, including
adjustment to analysis
26e |Detail the population—level summary measure for each
estimand

27a what analysis method will be used [[27a What estimator and analysis method will be used and how
and how the treatment effects will the results will be presented
be presented

27b |any adjustment for covariates 27b* Any adjustments for covariates

27c |methods used for assumptions to be|[27c* Methods used to check assumptions of the underlying
checked for statistical methods statistical methods and goodness of fit for the model

27d |details of alternative methods to be [[27d* Details of alternative methods to be used if distributional
used if distributional assumptions assumptions do not hold
do not hold, e.g., normality,
proportional hazards, etc.

27e lany planned sensitivity analyses for [[27e Any planned sensitivity analyses for each estimand where
each outcome where applicable applicable

27f Jany planned subgroup analyses for [27f |Any planned subgroup analyses for each estimand including
each outcome including how how subgroups are defined
subgroups are defined

28 |Reporting and 28* Reporting and assumptions/statistical methods to handle
assumptions/statistical methods to missing data (e.g., multiple imputation)
handle missing data (e.g., multiple
imputation)

29 |Details of any additional statistical
analyses required, e.g., complier-
average causal effect analysis

30 Sufficient detail on summarizing 30 Sufficient detail on summarizing safety data outside of that
safety data, e.g., information on used for dose escalation (e.g., non-DLT safety data), e.g.,
severity, expectedness, and information on severity, expectedness, and causality; details
causality; details of how adverse of how adverse events are coded or categorised; how
events are coded or categorized; adverse event data will be analysed, i.e., by grade, incidence
how adverse event data will be case analysis, intervention emergent analysis
analysed, i.e., grade 3/4 only,
incidence case analysis, intervention
emergent analysis

31 [Details of statistical packages to be |31 |Details of statistical packages to be used to carry out design,
used to carry out analyses simulation and analyses

32a |References to be provided for
nonstandard statistical methods

32b |Reference to Data Management
Plan

32c |Reference to the Trial Master File
and Statistical Master File

32d |Reference to other standard

operating procedures or documents
to be adhered to

Section 7: Suggested SAP Appendices

Simulation Report

Dose transition Pathways

33

34

Operating characteristics of the trial design to assess the
probability of trial success under different plausible
scenarios.

For dose-escalation trials, indication of the dose transition
pathways (either using tables or trees/graphs) under
different DLT scenarios.
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Code 35 |Full model specification and programming code used for

evaluation of dose-escalation decisions

Reports Template 36 [Optional section detailing exemplar tables, graphs and

report templates.

Notes:
a. This item was called ‘Confidence intervals and P values’ in the Gamble et al. paper (1)]. It has been
changed to ‘Indications of uncertainty’ to reflect that many early phase trials designs are underpinned by
Bayesian methodology.
b. This item was called ‘Outcome definitions’ in the Gamble et al. paper (1). It has been changed to
‘Estimand definitions’ following the wider adoption of ICH E9 (R1; Addendum on estimands).

* These represent items for which the table description has remained the same, but the explanation, as
detailed in Appendix 5, has been amended.

Items where there is no text in the table for the extensions for early phase column indicates that the original
item is appropriate and covers the necessary content for early phase trials with examples for all items given in
Appendix 5.

Abbreviations:

- CONSORT: CONsolidated Standards Of Reporting Trial
- CRM: Continual Reassessment Method

- DLT: Dose Limiting Toxicity

- PD: PharmacoDynamics

- PK: PharmacoKinetics

- SAP: Statistical Analysis Plan
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Figure 1. Literature Review Results
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9 Notes: Correct as of 22~ October 2020. *Other reasons of non-relevance include: Statistical and
10 clinical trials methodology, and literature reviews; SAPs for sub-studies of randomised controlled
trials; and SAPs for sub-studies.
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Checklist 1: SAP Content Guidance Extension for Early Phase Clinical Trials

Recommended Early Phase Clinical Trials Extension Guidance

Page

Section/Item ItemDescription

No

Section 1: Administrative Information

Title and trial registration |la

1b
SAP version 2
Protocol version 3
SAP revisions 4a
4b
ac
Roles and responsibility 5
Signatures of: 6a
6b
e

Section 2: Introduction
Background and rationale |7

Objectives 8

Section 3: Study Methods
Trial design 9a

9b

9c

Descriptive title that matches the protocol, with SAP either as a forerunner or subtitle,
and trial acronym (if applicable)
Trial registration number

SAP version number with dates

Reference to version of protocol being used
SAP revision history

Justification for each SAP revision

Timing of SAP revisions in relation to interim analyses, etc.
Names, affiliations, and roles of SAP contributors

Person writing the SAP
Senior statistician responsible

Chief investigator/clinical lead

Synopsis of trial background and rationale including a brief description of research
question and brief justification for undertaking the trial

Description of specific question, objectives or hypotheses. It should be made clear what
the key objectives are (for example primary and secondary objectives that encompasses
toxicity, efficacy, PK, PD, or some combination).

Brief description of trial design, including the trial phase and the design method (dose
escalation e.g., CRM or single-arm phase Il e.g., Simon's Two Stage). If the trial has a
randomised element to it, summary information regarding the randomisation, including
the allocation ratio, should be specified.

Treatment information, including the dose levels of intervention(s). Where appropriate,
and if multiple doses are used, the following should also be reported: the ordering and
combination (in the instance of multiple agents under investigation) of dose levels, and
the dose level to start at.

Details regarding the statistical methodology underpinning the trial, including the choice
of the number of parameters in the model if applicable, its empirical form and all
formulae. It is also important to ensure all model parameters are given, including where
appropriate, the weights of the model.

9d

9e

Rules of the trial design and model.

Here information on the target objective (toxicity, response, PK, or PD, either singularly or
in combination), classification of overdosing, and any stopping boundaries should be
given. This may include the desired certainty in these estimates.

Moreover, where dose decisions (e.g. escalation, de-escalation, remain at current dose or
stop early) are to occur, details regarding dose transitions and dose skipping should be
given.

Experimental details and design specifics.

For dose escalation trials, information regarding cohort size, including whether this is
fixed or flexible should be given.

Indication of the stopping rules for interim and final evaluations.
For model-based and model-assisted designs, details on the prior including full skeleton
(if applicable) and its elicitation should be given.

For single arm phase Il trials, the target sample size and, where appropriate, the timing of
any interim analyses
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Randomisation

Sample size

Framework

Statistical interim analyses
and stopping guidance

Timing of final analysis

Timing of outcome
assessments

10 |Where appropriate, randomisation details e.g., whether any minimisation or stratification
occurred (including stratifying factors used or the location of that information if it is not
held within the SAP) and where applicable, details on blinding.

11 [Full sample size determination or justification or reference to relevant section in protocol
(instead of replication in SAP)

12 |If applicable, specify whether trial is to be performed under hypothesis testing or
Bayesian framework.

13a |Information pertaining to interim dose decisions (e.g. escalation, de-escalation, remain at
current dose or stop early).

13b |Information on other interim analyses specifying what and when interim analyses will be
conducted.

13c Any planned adjustment of the significance level due to interim analysis

13d |Details of guidelines for stopping the trial early

14 [Timing of final analysis, e.g., all outcomes analysed collectively or timing stratified by
planned length of follow-up

15 [Time points at which the outcomes are measured including visit “windows”

Section 4: Statistical Principles

Indications of uncertainty

Adherence and protocol
deviations

Analysis populations

16
17

18

19a

19b

19c¢
19d

Section 5: Trial Populations

Screening data
Eligibility

Recruitment
Withdrawal/follow-up

Baseline patient
characteristics

Section 6: Analysis
Estimand definition P

21
22

23

24a
24b
24c
25a
25b

26a

26b

Level of statistical significance

Description of any planned adjustment for multiplicity, and if so, including how the type 1
error is to be controlled

Either confidence or credible intervals to be reported (appropriately picked dependent on
the trial methodology).

Definition of adherence to the intervention and how this is assessed including extent of
exposure

Description of how adherence to the intervention will be presented

Definition of protocol deviations for the trial

Description of which protocol deviations will be summarized

Clear definition of the trial/dose cohort(s) including how cohorts will be referred to, how
patients enter cohorts, the minimum number of patients needed to be in a cohort (and
how long they have been in) before dose escalation decisions can be made.

Trial level definitions of patient populations (e.g., per-protocol, intention to treat, safety)
should also be given.

Details regarding evaluable patients and specify what happens to unevaluable patients
should also be made.

These definitions should also be provided for any interim analysis populations.

Reporting of screening data (if collected) to describe representativeness of trial sample
Summary of eligibility criteria

Information to be included in the CONSORT flow diagram

Level of withdrawal, e.g., from intervention and/or from follow-up

Timing of withdrawal/lost to follow-up data

Reasons and details of how withdrawal/lost to follow-up data will be presented

List of baseline characteristics to be summarised

Details of how baseline characteristics will be descriptively summarized

List and describe each primary and secondary estimands including details of:

Details of the treatment (including treatment combinations), and any alternative
treatments to which comparisons will be made (where appropriate). For dose-finding
trials, information on whether analysis will be performed per cohort, per dose received,
pooled across all dose levels, or in some combination of these

The trial population, defined with reference to item 20, pertinent to each estimand
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26¢

26d

The variable of interest to be obtained for each patient that is required to address the
scientific question. For outcomes recorded at multiple time points, distinction as to which
of these time points are required for the estimand

Intercurrent events and their handling strategy, including adjustment to analysis

26e

Analysis methods 27a

27b
27¢

27d
27e

27f
Missing data 28

Additional analyses 29

Harms 30

Statistical software 31

References 32a
32b

32c
32d

Detail the population—level summary measure for each estimand

What estimator and analysis method will be used and how the results will be presented

Any adjustments for covariates

Methods used to check assumptions of the underlying statistical methods and goodness
of fit for the model

Details of alternative methods to be used if distributional assumptions do not hold

Any planned sensitivity analyses for each estimand where applicable

Any planned subgroup analyses for each estimand including how subgroups are defined
Reporting and assumptions/statistical methods to handle missing data (e.g., multiple
imputation)

Details of any additional statistical analyses required, e.g., complier-average causal effect
analysis

Sufficient detail on summarizing safety data outside of that used for dose escalation (e.g.,
non-DLT safety data), e.g., information on severity, expectedness, and causality; details of
how adverse events are coded or categorised; how adverse event data will be analysed,
i.e., by grade, incidence case analysis, intervention emergent analysis

Details of statistical packages to be used to carry out design, simulation and analyses
References to be provided for nonstandard statistical methods

Reference to Data Management Plan

Reference to the Trial Master File and Statistical Master File

Reference to other standard operating procedures or documents to be adhered to

Section 7: Suggested SAP Appendices

Simulation Report 33

Dose transition Pathways 34

Code 35
Reports Template 36
Notes:

Operating characteristics of the trial design to assess the probability of trial success under
different plausible scenarios.

For dose-escalation trials, indication of the dose transition pathways (either using tables
or trees/graphs) under different DLT scenarios.

Full model specification and programming code used for evaluation of dose-escalation
decisions

Optional section detailing exemplar tables, graphs and report templates.

a. This item was called ‘Confidence intervals and P values’ in the Gamble et al. paper (1)]. It has been
changed to ‘Indications of uncertainty’ to reflect that many early phase trials designs are underpinned by

Bayesian methodology.

b. This item was called ‘Outcome definitions’ in the Gamble et al. paper (1). It has been changed to
‘Estimand definitions’ following the wider adoption of ICH E9 (R1; Addendum on estimands).

Abbreviations:

- CONSORT: CONsolidated Standards Of Reporting Trial
- CRM: Continual Reassessment Method

- DLT: Dose Limiting Toxicity

- PD: PharmacoDynamics

- PK: PharmacoKinetics

- SAP: Statistical Analysis Plan
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Appendix 1: Overview of Early Phase SAP Guidance Extension Process

Figure S1: Schema detailing overview of early phase SAP guidance extension process
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Appendix 2: Literature Search Terms

PubMED SAP Search
1. “Statistical Analysis Plan”
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Appendix 3. Surveys of Clinical Trials Regulators, Funders and CTUs

List of Clinical Trial Regulators and Funders Contacted:

Name of Organisation Type
Medicines & Healthcare Products Regulatory Agency (MHRA) Regulator
European Medicines Agency (EMA) Regulator
U.S. Food and Drug Administration (FDA) Regulator
Health Technology Assessment (HTA) Funder
Public Health Research (PHR) Funder
Health Services and Delivery Research (HS&DR) Funder
Efficacy and Mechanism Evaluation (EME) Funder
Chief Scientist Office (CSO) Funder
National Institute for Social Care and Health Research (NISCHR) Funder
Medical Research Council (MRC) Funder
European and Developing Countries Clinical Trials Partnership (EDCTP) Funder
Horizon 2020 Funder
Medical Council of Canada (MCC) Funder
Canadian Cancer Trials Group Sponsor
Experimental and Clinical Research Center (ECRC) Funder
National Institute of Health (NIH) Funder
Cancer Research UK Charitable
Leukaemia UK Charitable
Lymphoma Research Trust Charitable
Multiple Sclerosis Society Charitable
Action Medical Research Charitable
Age UK Charitable
Alzheimer's Research UK Charitable
Arthritis Research UK Charitable
Asthma UK Charitable
Breast Cancer Now (formerly Breakthrough Breast Cancer) Charitable
Breast Cancer Campaign Charitable
British Heart Foundation Charitable
Bupa Foundation Charitable
Cystic Fibrosis Trust Charitable
Epilepsy Action Charitable
Epilepsy Research UK Charitable
Marie Curie Cancer Care Charitable
Meningitis UK Charitable
Roy Castle Lung Foundation, The Charitable
SPARKS - The Children's Medical Research Charity Charitable
Wellcome Trust, The Charitable
European Organisation for Research and Treatment for Cancer (EORTC) Charitable
Association of Medical Research Charities (AMRC) Charitable
Experimental Cancer Medicine Centres Funder
IMPACT Clinical Trials Partnership Funder
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List of UKCRC Registered CTUs Contacted:

Barts and the London Pragmatic CTU

Barts Clinical Trials Unit

Birmingham Clinical Trials Unit

Bristol Clinical Trials and Evaluation Unit

Bristol Randomised Trials Collaboration

CaCTUS (Cancer Clinical Trials Unit Scotland)
Cambridge Clinical Trials Unit (CCTU)

Cancer Research UK Clinical Trials Unit (CRCTU)
Centre for Healthcare Randomised Trials (CHaRT)
Centre for Trials Research

Comprehensive CTU @ UCL

CR UK & UCL Cancer Trials Centre

Diabetes Trials Unit (Churchill Hospital, Oxford)
Edinburgh Clinical Trials Unit, Edinburgh

Glasgow Clinical Trials Unit

Imperial Clinical Trials Unit

Intensive Care National Audit & Research Centre
(ICNARC) CTU

Keele Clinical Trials Unit

King's Clinical Trials Unit at King's Health Partners
Leeds Clinical Trials Research Unit

Leicester Clinical Trials Unit

Liverpool Trials Collaborative

London School of Hygiene & Tropical Medicine
Manchester Clinical Trials Unit

Medical Research Council Clinical Trials Unit at UCL
Newcastle Clinical Trials Unit (NCTU)

NHS Blood and Transplant Clinical Trials Unit
North Wales Organisation for Randomised Trials in
Health (NWORTH)

Page 30 of 82

Northern Ireland Clinical Trials Unit

Norwich Clinical Trials Unit

Nottingham Clinical Trials Unit

NPEU Clinical Trials Unit

Oxford Clinical Trial Service Unit & Epidemiological
Studies Unit (CTSU)

Oxford Clinical Trials Research Unit (OCTRU)
Oxford Primary Care and Vaccines Collaborative Clinical
Trials Unit

Papworth Trials Unit Collaboration

Peninsula Clinical Trials Unit

PRIMENT Clinical Trials Unit at UCL

Royal Marsden Clinical Trials Unit (RM-CTU)
Sheffield Clinical Trials Research Unit
Southampton Clinical Trials Unit

Surrey Clinical Trials Unit

Swansea Trials Unit

Tayside Clinical Trials Unit

The Institute of Cancer Research Clinical Trials &
Statistics Unit (ICR- CTSU)

Warwick Clinical Trials Unit

York Trials Unit

Brighton and Sussex Clinical Trials Unit*
Cambridge Epidemiology & Trials Unit*

Derby Clinical Trials Support Unit (DCTSU)*
Exeter Clinical Trials Unit*

Hull Health Trials Unit*

Lancashire Clinical Trials Unit*

*These units had provisional status at the time of survey circulation.
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Appendix 4: Expert Panel

Academic Statisticians (alphabetic by surname)

Cono Ariti (Centre for Trials Research, University of Cardiff)

Simon Bond (Cambridge Clinical Trials Unit, Cambridge)

Sarah Brown (Clinical Trials Research Unit, Leeds Institute of Clinical Trials Research,
University of Leeds)

Michael Cole (Newcastle Clinical Trials Unit, University of Newcastle)

Carrol Gamble (Liverpool Clinical Trials Centre, University of Liverpool)

Piers Gaunt (Cancer Research Clinical Trials Unit, University of Birmingham)

Samantha Hinsley (Cancer Research UK Glasgow Clinical Trials Unit, University of Glasgow)
Jane Holmes (Oxford Clinical Trials Research Unit, Centre for Statistics in Medicine, Nuffield
Department of Orthopaedics, Rheumatology and Musculoskeletal Sciences, University of
Oxford)

Victoria Homer (Cancer Research Clinical Trials Unit, University of Birmingham)

Emily Robinson (Royal Marsden Clinical Trials Unit, The Royal Marsden NHS Foundation
Trust)

Matthew Schipper (Departments of Radiation Oncology and Biostatistics, University of
Michigan)

Deborah Stocken (Leeds Institute of Clinical Trials Research, University of Leeds)

Katrina Walker (Clinical Trials Research Unit, Leeds Institute of Clinical Trials Research,
University of Leeds)

Christopher Weir (Edinburgh Clinical Trials Unit)

Graham Wheeler (Imperial Clinical Trials Unit, Imperial College London)

Christina Yap (Clinical Trials and Statistics Unit, The Institute for Cancer Research, London)
Ly-Mee Yu (Primary Care Clinical Trials Unit, University of Oxford)

Pharmaceutical Statisticians (alphabetic by surname)

Alun Bedding (Roche Products Ltd.)
John Kirkpatrick (Roche Products Ltd.)
Thomas Prior (Janssen Research & Development)

Regulatory Statisticians

Khadija Rantell (Medicines and Healthcare products Regulatory Agency)
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Appendix 5. Explanation and Elaboration of Essential Items

Examples from the given references. Some may have been updated to: remove sensitive information
(for unpublished SAPs), negate circular references, and/or to increase compliance within guidelines.
Moreover, some examples are fictitious.

Section 1: Administrative Information

Title and trial registration

Item 1a:

Descriptive title that matches the protocol, with SAP either as a forerunner or subtitle, and trial
acronym (if applicable).

Explanation:

“The title provides vital information required for trial identification. The title should unambiguously
state which trial the SAP relates to and should therefore be identical to the trial protocol with
‘Statistical analysis plan’ either as a fore runner or sub-title. Ideally the title should identify the study
design, population, interventions, and, if applicable, trial acronym.” [1]

Example:
“CAMELLIA: A Phase | dose escalation trial of a Humanized Monoclonal Antibody in Haematological
Malignancies Statistical Analysis Plan” [2]

“Statistical analysis plan for the BUTEO trial: a single arm, two-stage, multi-centre, phase Il clinical
trial investigating the safety and activity of the use of a human monoclonal antibody, in the
treatment of patients with primary sclerosing cholangitis (PSC)” [3]

Title and trial registration
Item 1b:
Trial registration number.

Explanation:

“A trial registration number should be provided which uniquely identifies a clinical trial and its
existence on a publicly-accessible registry. The International Committee of Medical Journal Editors
(ICMJE) mandates the registration of clinical trials in a primary register of the World Health
Organization (WHO) International Clinical Trials Registry Platform (ICTRP) or in ClinicalTrials.gov
before recruitment of the first patient as a condition of consideration for publication [4]. This
identifier should be clearly listed in all relevant documentation including the protocol and the SAP.”

(1]

SAP version
Item 2:
SAP version number with dates.

Explanation:

“Sequentially numbering and dating each SAP version avoids any confusion over which document is
the most recent. Transparent tracking of version numbers and amendments facilitates trial conduct,
review and oversight. The first final version of a document will be Version 1.0. It is recommended
that subsequent final documents will have an increase of “1.0” in the version number (1.0, 2.0, etc.).

https://mc.manuscriptcentral.com/bmj
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While the document is under review, subsequent draft versions will increase by “0.1”, e.g., 1.1, 1.2,
1.3, etc. When the revised document is deemed final, the version will increase by “1.0” over the
version being revised, e.g., the draft 1.3 will become a final 2.0.” [1]

Example:
“Version 1.0 (21 Apr 2017)” [5]

Protocol version
Item 3:
Reference to version of protocol being used.

Explanation:

“Referencing the version of the protocol being used is helpful as it links the SAP to the protocol and
serves as a reminder that the SAP is not a standalone document and needs to be read in conjunction
with the corresponding version of the protocol. This avoids the need for the author to duplicate
information from the protocol in the SAP. If there have been protocol amendments after the SAP has
been written then the SAP needs to be reviewed against the amendments, and updated where
necessary. The information in SAP revision history table may be extended to record that the SAP has
been reviewed in light of protocol amendments but no changes were required.” [1]

Example:
“This statistical analysis plan is based on protocol version 5 dated 24 February 2015.” [5]

SAP revisions
Item 4a:
SAP revision history.

Item 4b:
Justification for each SAP revision.

Item 4c:
Timing of SAP revisions in relation to interim analyses, etc.

Explanation:

“A clear explanation of the changes made between each version of the SAP is essential, along with a
justification for the revision and the date. This is important to maintain transparency. After the first
version of the SAP is agreed and signed off, the SAP revision history should include the following
information: the previous version number, the SAP section changed, details of the change made
along with justification for the revision, and date of revision. A justification for each SAP revision is
necessary to document the reasons for changes. This ensures the external validity of the trial as it
demonstrates that changes are not being made based on unblinded trial data. From a regulatory
perspective when SAP revisions occur after unblinded interim analyses have been conducted the
people involved in deciding, writing, or approving the SAP should ideally have no knowledge of
unblinded data particularly if the trial will be used for a licence application. In other situations, it may
be sufficient for the justification to document the reason for the change is not based upon
comparative data and for the approver to have no knowledge of unblinded data.” [1]

Example

https://mc.manuscriptcentral.com/bmj
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Table A3a: Version History
Statistical Analysis Plan version: Reason for update:
Vn1.0, Vd15-Jan-2016 Initial release
Vn2.0, Vd12-Aug-2016 Updated to match protocol: objectives, DLT

definition. Using cohorts of 3-5 patients.

Vn3.0, Vd09-Mar-2018 Addition of definitions of populations for analysis
and protocol changes

(6]

Roles and responsibility
Item 5:
Names, affiliations, and roles of SAP contributors.

Explanation:

“Individuals who contribute significantly to SAP development should have their contributions
described. Listing the SAP contributors, their affiliations and their roles in the SAP development
process provides due recognition, accountability, and transparency. Naming of authors and
statements of author’s contributions is standard for SAPs published in journals such as Trials, but
rare in unpublished SAPs. Contributors may be non-signatory members if only the statistician writing
the SAP, supervising senior statistician and the chief investigator/clinical lead will sign and approve
the SAP.” [1]

Signatures of:
Item 6a:
Person writing the SAP.

Explanation:

“The signature of the person writing the SAP is crucial as it identifies who is responsible for the SAP
and that they have approved the SAP. In all circumstances this should be signed and dated. If an
update has been made then the author of the update should sign the updated version.” [1]

Signatures of:
Item 6b:
Senior statistician responsible.

Explanation:

“The signature of the senior statistician responsible for overseeing the trial is important as it
highlights that the SAP has been reviewed and approved by an experienced statistician. In some
circumstances the senior statistician may be the person writing the SAP and such a dual role should
be reflected in the signatories. The signature should always be dated.” [1]

https://mc.manuscriptcentral.com/bmj
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Signatures of:
Item 6¢:
Chief investigator/clinical lead.

Explanation:

“The signature of the chief investigator/clinical lead demonstrates that they have reviewed and
approved the SAP. Once the final version has been approved and signed off it avoids any post-hoc
changes being made without the justification and approval of all signatory members to maintain
internal and external trial validity. The signature should always be dated.” [1]

Section 2: Introduction

Background and rationale

Item 7:

Synopsis of trial background and rationale including a brief description of research question and
brief justification for undertaking the trial.

Explanation:

“The full rationale for undertaking the trial and trial background are explained in detail in the
protocol so only a brief synopsis is necessary within a SAP to avoid duplication of information. The
synopsis should include justification for undertaking the trial, why the trial is needed and description
of the research question. This item would be regarded as essential if the SAP is to be accessible
externally (e.g., published in a journal or on a website) but is optional if the SAP is an internal
document only.” [1]

Example:

“There is substantial non-clinical, preclinical and clinical data that the therapy can arrest the
autoimmune mediated destruction of pancreatic beta cells by induction of functional Tregs that
inhibit islet specific autoreactive Teffs. However, prior to embarking on large proof of concept trials
in type 1 diabetes it is essential that the dose of the therapy that induces an increase in Treg
proportion while resolving qualitative defects is determined.” [7]

“This is a phase | clinical trial of the combination of the experimental drug combination in patients
with advanced solid tumours. It is a dose escalation study to establish the recommended phase Il
dose followed by an expansion phase to further assess tolerability, PK/PD profile and antitumor
activity of the recommended dose of the combination.” [5]

Objectives

Item 8:

Description of specific question, objectives or hypotheses. It should be made clear what the key
objectives are (for example primary and secondary objectives that encompasses toxicity, efficacy,
PK, PD, or some combination).

Explanation:

The trial objectives reflect the scientific questions to be answered by the trial, defining its rationale
and scope. This information may be provided in sufficient detail within the protocol, in which case a
reference would be sufficient. If the protocol contains insufficient detail, then additional detail may
be required within the SAP. From the trial objectives or hypotheses, it should be clear whether the

final trial conclusions (and where appropriate, the dose to be taken forward), are to be based on
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toxicity, efficacy, PK, PD or some combination of the aforementioned. In the scenario where the
design is jointly assessing toxicity and efficacy, it should be clear which one is to take precedent in
the scenario where they draw different conclusions.

Example:

“ADaPT aims to establish a dose of the treatment sufficient to raise circulating DHEA levels in
severely injured trauma and hip fracture patients with rule-based escalation supplemented by
Bayesian hierarchical models.” [8]

“CLARITY aims to assess the eradication of detectable minimal residual disease (MRD) using the drug
combination.” [9]

Section 3: Study Methods

Trial design

Item 9a:

Brief description of trial design, including the trial phase and the design method (dose escalation
e.g., CRM or single-arm phase Il e.g., Simon's Two Stage). If the trial has a randomised element to it,
summary information regarding the randomisation, including the allocation ratio, should be
specified.

Explanation:

Specify the trial design, including references where appropriate. Including the trial phase (e.g., phase
| with dose expansion cohort, or phase I/11) is important in the context of early phase trials as there
can be less clear distinction between trial phases. The content and level of detail required in the SAP
is directly dependent on the methodology that underpins the trial. By making this apparent at an
early stage, it encourages transparency and focuses the SAP.

While randomisation is rare in early phase clinical trials, it can occur. If a trial has a randomised
element, it is important to state: i) whether the analysis is intended to be comparative, ii) to provide
the allocation ratio, and iii) to specify which aspects are blinded. For example, in the instance of a
placebo-controlled trial, the trial may be blind to active treatment vs placebo within cohort, but the
dose level used in each cohort may be open.

Example:

“This is a prospective, single centre, cross-sectional, randomised, pharmacokinetics study with rule
based escalation supplemented by Bayesian hierarchical models. Further details regarding the
proposed Bayesian models can be found in section X. The randomised element of the trial
randomises patients 1:1 to receive IMP either orally or sublingually. The randomisation will not
formally be comparative but aid the evaluation of the secondary trial objectives. The randomisation
will not be blinded.” [8]

“This is an open-label, multi-centre, dose-escalating adaptive platform phase Ib/lla trial.

The trial will employ a two-stage modified Time-To-Event Continual Reassessment Method for
Partial Ordering (PO TiTE-CRM, described in section X) to determine the Maximum Tolerated Dose
(MTD) of the drug in combination with radiotherapy.” [10]
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Trial design

Item 9b:

Treatment information, including the dose levels of intervention(s). Where appropriate, and if
multiple doses are used, the following should also be reported: the ordering and combination (in the
instance of multiple agents under investigation) of dose levels, and the dose level to start at.

Explanation:
All relevant treatment information should be made available in the SAP, or suitably referenced to in
supporting documents (such as the protocol).

In early phase clinical trials, it may be the case that multiple dose levels of treatment are under
investigation. If this is the case, then it is advised that these dose levels and their ordering should be
clearly written for all trial designs (not just those with a partial ordering component). Here it may be
appropriate to include, or refer to, a trial schema or table which should clearly depict the ordering of
dose levels. This removes any potential for confusion or ambiguity. Alternatively, if a dose range or
formulation is to be administered (e.g., dose volume = (body surface area x Dose Level)/
Concentration of Drug), this should here be specified.

Similarly, the starting dose level of investigation should be made clear. If the trial is to dose escalate
and use small cohort run-ins, this should be stated along with when and how this will stop (i.e., what
will trigger the full cohort size to be used).

Where multiple doses are used, it is best practice to specify the dose levels under investigation in
advance. However, there are times when this is not possible, such as when instances where IMP is
administered by IV. If this is the case, careful and thorough documentation should here be provided
regarding how doses will be chosen and dose escalation will occur.

Where only a single dose is under investigation the details provided in this section will be briefer.

Example:

“Five doses (1x10%; 3x10%; 1x10; 3x10% and 1x10:2) of drug will be investigated using a 3+3 design.
The first cohort will be treated at dose 1x10%. The doses given to subsequent cohorts will be
adaptively selected based on the incidence of DLTs. This design will require a maximum sample size
of 30 patients, and could stop the trial early if excess toxicity is observed at a dose.” [11]
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“Patients will receive x mg/kg of drug subcutaneously for ten weeks once per week in the first
instance, during out-patient appointments at site. For the purposes of safety, it is proposed that the
first 2 patients will be recruited as Sentinel patients. These will be recruited in series, and each will
be assessed for 2 weeks before the next patient will be recruited. Data on Sentinel patients will be
assessed by an independent safety monitoring committee. If the safety monitoring committee is
satisfied that the product has an acceptable safety profile in the sentinel patients, the study will be
opened to general recruitment.” [12]

Trial design

Item 9c:

Details regarding the statistical methodology underpinning the trial, including the choice of the
number of parameters in the model if applicable, its empirical form and all formulae. It is also
important to ensure all model parameters are given, including where appropriate, the weights of the
model.
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Explanation:

The statistical methodology underpins the trial and ensures that achieving the objectives and
hypotheses is feasible. Clear detailing and explanation of the statistical methodology should be
made available. This information may be provided within the protocol, in which case a reference to
the relevant section(s) of the protocol would be sufficient. However, if the protocol contains
insufficient detail, as protocols usually target clinical rather than statistical readers, then additional
detail may be required within the SAP. By including details regarding the mathematical form of the
model (where appropriate for trial design), and the number of parameters in the model,
transparency in the trial is promoted. It may also be appropriate to justify why the model
specification was chosen.

Where parameters are to be sampled from a distribution, it is imperative that these distributions,
and the elicitation of these (be it through expert elicitation or chosen from standard distributions)
are given here to ensure observed results do not influence critical parameters required for analysis.

For models with a TiTE component, the mathematical form of the weight formulae should be
explicitly stated.

If the trial makes purely rule-based dose escalation decisions (e.g., 3+3), and there is negligible
statistical methodology underpinning the trial design, this section can be omitted.

Example:

“The EffTox design [13, 14] (and version 4.0.12 of the EffTox software, and a proprietary
implementation of EffTox written in Python, where necessary) is used for dose escalation/de-
escalation decisions. This design establishes the optimal dose which is both safe and effective in
terms of the definition of tolerability and efficacy as above.

EffTox estimates the probability of efficacy and toxicity at each dose given the patient outcomes
observed and the investigators’ prior beliefs. The design then uses contours to calculate the utility
score of each dose given its associated probabilities of efficacy and toxicity. A dose is preferable to
another if it has a higher utility score. When invoked to provide the next dose allocation, the EffTox
design disregards the doses that are probably intolerable or ineffective. Of the remaining doses, it
selects the dose with the greatest utility score.

We seek a dose of drug x to be given in combination with treatment y that is associated with a
probability of efficacy of 45% or more, and a probability of toxicity of 40% or less. The EffTox design
will infer that a dose is probably ineffective if there is at least a 97% probability that the rate of
efficacy is less than 45%. It will infer that a dose is probably intolerable if there is at least a 95%
probability that the rate of toxicity is greater than 40%.

Initial patients will receive dose level 1. The model will be updated after each patient or cohort of
patients is evaluated for DLT and efficacy outcomes. The model is updated using all accumulated
information to provide the recommended dose for the next patient. The EffTox design does not skip
untried doses in escalation or de-escalation.

When calculating the next dose, EffTox calculates the Bayesian posterior probabilities of toxicity and
efficacy at each dose using the patients’ outcomes accumulated thus far. Marginal probabilities of
toxicity and efficacy are modelled in linear (1) and quadratic (2) form respectively.

The marginal probability of toxicity at dose x is given by:

mr(x, ) = g H{nr(x,0)} wherenr(x,0) = ur +xpr, (1)
with Br > 0 for nr(x, 0) Tin x and real valued otherwise

and the marginal probability of efficacy at dose x is given by:
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np(x, 0) = g {ns(x,0)} whereng(x,0) = up + xB1g + x*B2k (2)

where g is the inverse logistic transform. As it is expected that higher doses of the combination do
not necessarily result in greater efficacy, a quadratic form is utilised to allow for this non-monotone
dose-response relationship.

The joint probability model is:

e?—1
g, p = Th(1 — 1) ~*mh(1 =)' =P + (=1 Prg(1 — 7)) mr (1 — mp) o (3)
where, a,b €{0, 1} and real valued ¢ and 0 = (ur, B1, te.B1eB2E @)

where the x, theta notation has been suppressed for readability and is an association parameter.
The model hyperparameters are based on informative prior guesses for efficacy and toxicity at each
dose level elicited from clinical investigators (Table A3b).

Table A3b: Prior probabilities of toxicity and efficacy outcomes by dose level.

Dose Level Dose (mg/m?2) - drug x Prior Prob(tox) Prior Prob(eff)
-2 a every other day 0.025 0.20

-1 a once daily 0.05 0.30

1 (starting b once daily 0.10 0.50

dose)

2 c once daily 0.25 0.60

The prior effective sample size (ESS) used is 1.3. Thall et al., [15] advise ESS values between 0.5 and
1.5. The greater the ESS, the stronger weight the investigators’ prior beliefs bear on the posterior
beliefs. Prior beliefs on the six model parameters are assumed to be described by normal
distributions. The hyperparameter values associated with our value for ESS are calculated by the
EffTox software (Table A3c).

Table A3c: Hyperparameter prior means and standard deviations.

Parameter Prior mean Prior standard deviation
muy -5.4317 2.7643

beta, 3.1761 2.7703

Mmug -0.8442 1.9786

betar; 1.9857 1.9820

betar, 0 0.2

psi 0 1

“[16]
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“For patients who have not completed the scheduled treatments, the TiTE-CRM model will weight
their safety data based on the proportion of days the patient has been assessed for over the DLT
assessment period using a linear function.” [17]

“Linear weighting functions will be employed for any patient with a length of follow up between the
three time points. One weight function to calculate weights between 8-12 weeks and another for
weights between 12-52 weeks. For the weighting function w(u;ty, to, t3) where u is the time-to-
toxicity of patient j and ty, ty, t3 is the time period with values 8, 12 and 52 respectively. Then for t;
Susts

min(0, min(u, t,) — t;) max (0, u — ty)
w(u; ty, ty, t3) = 0.6 + 0.2 + 0.
t) —tq t3—1
”[10]
Trial design
Item 9d:

Rules of the trial design and model.

Here information on the target objective (toxicity, response, PK, or PD, either singularly or in
combination), classification of overdosing, and any stopping boundaries should be given. This may
include the desired certainty in these estimates.

Moreover, where dose decisions (e.g. escalation, de-escalation, remain at current dose or stop early)
are to occur, details regarding dose escalation transitions and dose skipping should be given

Explanation:

The primary objectives for most early phase trials are investigated by trying to attain a fixed
probability of an event occurring, or value of a continuous outcome. For safety and dose escalation
trials, this may be targeting a toxicity probability (e.g., probability of toxicity between 25% and 33%),
or attaining a fixed figure from a continuous scale (e.g., an Area Under the Curve 0-24 hours after
administration (AUC\ _ »4) above a desired threshold); whereas for single arm phase Il trials, this
may be targeting an efficacy/response probability (e.g., at least 72% (13/18) of patients achieving an
objective response). There do exist trial designs, such as the EffTox and Emax designs, which target
both. These targets should be made clear. Moreover, for multi-stage designs where the continuation
of the trial is based on formal interim analyses, the target probabilities at each interim, and where
appropriate, stopping boundaries (e.g., at the interim if at least 50% of patients have achieved an
objective response, then the trial shall continue) should also be explicitly given.

Furthermore, indications of the desired certainty that these targets have been attained should be
made distinct. For example, we seek a 70% posterior probability that the true toxicity rate falls
between 25% and 33%, or evidence that the lower bound of a 95% confidence interval for protection
rate is greater than 70%. For fixed designs, such as the A+B dose escalation, or single arm single
stage phase Il, such as A’Hern’s designs, this certainty is ascertained from exact probability
distributions. Where interim analyses and stopping rules are implemented, the desired certainty in
the interim results should also be given.

For early phase trials with outcomes or dose escalation decisions that depend on toxicity,
classification of over- and under-dosing, and the certainty in these that would warrant action should
be given either in the SAP or suitably referenced (for example to the protocol).
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Details on how the design would be implemented in the trial and the adaptations that would be
made based on accruing data on key outcomes (e.g. toxicity or efficacy or both) should be provided.
For instance, for dose escalation trials, explicit statement of the rules regarding dose escalation and
de-escalation, especially regarding dose skipping. For example, no doses or only up to one dose may
be skipped per escalation, however, doses can be skipped if the dose is to be de-escalated for safety.
Instances where the model can be overwritten (due to safety concerns) and the dose selected
downgraded require documentation detailing criteria for these situations. This information should
either be given in the SAP or suitably referenced (for example to the protocol).

Example:

“We seek a dose of drug x to be given in combination with treatment y that is associated with a
probability of efficacy of 45% or more, and a probability of toxicity of 40% or less. The EffTox design
will infer that a dose is probably ineffective if there is at least a 97% probability that the rate of
efficacy is less than 45%. It will infer that a dose is probably intolerable if there is at least a 95%
probability that the rate of toxicity is greater than 40%.” [16]

“The Simon’s two-stage minimax design requires 3/18 successes at the interim analysis to continue,
and 9/37 successes at the final analysis.” [3]

“The trial may stop early for safety. In the event that all dose levels are toxic, the trial will stop
before reaching the maximum number of patients. If P(risk of DLT > 0.35|dose = 1, current data) >
0.65 for the lowest dose level and at least three patients have complete data for the toxicity
endpoint (a DLT or have completed the toxicity window) we will stop the trial.

The dose suggested for the next patient is the optimal dose as defined above. However, escalation
to an untried dose is subject to no dose skipping, and is only permissible if at least 2 patients have
been given the dose immediately below for at least 8 weeks. There is no restriction on de-
escalation.” [18]

Trial design
Item 9e:
Experimental details and design specifics.

For dose escalation trials, information regarding cohort size, including whether this is fixed or
flexible should be given.

Indication of the stopping rules for interim and final evaluations.

For model-based and model-assisted designs, details on the prior including full skeleton (if
applicable) and its elicitation should be given.

For single arm phase Il trials, the target sample size and, where appropriate, the timing of any
interim analyses.

Explanation:

Most dose escalation trial designs rely on patients being enrolled in dose cohorts and then being
evaluated at the appropriate time before decisions regarding dose escalation are made. Therefore, it
is imperative to include information regarding cohort size, the target total trial sample size, and the
timing of dose escalation decisions. It should also be made clear whether the total cohort size is
going to reflect when the dose escalation decisions will be made. For example, if the total cohort size
is going to be n=8, but dose escalation decisions made when n>4, or after each patient in the cohort
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has at least completed cycle 4. Sufficient detailed regarding cohorts and dose escalation decisions
may be contained within the protocol, in which case suitable reference to this section is sufficient. If
flexible cohort sizes are to be used, then reference should be made to how the size of the cohort will
be ascertained.

For novel agents, sentinel dosing may be used to aid safety evaluation before the recruitment to the
full cohort commences. If sentinel participants are to be used, a clear description of the number of
sentinel participants, how much treatment and follow up they need to complete before the
recruitment to the full cohort can commence, and whether they will be evaluated with the full
cohort should here be included. If adequate details are captured in a supporting document (such as
the protocol), suitable reference to these may instead be given here.

Where model-based or model-assisted designs are used and continually updated, thus where the
notion of cohorts is depreciated, information regarding when the model will be updated should be
specified (e.g., after each DLT or at least every three evaluable patients or a minimum treatment
period).

Where simulations have been run to assess the operating characteristic of the trial design, summary
details may be given here with reference given to another document (such as a simulation report)
where greater details are contained.

Dose expansion cohorts are often used to gain a better insight into the safety or efficacy profile at
the proposed dose if these are to be used, information regarding the sample size of the expansion
cohort should be included here. Moreover, if results from the dose expansion cohort contradict
those from the original dose escalation trial, clarification should be provided regarding the
consequences (e.g., if doses could be altered).

For single arm phase Il trials reference to the total and, where appropriate, interim sample sizes
should be made (e.g., the interim analyses will take place after the first 9 evaluable patients have
received their outcome assessment visit). It is not necessary to include the full power and sample
size calculations, as these will be detailed later (see item 11).

A definition or suitable reference to, the end of trial definition, including any formal stopping rules
should be included. If simulations have been run to assess the operating characteristics of the
stopping rules, either inclusion or reference (for example to a simulation report) to these should be
made.

For model-based and model-assisted designs, since the choice of prior distribution, and where
appropriate the skeleton distribution, can influence the posterior results, transparency regarding
model specification is encouraged and so the full form of the priors should be included in the SAP or
be suitably referenced. This further allows for full trial reproducibility and replication if needed.
Moreover, an indication as to how this was elicited (e.g., using an expert or expert panel, or using
statistical packages, functions or programs) should also be included for transparency.

Example:

“30 patients will be recruited. Simulations have been used to justify this sample size, results are
given within the simulation report in Appendix X.

The trial may stop early for safety. In the event that all dose levels are toxic, the trial will stop before
reaching the maximum number of patients. If P(risk of DLT > 0.35|dose = 1, current data) > 0.65 for
the lowest dose level and at least three patients have complete data for the toxicity endpoint (a DLT
or have completed the toxicity window) we will stop the trial.” [18]
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“There will be a maximum of 12 patients treated in each group in the phase | component. Once a
dose has been decided upon for each group there will be a 9 patient expansion in each of these
doses for phase Il.

Table A3d: Patient Cohorts

Group A (Adult) Phase I: 12 patients Phase Il: 13 (9 + 4) patients
Group B (Paediatrics) Phase I: 12 patients Phase II: 13 (9 + 4) patients
Total for Phase |: max 24 Total for Phase II: max 18 Total for Trial: max 42
“[19]

“The phase Il Simon’s two-stage minimax design incorporates an interim analysis of the
accumulating data. The interim analysis (stage-1) takes place once 18 patients have been evaluated
for the primary outcome — which is based on the response level of ALP. If three or more successful
responses (i.e. 25% or more reduction in ALP level) are observed in stage-1 then the trial will
continue into stage-2. Recruitment will not be halted while stage-1 is assessed. Further patients will
be recruited during stage-2 in order to obtain the necessary sample size of 37 patients; allowing for
10% patient drop out during trial duration, this number could reach a total of 41 patients being
required.” [3]

“The six dose levels scheduled for a combination of drug x and drug y, together with the prior
probabilities of a DLT at those levels, are presented in Table A3e. The prior guess of MTD is at Dose
4, but to exercise caution as this combination regimen has never been studied in this patient
population, we will start at Dose 2. If the combination dose is too toxic, the design allows for de-
escalation to dose level 1.

Table A3e: Dose levels with initial estimates of probabilities of DLT at each level

Dose Level Drug x dose Drug y dose Prior probability of DLT
1 m mg/m? a/A mg/m? 0.05
2 (starting dose) n mg/m? a/A mg/m? 0.10
3 n mg/m? a/B mg/m? 0.15
4 (prior estimate of MTD) 0 mg/m2 a/B mg/m2 0.25
5 0 mg/m2 a/C mg/m? 0.35
6 p mg/m? a/C mg/m? 0.50

“[6]

Randomisation

Item 10:

Where appropriate, randomisation details e.g., whether any minimisation or stratification occurred
(including stratifying factors used or the location of that information if it is not held within the SAP)
and where applicable, details on blinding.
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Explanation:

While randomisation in the context of early phase clinical trials is uncommon, it can occur. If
randomisation is used, this should be clearly stated and details regarding the randomisation
provided. This will typically include the method of randomisation, e.g., stratification, block, or
minimisation and information of factor levels provided (where appropriate). It may be that sufficient
information is available in other trial specific documents (such as the protocol), in which case
reference to this is acceptable.

Example:

“Approximately 36 eligible subjects aged 10-17 years were to be randomised at a ratio of 1:1:1 to
one of three doses of Ferric Maltol (7.8 mg, 16.6 mg or 30 mg BID) for nine days (Days 1 to 9).
Randomisation was to be stratified by age (10-14 years, 15-17 years) and gender (male, female).”
[20]

Sample size

Item 11:

Full sample size calculation determination or justification or reference to relevant sample size
calculation section in protocol (instead of replication in SAP)

Explanation:

The sample size calculation may be included in full in the SAP or a reference to the sample size
calculation in the protocol or other document may be provided. The sample size calculation is an
important piece of information for every trial as it determines how many patients are required in the
primary analysis to ensure the trial is appropriately justified to detect a clinically important
difference.

For phase | trials, it may be sufficient to justify the trials sample size by the number of patients per
cohort, and the total number of cohorts expected to be enrolled. Moreover, for dose escalation
trials where dose escalation is based solely on the observed toxicity, it may be useful to detail the
minimum number of participants expected to be recruited in the scenario that either no DLTs are
seen (if this is different to the maximum sample size), or all doses are found to be too toxic.

Where the sample size has been verified by simulations (to ensure the trial can yield a successful
result), the operating characteristics and results should be included. Again, it may be appropriate to
only include summary information in this section of the SAP with suitable reference given to a
supporting document such as a simulation report (see point 33) where greater detail is given.
Where single-arm phase Il trial designs are used, it is important to include all relevant information
on which the trial design is based, e.g., design (A’Hern, Simon’s Two Stage, etc.), statistical
significance level (alpha), power, the exact type | and type Il error rates (where calculated), effect
size including py (the largest unacceptable response rate) and p (the smallest acceptable response
rate), and where appropriate, the dropout rate assumed. Moreover, where fixed designs are to be
used, it is important to clearly document how deviations from the planned sample size will affect
decisions regarding the conclusions drawn from the trial. For example, if a trial requires 22
responses out of 30 patients to be classified as a success, how an increase or decrease in the number
of evaluable patients, (e.g., to 32 or 27), would affect the number of required responses and success
criteria.

In all scenarios, details of any sample size calculations, including the software used (and version),
must be provided to allow the calculation to be reproduced.
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Example:

“There was no formal sample size calculation in the Phase | stage. The design was based on the
traditional 3+3 design for phase | trials. The recruitment plan was to recruit 3-6 participants to be
treated at each of up to 7 dose levels until the MTD could be identified. Participants who did not
complete the first cycle of treatment for reasons other than toxicity were replaced at the current
dose level. A maximum of 42 participants evaluable for toxicity were required to complete all of the
dose levels for Phase I.” [21]

“We use an A’Hern design to investigate whether 12 months of combined treatment of drug x and
drug y leads to MRD eradication in the bone marrow of at least 30% of patients. Over this time
horizon, using drug x as a monotherapy, we would expect no more than 10% of patients to eradicate
MRD from their bone marrow, thus we compare p1=0.3 to po=0.1. Using statistical significance
(alpha) of 2.5% and statistical power of 95.5%, this design requires at least 10 patients to achieve
MRD-eradication in the bone marrow out of 50 to approve the combined treatment.

This means:

- If the true rate of MRD-eradication in bone marrow after 12 months of treatment with drug
x & drug y is 10%, the statistical design will correctly reject the treatment at least 97.5% of
the time;

- If the true rate of MRD-eradication in bone marrow after 12 months of treatment with drug
x & drug y is 30%, the statistical design will correctly approve the treatment at least 95.5% of
the time.”[9]

“The Simon’s two-stage design requires a total of 37 evaluable patients receiving the confirmed
dose.

This was calculated using the following parameters: alpha = 0.10, beta = 0.2, pg = 0.15, p1=0.30.
[Note: the values for pg (0.15) and p; (0.30) correspond to the required reduction in patients
experiencing raised levels of ALP from 85% to 70%, i.e., 1-0.85=0.15 and 1-0.70=0.30]

The Simon’s two-stage minimax design requires 3/18 successes at the interim analysis to continue,
and 9/37 successes at the final analysis.

The phase Il Simon’s two-stage design incorporates an interim analysis of the accumulating data. The
interim analysis (stage-1) takes place once 18 patients have been evaluated for the primary outcome
— which is based on the response level of ALP. If three or more successful responses (i.e., 25% or
more reduction in ALP level) are observed in stage-1 then the trial will continue into stage-2.
Recruitment will not be halted while stage-1 is assessed. Further patients will be recruited during
stage-2 in order to obtain the necessary sample size of 37 patients; allowing for 10% patient drop
out during trial duration, this number could reach a total of 41 patients being required.

If overall there are nine or more successful responses from 37 evaluable patients, then we conclude
that the treatment warrants further investigation. If the prescribed patient number is not met then
the appropriate decision criterion, corresponding to the total number of evaluable patients, will be
selected from table A3f. Patients treated at the confirmed dose during the dose confirmatory stage
will contribute to the total evaluable patient requirement.

Method for calculation used “Sample Size Tables for Clinical Studies Software”, Sze-Huey Tan (2008).
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Table A3f: Possible stop/go guidelines and associated error rates for the Simon’s Two-Stage design
utilised for the Phase Il trial component (bold indicates design parameters chosen)

Patients Responses .

Patients Responses Power
(stage 1 (stage 1 (total) Type-1 Error (a)
N L (total) (1-B)
interim) interim)
18 3 34 8 0.120 0.826
18 3 35 3 0.134 0.846
18 3 36 3 0.149 0.863
18 3 37 9 0.087 0.806
18 3 38 9 0.099 0.827
18 3 39 e] 0.111 0.846
18 3 40 9 0.124 0.861
18 3 41 10 0.073 0.809
131
Framework
Iltem 12:

If applicable, specify whether trial is to be performed under hypothesis testing or Bayesian
framework.

Explanation:
This section is not always appropriate. Relevant details on phase | trials will typically be captured
elsewhere.

For single arm phase Il trials where hypothesis testing is to be undertaken, outline the intended
analysis framework.

Regardless of the framework of the primary analysis, other estimands may be important to draw
trial conclusions, for all early phase trials. The SAP should clearly specify the framework for each
estimand or provide a global statement.

Example:
“The main analysis for the single-arm cohorts will be Bayesian in nature.” [22]

“The A’Hern’s design is employed under a frequentist hypothesis framework.”

Statistical interim analyses and stopping guidance

Item 13a:

Information pertaining to interim dose decisions (e.g. escalation, de-escalation, remain at current
dose or stop early).

Explanation:
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Dose-escalation can be poorly documented meaning dose-escalation decisions may be ambiguous.
Clear descriptions of the dose-escalation procedure and associated analyses should be provided.
This will typically include who will perform the analyses, what interim analyses will be carried out,
when they will be performed (e.g., timing and frequency), and who will ultimately decide whether to
escalate the dose (e.g. the model, or the DMC/TSC/TMG). Clearly documenting the timing of dose
escalation decision in relation to data collection and portion of trial lapsed avoids dose escalation
decisions being made based on non-robust/incorrect data. If the trial does not have a dose
escalation portion, this section is not necessary. If separate SAPs have been written for dose
escalation analyses, then these should be referenced.

Example:

“After the initial 10 patients are assigned to fixed doses as described in Section X the data will be
examined by the Dose Determination Committee (DDC) following each new patient. A set of interim
analyses will be conducted where the accumulated data will be analysed. A set of candidate models
(presented in Section Y) will be fitted to the data. Each model will provide an estimate and standard
error (SE) of the target doses that achieve the two targets of a minimum Treg increase and a
therapeutic Treg increase. Each model will also provide a recommended dose to assign to the next
patient. At each DDC meeting, the choice of the next dose to assign to the next patient will be
decided. The choice will be made after consideration of the analyses, but will not be bound by
formal decision rules. The choice of dose will always lie below the maximum of 1.5 X 108 IU/m? BSA.

The target response rates are those that achieve a:

1. Minimum Treg increase defined by the Trial Steering Committee (TSC) at a 10% maximum
increase of Treg
2. Therapeutic Treg increase, defined by TSC at a 20% maximum increase” [7]

“The recommended dose (the dose with estimated DLT probability closest to the target of 35%) for
each of the subsequent cohorts is determined using the CRM incorporating all of the accumulated
DLT outcomes but for added safety, the design includes a restriction to prevent skipping of untested
doses when escalating. Recruitment continues until either the maximum sample size is reached, the
trial is stopped early due to unacceptable levels of DLT at the lowest dose or when there are four
consecutive cohorts allocated to the recommended MTD (providing sufficient evidence that the MTD
is reached). The two early stopping rules allow for early termination:

1. If there is a high probability (> 0.7) that the posterior probability of DLT at the lowest dose is
greater than the target DLT rate of 35%, indicating that the lowest dose is too toxic.

2. If four consecutive cohorts (three patients in each cohort) have already been allocated at the
current MTD, which would also be the recommended dose level for the next cohort if the
trial continued.

The value of 0.7 was selected so that the design will recommend stopping early for excessive toxicity
if we observe 2 or 3 DLTs out of the first 3 patients at the lowest dose level.” [23]

Statistical interim analyses and stopping guidance
Item 13b:
Information on other interim analyses specifying what and when interim analyses will be conducted.

Explanation:
Information needed to conduct any other interim analyses, aside from dose-escalation analyses,
should be detailed. Information to be recorded includes statistical methods to be used, who will
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perform the analyses, what interim analyses will be carried out, when they will be performed (e.g.,
timing and frequency), and what decisions can be taken. If there are multiple interim analysis time-
points, researchers may choose to include checklists detailing which analyses are to be carried out at
each time point. If interim analyses are not planned then this should be stated for clarity. Moreover,
if sample size re-estimations to verify initial assumptions are to be performed following such interim
analyses, indication of this and the assumptions which are liable to be tested (e.g. variance of the
primary outcome, overall event rates, dropout rates) should be here detailed. If details of interim
analyses are recorded with sufficient detail in other documents, such as the protocol, then suitable
reference may be appropriate to avoid duplication. Finally, if separate SAPs have been written for
interim analyses, then these should be referenced.

Example:

“Only one interim analysis is planned and will take place once 18 patients have been evaluated for
the primary outcome (response in ALP level, measured from baseline to day 99). The interim report
will be prepared and supplied to the DMC when the study has recruited and evaluated 18 patients at
the chosen MED dose of drug X (including those recruited on the MED dose during the dose
confirmatory stage), or annually whichever is earliest.” [3]

“No formal interim analysis is planned for this trial. However, accumulating un-blinded data will be
presented by component/cohort and treatment arm on a yearly basis to an independent Data
Monitoring Committee (DMC) for monitoring of safety, recruitment, data quality and activity. After
the trial has opened, a Trial Safety Committee (TSC), with an independent chair, will meet at least
annually following the DMC to provide overall supervision for the trial and provide advice through its
independent chair. The ultimate decision for the continuation of the trial lies with the TSC.” [22]

Statistical interim analyses and stopping guidance
Item 13c:
Any planned adjustment of the significance level due to interim analysis.

Explanation:

Many early phase trial designs feature formal interim analyses, both in the context of dose
escalation trials or multi-stage single arm phase Il trial designs, to inform the future conduct of the
trial. These interim analyses and where appropriate, any adjustments to control the type | error rate,
are often informed by the trial design. If alpha spending functions are going to be used to control the
type | error rate, the chosen approach should be clearly specified, justified and referenced. If no
adjustments for alpha spending are to be made, this should also be clearly stated.

Example:
“This is not a confirmatory study, we will not consider multiple testing although we do acknowledge
that any finding relating to secondary endpoints will be treated as hypothesis generating.” [7]

“There are three sources of multiplicity in this study: multiplicity due to interim analyses, multiplicity
due to multiple doses, and multiplicity due to multiple endpoints.

The overall type 1 error rate for the study is protected against multiplicity due to interim analyses,
because of the alpha- and beta-spending rules described in the preceding section.

The overall type 1 error rate for the study will be protected against multiplicity due to multiple doses
by using a step-down, or gatekeeper, procedure. The statistical significance of the difference in
response between the low dose group and the placebo group will be assessed if and only if the
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corresponding difference between the high dose and placebo has already been shown to be
statistically significant.

The study has a single primary endpoint, corresponding to the single primary estimand.

All other endpoints are secondary or exploratory. Therefore, no adjustment to nominal p-values will
be made to protect the overall type 1 error rate for the study against multiplicity of endpoints.” [24]

Statistical interim analyses and stopping guidance
Item 13d:
Details of guidelines for stopping the trial early.

Explanation:

Details should be provided on the guidelines to be used for stopping the trial early, including
whether these stopping rules are binding or advisory and any alternations to recruitment which may
be implemented prior to stopping the trial early.

Information on specific stopping boundaries and/or thresholds to be used, including posterior
probability cut-offs should be included.

A description of instances where model prediction can be overridden for safety reasons should be
pre-specified. The risk of overdosing should be quantified and justified during the design. Such
calculations will often be given in supporting documents, e.g., in the simulation report or the
protocol. Reference to these documents should be made. It should be clear whether a statistical
method will be considered within the early stopping guidelines.

Example:
“Two additional criteria have been added to the modified TiTE-CRM to allow for early termination of
either group. They are as follows:

o If thereis a high probability (>80%) that the posterior probability of DLT at the lowest dose is
greater than the target DLT rate, indicating that the lowest dose is too toxic. If the model
recommends early stopping due to this safety criteria, the TMG and Safety Committee will
be alerted and the latter, with support of any external evidence, will recommend if the trial
should be stopped.

e We would allow the trial to stop early before the full recruitment of 21 patients if nine
patients have already been allocated at the most current MTD, which would be the
recommended dose level for the next cohort if the trial continues, in consultation with the
DMC.

A “look ahead” strategy will be implemented if the next recommended dose level by the modified
TiTE-CRM model will not be influenced by the outcome of the remaining patient(s) of a particular
cohort (DLT or no DLT). By implementing this strategy, we enable the next cohort of patients to be
recruited immediately without awaiting the final observations from the current cohort, therefore
reducing waiting times.” [17]

“The clinical trial will be subject to periodic reviews by an independent safety monitoring committee.
The trial will be suspended if any of the following conditions are met:

1. 21 patient in the first Sentinel patients experiences a Serious Adverse Event related to IMP
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2. 233% of patients (with n > 3) recruited to the study show a significant decrease in the
functional rating score (>50%) compared to baseline during the 10-week dosing period.

3. 233% of patients (with n > 3) recruited to the study show a significant decrease in Quality of
Life (>50%) compared to baseline during the 10 week dosing period.” [12]

Timing of final analysis

Item 14:

Timing of final analysis, e.g., all outcomes analysed collectively or timing stratified by planned length
of follow-up.

Explanation:

“Information on the timing of final analyses should be included, if relevant. Information on timing of
final analysis should explain whether all outcomes are analysed collectively or whether timing is
stratified by length of follow-up required. Details should be provided on whether there are short-
term and long-term outcomes and how they will be reported i.e. will all outcomes be analysed
collectively or will the short-term outcomes be published earlier and the long-term outcomes
reported at a later date.” [1]

Example:

“A preliminary final analysis will be undertaken to present available data for the escalation phase of
the study once an MTD has been determined and agreed. Once the escalation phase is complete and
all patients have been followed up for the full duration in accordance with the schedule then the
planned final analysis for this drug will be undertaken. This will take into account secondary and
exploratory outcome measures.” [10]

“For this study, the end of the trial is defined as “the final visit of the last patient undergoing the
trial”. A final visit should take place 30-35 days after the last administration of IMP. All patients will
be followed up for survival (unless they withdraw their consent) once every 3 months until death or
until the last patient last visit (LPLV) time point, whichever occurs first. After the LPLV, the trial data
will be monitored, then locked, final data listings will be produced and the analyses will be carried
out.” [2]

Timing of outcome assessments
Item 15:
Time points at which the outcomes are measured including visit “windows”.

Explanation:

“The time points at which outcomes are measured is helpful information that can be found in the
protocol often in table format. The SAP should either refer to the relevant section of the protocol for
details or include this information. If outcomes are required to be measured within a particular time
window in relation to each planned visit in order to contribute to the analysis then this should also
be specified.” [1]

Example
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Table A3g: Endpoints & Timing of Evaluation
Endpoints/ Outcome measures Time point(s) of evaluation of this end
point
¢ Dose limiting toxicity e Daily from Day 1 to Week 13
e MRI tumour regression grade * Week 13

Endpoints

* Treatment tolerance measured by proportion of patients  |» Week 9
completing at least 80% of the intended Capecitabine dose
and at least 20 fractions of radiotherapy

¢ MRI tumour regression grade * Week 13

¢ Pathological complete response ® Post resection
¢ Neoadjuvant Rectal (NAR) score ® Post resection
(18]

Section 4: Statistical Principles

Indications of uncertainty 2
Item 16:
Level of statistical significance.

Explanation:

Where applicable and if traditional tests of significance and cut-off values are to be used to gauge
statistical significance, then the significance level to be used including whether tests will be one- or
two-sided should be documented. Where a trial has a formal sample size calculation, the significance
level used for the primary outcome should be consistent with that used in the sample size
calculation. However, it is not necessary for secondary outcomes to use the same significance level,
and if these are to change depending on outcome, the critical value for each outcome should be
documented.

Example:

“There is no statistical significance level defined for the primary outcome in CAMELLIA as it is a dose-
finding trial and does not involve hypothesis testing; there will be no adjustment for multiplicity. The
secondary outcomes described here will be assessed at the 5% significance level and/or using 95%
two-sided confidence intervals, as appropriate.” [2]

“Unless specified otherwise, a two-sided significance level of 5% will be used in frequentist
analyses.” [8]

https://mc.manuscriptcentral.com/bmj

Page 52 of 82



Page 53 of 82

oNOYTULT D WN =

BMJ

Indications of uncertainty =

Item 17:

Description of any planned adjustment for multiplicity, and if so, including how the type | error is to
be controlled.

Explanation:

Multiple testing in the context of early phase trials is generally not recommended, as these trials
tend not to formally test hypotheses, rather make recommendations for future confirmatory trials.
[25] However, if adjustments for multiplicity are to be made, authors should pre-define what
methods will be used and which outcomes these methods will be applied to. The rationale for
adjustment and method(s) chosen should also be justified.

Example:
“There will be no adjustment for multiplicity in this trial.” [21]

Indications of uncertainty =

Item 18:

Either confidence or credible intervals to be reported (appropriately picked dependent on the trial
methodology).

Explanation:

The intervals (either confidence or credible) are essential to the interpretation of statistical analyses
reported for any of the primary or secondary outcomes. Typically, confidence intervals (Cl) and p-
values will be reported if the trial uses a frequentist framework, whereas credible intervals (Crl), and
where appropriate posterior probabilities, will be reported if the trial uses a Bayesian framework.
The level of the Cl or Crl to be reported should be decided at the design stage to avoid bias being
introduced by modification based on trial data. These levels may be consistent across outcomes or
vary by primary, secondary, exploratory and safety outcomes. If this is the case, this should be
clearly specified.

If models are being implored at any point, it may be appropriate to here specify the model output
which will be reported.

Example:
“95% confidence intervals, calculated using Wilson’s method, will be used in frequentist analyses.”

(8]

“The proposed target doses of each model with their standard errors and with a 95% confidence
interval will be reported.” [7]

“The posterior probability of DLT at each dose level will be reported with 95% credible intervals.”

Adherence and protocol deviations
Item 19a:
Definition of adherence to the intervention and how this is assessed including extent of exposure

Explanation:
“Authors should pre-specify their definition of adherence to the intervention. Non-adherence to the
intervention can include not completing the intervention, (e.g., not consuming all prescribed drugs
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or consuming a lower dose than is prescribed). This may be reported to aid generalizability of results
or may be linked to an analysis population specification.” [1]

Example:
“Adherence/Compliance will be assessed by the date of protocol treatment, dose delays,
discontinuation and reasons for delays or discontinuation for each patient.” [21]

Adherence and protocol deviations
Item 19b:
Description of how adherence to the intervention will be presented.

Explanation:

“Along with defining adherence to the intervention it is also crucial to describe how adherence to
the intervention will be presented. This process avoids any bias being caused by adherence being
defined after unblinding of data.” [1]

Example:

“The treatment that patients received in each cohort will be reported in table X (patient disposition
and treatment) and figure Y (treatment received by cohort). Specifically, the treatment received,
dose delays, dose intensity, discontinuation and reasons for delays or discontinuation will be
reported.” [21]

Adherence and protocol deviations
Item 19c:
Definition of protocol deviations for the trial.

Explanation:

“A protocol deviation is defined as a failure to adhere to the protocol such as the wrong intervention
being administered, incorrect data being collected and documented, errors in applying
inclusion/exclusion criteria or missed follow-up visits. A protocol deviation should be defined as
major or minor. A deviation may be considered a serious breach if it affects efficacy, the safety,
physical or mental integrity of the participants in the trial, or the scientific value of the trial. Protocol
deviations should be defined prior to unblinding of data to avoid any bias being caused and due
consideration given to inclusion of participants within analysis populations. [26] Protocol deviations
may be defined in another document and referenced within the SAP.” [1]

Example:

“A protocol deviation is defined as a failure to adhere to the protocol. Major and minor deviations
are defined in the protocol. A deviation may be considered a serious breach if it affects efficacy, the
safety, physical or mental integrity of the participants in the trial, or the scientific value of the trial.
For this study protocol deviations will be defined as deviations from the treatment schedule as per
the protocol.” [21]

Adherence and protocol deviations
Item 19d:
Description of which protocol deviations will be summarized.
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Explanation:

“A description should be provided on how protocol deviations will be summarised. Providing details
of whether the deviation is major or minor is helpful if sensitivity analyses are to be conducted by
removing patients with major deviations to assess impact on overall conclusions or to align with
analysis populations. The approach to summarising the protocol deviation should also be made clear
e.g., number and type of protocol deviations by intervention group or listing of all deviations.” [1]

Example:

Protocol deviations will be reported for each dose level, tabulated according to their major/minor
classification.

Analysis populations

Item 20:

Clear definition of the trial/dose cohort(s) including how cohorts will be referred to, how patients
enter cohorts, the minimum number of patients needed to be in a cohort (and how long they have
been in) before dose escalation decisions can be made.

Trial level definitions of patient populations (e.g., per-protocol, intention to treat, safety) should also
be given.

Details regarding evaluable patients and specify what happens to unevaluable patients should also
be made.

These definitions should be also be provided for any interim analysis populations.

Explanation:

The analysis populations should be specified in advance. This includes how the analysis populations
will be defined and which dose escalation decisions and outcomes will be analysed according to each
analysis population. It is important to clearly define populations, even if terms are considered
standard. For example, if there is no consistent definition of intention to treat (ITT) and the phrase
has different meanings for different authors, then a clear definition of these patient populations
facilitates the definition of outcomes under the estimands framework (further details given in
section 6: Analysis). Patients may be evaluable for different populations.

In the context of dose escalation trials, it is also important to define the cohorts and how they will be
referred to, (for example, according to the dose they received or their sequential enrolment). It
should also be made clear how many patients can enter each cohort, and the minimum number per
cohort and how much trial treatment/follow-up they must have completed before dose escalation
decisions can be made.

For all types of early phase trials, the criteria for a patient to be considered evaluable for outcome
assessment and when patients are to be replaced should be stated (e.g., must complete at least one
IMP administration). It is common in early phase trials, that patients who are not evaluable (for
example due to withdrawal or non-compliance) are replaced.

In the event that the trial has a formal sample size calculation and does not recruit to target, it
should be specified what the minimum percentage of the target sample size that would need to be
recruited to justify completing the full analysis. For recruitment below this threshold, it should be
detailed what analysis will be performed and reported.
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This section should be made clear either in the SAP, or suitably referenced supporting document
(e.g., trial protocol).

Example:

“Dose escalation population: Assessment of the proportion of DLTs for each dose level will be based
upon assessment of patients who complete 275% of their doses (> 6 doses) during the DLT
assessment period or who experience a DLT at any time after initiation of the infusion of the first
dose. Patients who withdraw early from the study for reasons other than DLT will not be assessable
for DLT, and may be replaced by another patient at the same dose level.

Safety population: The safety analysis population will include all patients who received at least part
of one dose of drug X. Efficacy (disease response) population: The efficacy population will include all
patients who have received at least part of one dose of study treatment and at least one post-
treatment response assessment.” [2]

“All patients will be analysed on an intention to treat basis. Any patients discovered to be ineligible
after being entered into the trial will be listed. Participants who did not complete the first cycle of
treatment for reasons other than toxicity were replaced at the current dose level. A maximum of 42
participants evaluable for toxicity were required to complete all of the dose levels for Phase I. All
patients starting cycle 1 treatment were evaluable for toxicity.” [21]

“The primary analysis population will consist of all participants who receive at least one dose of any
trial treatment and, have at least one response assessment available. Only participants, for whom
written informed consent has not been received, will not be included in this population.

The safety population will include all participants who receive at least one dose of any trial
treatment. Only participants for whom written informed consent has not been received, will not be
included in this population.” [27]

Section 5: Trial Population

Screening data
Item 21:
Reporting of screening data (if collected) to describe representativeness of trial sample.

Explanation:

“If a trial collects screening data then it is important that the data are appropriately presented to
describe the representativeness of the trial sample. This information is not only important for the
trial but also important for future trials in the area. The process for screening patients e.g. how
patients will be screened and what data will be collected, should be fully described within the trial
protocol. According to the CONSORT guidelines [28] as a minimum the number of patients who are
assessed for eligibility should be provided with this information presented in a flow diagram,
however, more detailed tabulations may be provided. The SAP should describe how this data will be
summarised and presented.” [1]

Example:

“Information relating to screening data including the number of participants screened, found to be
ineligible (with reasons where available) or declined to participate (with reasons where available)
will be presented as in Table X.” [2]
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Eligibility
Item 22:
Summary of eligibility criteria.

Explanation:

“The trial inclusion and exclusion criteria should be specified in the protocol. Details of how eligibility
data will be summarised should be provided. Some CONSORT diagrams provide details of the
number of patients screened followed by a breakdown of how many patients were eligible and how
many were excluded due to violating each inclusion/exclusion criteria.” [1]

Example:
“The number of patients falling into the exclusion criteria will be tabulated by cohort and any
ineligible patients randomized will be reported, with reasons for ineligibility in Table X.” [21]

Recruitment
Iltem 23:
Information to be included in the CONSORT flow diagram.

Explanation:

“Information included within a CONSORT flow diagram displays the progress of all participants
through the trial. The CONSORT guidelines say that “you must complete a flow diagram in order to
be compliant with the CONSORT 2010 standard.” [28] They provide a CONSORT flow diagram
template that can be used and adapted to create a trial specific flow diagram. All necessary
information that is displayed in a CONSORT flow diagram should be listed in the SAP so it is clear
where the patient throughput will begin to be summarised and how, specific follow-up time points
that will be presented along with information on withdrawals and loss to follow up. Alternatively, a
study specific CONSORT flow diagram template can be included in the SAP highlighting the
information that will be collected.” [1]

Example:

“The flow of participants through each stage of the trial, including numbers of participants assigned
to a schedule, receiving intended treatment, completing the study protocol, and analysed for the
primary outcome is provided following CONSORT. Protocol violations/deviations and information
relating to the screening data including the number of ineligible patients entering the study,
together with reasons will be reported. Information on number of participants screened, found to be
ineligible (with reasons where available), refused to participate (with reasons where available) will
also be included.

A CONSORT diagram will be prepared, an example CONSORT diagram is given in Appendix 3.” [18]

A CONSORT diagram will be produced to highlight the flow of patients through the trial, and a dose
decision by cohort diagram will be produced to show the number of patients enrolled to each cohort
and the decisions of the DDC.

Withdrawal/follow-up
Item 24a:
Level of withdrawal, e.g., from intervention and/or from follow-up.

https://mc.manuscriptcentral.com/bmj



oNOYTULT D WN =

BMJ Page 58 of 82

Explanation:

“In this section, all the possible levels of withdrawal should be listed, which may differ from trial to
trial. Participants may withdraw from the intervention but continue with follow-up; withdraw from
follow-up but allow data collected to date to be used; withdraw from follow-up and withdraw
consent for data collected to date to be used; or be lost to contact/follow-up. Some clarification
within the SAP about how each level of withdrawal will be categorised and presented is important.”

(1]

Example:
“The level of consent withdrawal will be tabulated and reported as a line listing containing the
requisite dosing information (e.g., dose cohort assigned) and will be classified as:

e Consent to continue follow-up and data collection,
e Consent to continue data collection only,
e Complete — no further follow-up or data collection” [21]

Withdrawal/follow-up
Item 24b:
Timing of withdrawal/lost to follow-up data.

Explanation:

“Timing of withdrawals and lost to follow up is important information. This information allows you to
see if there are any patterns in lost to follow up or withdrawals between the different time points
and dosing schedules/sub-groups. Timing of withdrawal from follow-up or lost to follow up data can
be presented in a Kaplan-Meier graph, a table or incorporated into a CONSORT flow diagram. For
each follow-up time point information on the number of withdrawals and reasons for withdrawal,
number included in the analysis and the number died (if applicable) should be provided.” [1]

Example:

“This will be presented in tabular format, with numbers of withdrawals, discontinuations or
dropouts, number of days to withdrawal, and reasons for withdrawal, drop outs or discontinuations
for each Cohort, as in Table X.” [21]

Withdrawal/follow-up
Item 24c:
Reasons and details of how withdrawal/lost to follow-up data will be presented.

Explanation:

“Patients can withdraw and be lost to follow up for many different reasons e.g. moved home, unable
to participate any longer, withdrawn by clinician reasons etc. It is useful for the trial team to attempt
to ascertain reasons for all withdrawals and loss to follow up. According to ICH E6 ‘Although a
subject is not obliged to give his/her reason(s) for withdrawing prematurely from a trial, the
investigator should make a reasonable effort to ascertain the reason(s), while fully respecting the
subject's rights’. [24] Details of how this data will be presented should be included in the SAP. This
information may be presented by intervention arm within a CONSORT flow diagram or in a table.”

(1]
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Example:
“Withdrawals/loss to follow-up together with reasons will be reported by treatment schedule.” [18]

Baseline patient characteristics
Item 25a:
List of baseline characteristics to be summarized.

Explanation:

Presentation of baseline characteristics is crucial for every trial as it allows the reader to see whether
the characteristics are balanced across any intervention groups or consistent with the target
population. Details of which baseline characteristics will be summarised in the final report should be
specified along with the population for which characteristics will be presented.

If there is a randomised element to the trial, it is important to present baseline characteristics for
the entire trial and by randomised treatment, and at a minimum report baseline characteristics over
any factors which the randomisation has been stratified or minimised over.

For dose escalation trials, it may be preferable to present baseline characteristics by allocated dose
or enrolment cohort as well as across all dose levels.

For single arm phase Il trials, baseline characteristics can be presented over the entire population or
by appropriate subgroup.

For trials with a suitably small sample size, it may be appropriate to report individual baseline
characteristics as a line listing. If this is to occur suitable information regarding this should here be
included.

Example:
“These characteristics will be presented by analysis cohort. At a minimum, this will include:

e Age at time of trauma (years),
e Total injury severity score (for the trauma cohorts only), and
e Mechanism of injury.

Further characteristics may be added as the discretion of the trial statistician, TMG, and DMC.” [8]

“Baseline characteristics, including important prognostic, demographic and clinical variables will be
reported overall for the main population.” [18]

“Line listings will also be produced of baseline patient characteristics recorded on the Registration
Form and Screening Form. Tabulated data will include: age at registration, sex, disease status at trial
entry, disease history including time from first diagnosis to registration.” [6]

Baseline patient characteristics
Item 25b:
Details of how baseline characteristics will be descriptively summarized.

Explanation:
“It is important to describe how baseline characteristics will be summarised and presented in the
final analysis report. Formal statistical comparisons of baseline data by randomised groups are not
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advocated [30, 31] but if such comparisons are planned these should be justified. It is recommended
that prognostic baseline characteristics are presented for the analysis population included in the
primary analysis of the primary outcome as well as for all randomised participants in order to assess
whether attrition has introduced selection bias and/or upset the balance achieved at
randomisation.” [1]

Example:
“Baseline characteristics will be presented descriptively (without statistical hypothesis testing) on
characteristics collected at the point of trial entry.” [8]

Section 6: Analysis
Examples of estimands are given after all the relevant explanations have been given.

Estimand definition ®
List and describe each primary and secondary estimands including details of:

Explanation:

The SAP should define each estimands explicitly clearly identifying primary and secondary variables.
Definitions of estimands are captured in 26a-e based on ICH E9 (R1) which details the estimand
framework that has been adopted by various clinical trial regulators. [32, 33]

Estimand definition ®
Item 26a:
Treatment (including treatment combinations).

Explanation:

Details regarding the treatment of interest and, if applicable as in the instance of a randomised
phase |, any alternative treatments to which comparisons will be made. In the context of dose-
escalation trials where multiple doses may be under investigation, it should be made clear if the
outcome will analyse patients according to their cohort, dose received, pooled across all dose levels,
or some combination of the aforementioned.

Estimand definition ®
Item 26b:
Population.

Explanation:
The trial population, defined with reference to item 20, pertinent to the outcome should be clearly
stated.

Estimand definition ®
Item 26¢:
Variable of interest.

Explanation:
The endpoint to be obtained for each patient that is required to address the scientific question. If an
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outcome is recorded at multiple time points, it should be made clear which of these time points are
required for the specific outcome. Detailed explanations should be provided, for example for
survival outcomes making it clear what the length of survival is (e.g., calculated from the time of
randomisation or time of administration of intervention) and censoring information. Details given
here should include specific measurements and units, especially pertinent when multiple collection
methods are used. Details need to be provided on what data manipulations or derivations will be
performed and how they will be carried out (e.g., change from baseline, Quality of Life (Qol) score,
Time To Event (TiTE), logarithmic transformations). If the calculation of a score is more complex, but
a validated algorithm is available, then providing a reference and a link to the algorithm is sufficient.
Scoring, including handling of missing data, should follow guidance proposed by the instrument
developers, unless there is good reason to use an alternative technique, which should be described
and justified. Sufficient detail needs to be provided in order for the reader to understand how the
scores or results are to be calculated for each outcome.

For dose escalation trials where dose escalation is dependent on observed rates of dose limiting
toxicities (DLTs), specification of (or suitably reference to) the definition of a DLT, its reporting
window and how the maximum tolerated dose (MTD) and the recommended phase Il dose (RP2D)
will be identified.

Estimand definition ®
Item 26d:
Intercurrent event handling strategy.

Explanation:

Intercurrent events of interest should be defined here. Details regarding the strategy, including
analysis adjustments, for dealing with intercurrent events should be specified. The five strategies for
handling intercurrent events are: the treatment policy strategy; the composite strategy; the
hypothetical strategy; the principal stratum strategy; and the while on treatment strategy. These
strategies can be used independently or in combination, but intention of how to use should be
clearly specified in advance of any analysis. [32]

Estimand definition ®
Item 26e:
Summary measures.

Explanation:
Indication as to the population—level summary measure of the variable to which will be used. The
summary measure provides a basis for a comparison between treatments or doses.

Examples
The estimand is described by the following attributes:

[26a] Treatment: Drug X infusions at days 1, 8 and 15 at a dose specific to the entry cohort as
recommended by the CRM design.

[26b] Population: The evaluable population as defined in item 20. [The evaluable patient population
is defined as those who meet the eligibility criteria, at a minimum have received the day 1 infusion
and excludes those who have withdrawn for non-treatment related reasons.]
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[26c] Variable of interest: Incidence of dose limiting toxicity (DLT) within the first 8 days of
treatment. A DLT will be any adverse event (categorised as per CTCAE) which is graded as severe
(grade 3) or higher and is deemed to be at least potentially related to treatment. Any patient who
withdraws or dies due to treatment related reasons will be categorised as having experienced a DLT.

[26d] The following intercurrent events (IEs) of interest will be considered:

(1) Day 8 toxicity assessment not performed through patient related reasons.

(2) Day 8 toxicity assessment not performed due to site error.

(3) Day 8 toxicity assessment not being performed at the right time (performed either earlier or later
than scheduled).

For IE (1), the reasons why the assessment was not performed will be investigated. Depending on
the reasons for non-attendance a decision will be made regarding whether they are to be:

e Included in the analysis and assumed to have experienced a DLT;
e Included in the analysis and assumed to not have experienced a DLT; or
e Excluded from analysis and replaced with recruitment of additional patient.

For intercurrent event (2) data from subsequent visit(s) will be used to ascertain if a suspected DLT
occurred during the DLT reporting window. The main estimand will use all patients who had their
day 8 assessment and those who it can be definitely ascertained to have experienced a DLT within
the report window (using data from subsequent visits). Any patient who did not have the day 8
assessment and who either did not experience a DLT or experienced a DLT outside of the reporting
window will be excluded from the analysis.

The sensitivity estimand will then include the entire population as defined above, therefore covering
all those as in the population who both did and did not have their day 8 assessment performed. For
patients who missed the day 8 the following will hold: any patient who experiences an event which
fulfils the criteria of a DLT at any point up until their safety visit will be assumed to experience a DLT;
any patient who does not experience an event fulfilling the criteria of a DLT at any point up until
their safety visit will be assumed to not experience a DLT at any point.

For IE (3) an analogous approach to the strategy defined to handle IE (2) will hold. Where it is the
case that the safety assessment occurs prior to completion of the DLT reporting window, then data
will also be ascertained from the first safety visit occurring after the completion of the DLT reporting
window.

[26e] Summary measure: The number (count), proportion and percentage of patients experiencing a
DLT per dose cohort. The estimated DLT probability for each dose from the CRM model, and the
subsequent recommended dose.

The primary estimand is described by the following attributes:
[26a] Treatment: 7 infusions of drug X at dose Y mg/kg approximately 7 days apart starting on day 1.

[26b] Population: The modified intention to treat (mITT) population as defined in item 20. [The mITT
population contains all patients who have received at least one infusion at the confirmed dose of
drug X.]

https://mc.manuscriptcentral.com/bmj



Page 63 of 82

oNOYTULT D WN =

BMJ

[26c] Variable of interest: Serum alkaline phosphatase (ALP) at visit 3 (pre-infusion) and at follow up
visit 10 (day 99) as evaluated at central laboratory.

The primary estimand is the response at day 99 in serum ALP, requiring a reduction of 25% or more
from baseline. Baseline ALP level will be measured at pre-infusion on the first treatment visit (overall
trial visit 3), and again at follow-up visit 10 day 99. The response will be calculated using the
formulae:

ALPDay99 - ALPVisit 3 (pre — infusion)
X

% Change = 100

ALPVisit 3 (pre — infusion)

Using the above formulae, a negative value indicates a reduction, whereas a positive value indicates
an increase.

The clinically meaningful reduction required corresponds to a value of -25% or less (< -25%). The
proportion of patients with a clinically meaningful reduction will be calculated as

Patients with clinically meaningful reduction

0 . . L. : Lo
% of patients with clinically meaning ful reduction = All patients in the mITT population

Where patients have their follow up visit 10 ALP sample missing, they shall be treated as a non-
responder and included in the denominator of the above equation. The number of non-responders
for the primary outcome will be reported.

[26d] Intercurrent event: The key intercurrent events pertains to blood samples not being analysed
or returned from the central laboratory (e.g., due to samples haemolysing or being lost in transit). In
order to mitigate against this further samples will be analysed locally. It is our intention to use the
principal stratum strategy, and thus only analyse patients who have centrally analysed samples in
the primary estimand.

[26e] Summary measure: The number and proportion of patients with a clinically meaningful
reduction will be reported.

Analysis methods
Item 27a:
What estimator and analysis method will be used and how the results will be presented.

Explanation:

Conclusions can be affected substantially by the analysis method(s) used, therefore, it is extremely
important to pre-specify the analysis method(s) so there is no possibility of the method being chosen
because it gives the most positive results. For each outcome, the SAP should specify what analysis
method(s) will be used for statistical comparisons. The population and summary measure used
should be consistent with that specified in the definition of the estimand, in items 26a-e. If more
than one method is to be used to analyse the primary outcome, e.g., adjusted and unadjusted for
covariates, then the primary analysis method should be identified.

Where line listings are to be used, it may be prudent to here include which information will be
reported.

For dose escalation trials, the criteria for deciding to escalate doses and how the final dose will be
picked (e.g., that with DLT probability closest to but not exceed 33%) should be described.
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For all model-based and model-assisted early phase trials it is useful to include the formulae (or
sufficient reference to), and the mathematical specification of the model required for the analysis. If
these formulae have been specified in earlier sections, such as in item 9 or in a supporting
document, reference to this is sufficient. Moreover, if transformations are to be applied, then these
should be specified along with the rationale for the transformation and the resulting interpretation.

To ensure that critical decisions and conclusions drawn from the trial where the analysis method is
novel or non-conventional, it is recommended that the code required to produce the analysis and,
where appropriate, inform dose escalation decisions is made available. While the main body of the
SAP is not the appropriate place for this, it is suggested that the code is appended, see point 35.
Making the code available allows the critical decisions of the trials to be replicated and reproduced.

Example:
“The estimator in order to determine the optimal dose is the EffTox design (as described in item 9c).
The optimal dose will be reported with its associated probability of DLT and response.”

“We will use a 3-parameter logistic regression model to model the relationship between dose and
efficacy. Patients are assessed for the efficacy endpoint in week 13. Patients who have not reached
this time point yet will not provide any information to this model. Patients who have reached the
time point for this endpoint and did not have the evaluation, or who withdrew or died prior to
evaluation will be treated as non-responders.

Let zidenote 1 if the patient responded and 0 otherwise. Then we assume

zj|x;~ Bernoulli(®,,)

logit((z)x]_)~ y1+ volog (Xi/d*) + yg[log (xj/d* )]2

—05, /7 0 0
( 05 ) (0 7 0)
0 0 0 4

We can then calculate the posterior probability of efficacy for each treatment schedule.” [18]

n(y1,v2 v3) ~ MVN

“The estimand is estimated by the number and proportion of patients with a clinically meaningful
ALP reduction as described in item 26e.”

Analysis methods
Item 27b:
Any adjustments for covariates.

Explanation:

For each estimator which has an underlying statistical model, the SAP should specify whether
adjustment will be made, and if so, the covariates to be used (including the categories if applicable),
and how these will be included in the model (e.g., as fixed effects, or random effects). For the
primary endpoint, it must be clear whether the adjusted or unadjusted analysis is the primary
analysis as failing to pre-specify can lead to bias.

Example:
“Baseline covariates will be adjusted for in the modelling as necessitated by clinical indication and in
order to aid model convergence/diagnostics.”

“No adjustments for covariates will be made.”
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Analysis methods

Item 27c:

Methods used to check assumptions of the underlying statistical methods and goodness of fit for the
model.

Explanation:

For each estimator which has necessary post estimation check, there may be a number of
assumptions which need to hold for the analysis to be valid and to ensure that conclusions, and
where appropriate dose escalation decisions, drawn are correct. Checks to assess the underlying
assumptions should be pre-specified.

Example:

“The first method of checking model adequacy will be the presence of divergent transitions.
Presence of any divergent transitions will indicate that the proposed model does fit the observed
data satisfactorily, and that alternative models need to be considered.

First, alternative specifications for any fixed-effects will be considered. Analytical functions of time-
varying covariates will be considered (e.g., Time?, or VTime) to address the potential of non-linear
progression. Secondly, and where appropriate, alternative specifications for the random-effects will
be considered. It is anticipated that the terms used in the random effects structure will be a subset
of those used in the fixed effects structure. In all situations, a saturated model is likely to provide a
good fit. However, we will prefer a more efficient model with fewer parameters, if possible. In all
cases, the final functional form of the models used will be presented.

While all models will be run on multiple chains, and a warm-up sample discarded with the aim of
minimising the possibility of non-convergence, non-convergence is possible. Model convergence will
be assessed through visual inspection of history, density, and autocorrelation plots. Model
convergence statistics of and the effective sample size will also be monitored. As with all
convergence plots, such methodology is only appropriate for detecting non-convergence, should any
of the aforementioned convergence plots or statistics suggest evidence of non-convergence,
sensitivity to warm-up and sample, inclusion of different baseline covariates, and alternative model
specifications will be considered.” [34]

“Given that only descriptive statistics are to be presented, there is no appropriate method for
checking assumptions. The type of diagnostic statistics (either means and SDs or medians and IQRs)
will be chosen based on the distribution of observed data.”

Analysis methods
Item 27d:
Details of alternative methods to be used if distributional assumptions do not hold.

Explanation:

Since randomisation and blinding can be rare in early phase trials, a blinded review of distributional
assumptions may not be relevant or possible. Therefore, it is important to pre-specify alternative
methods and models which are to be used if the underlying assumptions do not hold. Akin to the
main estimator and where possible, the formulae and mathematical specification of these
alternative models should be given.
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The approach taken should be considered carefully as bias may be introduced either by choosing the
method of analysis based on the results of tests of assumptions [35, 36] or from performing
hypothesis tests in which the underlying assumptions are not upheld. Three possible approaches
may be considered: i) pre-specify alternative analyses and how the statistician will choose between
them in the SAP so that the process is transparent; ii) select a method of analysis that is robust to
assumptions; or iii) state the method of analysis to be used in the SAP and specify that a sensitivity
analysis will be performed using an alternative set of assumptions and the results compared.

Example:

“The relationship of the primary endpoint with dose will be explored by fitting a number of
candidate models. The list of candidate models were fitted to the primary endpoint divided by 100
with the targets defined as 0.10 and 0.20, respectively. The candidate models include the linear, the
quadratic, the cubic, the logistic and the Emax (with 3 and 4 parameters). The mathematical formula
of the models are given by:

e Linear:y=a+b (dose)

e Quadratic: y = a + b (dose) + c (dose?)

e Emax:y={a+b(dose)}/{1+dose/c}

e Cubic:y=a+b (dose) + c (dose?) + d (dose?)

e Logisticcy=a+{b/1+exp((c—dose)/d)}

e Emaxd:y={a+bdose>@}/{1+dosee @ /c}

The estimated equation of each convergent model will also be plotted in the scatter plot of the
primary endpoint against dose. For each model, its estimated coefficients (a to d where applicable)
with their standard error will be reported. The Akaike Information Criterion (AIC) and the deviance
of each model will be reported as measures of adequacies of fit. The residual error of each
regression will also be reported. The residual values of each model against its predicted values will
be plotted, as well as a quantile-quantile plot of its residuals. The proposed target doses of each
model with their standard errors and with a 95% confidence interval will be reported.” [7]

“A priori it is not thought that any alternative model specifications will be warranted. If this ends up
not to be true, the alterations to this will be detailed in all generated reports and marked as a
deviation from the SAP”.

“No modelling is here to be performed and so specification of alternative models is not
appropriate”.

Analysis methods
Item 27e:
Any planned sensitivity analyses for each outcome where applicable.

Explanation:

For each outcome, where applicable and in line with the definition of the estimand, the SAP should
specify whether any sensitivity analyses will be conducted. The definition and description of any
planned sensitivity analyses should include the same level of detail as in the descriptions of the
primary and secondary estimators. Any parts of the estimand which will change when conducting
sensitivity analysis (e.g., a change in analysis population) should be clearly defined and explained.
Moreover, while it is unlikely in the context of early phase clinical trials that the presence of a high
amount of missing data would trigger the need for sensitivity analyses, if such a minimum
percentage does exist, this should be clearly stated.
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Example:

“There are two planned sensitivity estimands to the primary estimand planned. For the first, where
patients do not have a centrally analysed ALP value, the locally analysed ALP value will be imputed
and the primary estimand repeated. The second sensitivity analyses will repeat the primary
estimand this time using only locally analysed ALP for all patients. This sensitivity analyses is
intended to only be exploratory and so no significance testing will be performed on sensitivity
results.”

“Sensitivity analyses will also be performed in the per-protocol population, which is defined as those
patients who completed the treatment as originally allocated with no dose modification or missing
doses (i.e. patients that have received all 7 infusions as scheduled in the protocol at the MED dose).
For sensitivity analyses, only the primary outcome measure (with central processing) will be
assessed.” [3]

“Sensitivity analyses will be carried out during the trial for dose-decision meetings and also for final
analysis for estimating the optimal dose. In addition to repeating the analysis using the sensitivity
population defined in Section 4.2, we will also repeat the analysis using different weight functions.
Therefore the 2 sensitivity analyses are:

1. Sensitivity population and analysis using weights according to length of follow-up only, i.e.
not taking into account how much dose has been received

2. Main population but with the most toxic scenario, i.e. we assume that all patients currently
in follow-up within the DLT Window of 13 weeks have a DLT” [18]

“For all the Bayesian analysis listed above, where prior distributions are specified in advance,
sensitivity to prior will be assessed.” [34]

“There are no planned sensitivity analyses for this study.” [21]

Analysis methods
Item 27f:
Any planned subgroup analyses for each outcome including how subgroups are defined.

Explanation:

All pre-planned subgroup analyses should be clearly specified. It may be appropriate to define the
subgroup analysis using the estimand framework, including the same considerations such as how the
patient populations will be defined and patients assigned subgroup categories, and how the results
will be presented. Performing a large number of subgroup analyses is often infeasible in early phase
trials due to the limited sample size and should generally be avoided. However, there may be times
when it is appropriate to do so (for example when the aim is to demonstrate consistency across
subgroups).

Example:

“Due to the lack of statistical power for subgroup analyses in this early phase Il trial, results provided
will be exploratory only. Therefore, results should not be over interpreted and instead used as a
guide for further subgroup analyses in a larger phase Il setting. Subgroups to be studied include:

e Results by mutation type
e Primary disease
e Qestrogen receptor data
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e Sex
e Health Economics” [37]

“Exploratory subgroup analyses may be performed based on stage of liver disease and/or prior
treatments. For exploratory subgroup analyses, only the primary estimand (with central processing)
will be assessed and no hypothesis testing performed.” [3]

“No subgroup analyses are planned.” [2]

Missing data
Item 28:
Reporting and assumptions/statistical methods to handle missing data (e.g., multiple imputation).

Explanation:

While the majority of trials will have some missing data, [38] thus potentially introducing bias
dependent on the pattern of ‘missingness’, [39] using formal methods such as multiple imputation
to handle missing data is generally not advocated in early phase clinical trials due to the restricted
sample size.

Regardless, it is important that the SAP states how missing data will be handled and reported
including details of any statistical methods and their assumptions, which will be used to handle
missing data. The definition of what data is considered to be missing and the methodology used to
deal with any missing data will be directly impacted by the definition of the estimand, as given in
items 26.

If there are plans to impute missing outcome data, then a list of variables and details regarding the
imputation process should be made apparent, either through explanation here or through suitable
reference to another supporting document where more details can be sought. Since conclusions
drawn from any imputation depend on the statistical method used, it is crucial to pre-specify which
methods will be used under which circumstances, and which will be considered the primary analysis.
This again promotes transparency in the trial and minimises any ambiguity in the methods.

Example:

“The incident of missing data will be reported and if it rises more than 10% then sensitivity analyses
will be carried out as appropriate. Summary tables will present the population size either in the title
or in the column headers, and thus the number of missing values for any particular variable/visit will
be documented.” [7]

“No data imputation is planned.” [18]

Additional analyses
Item 29:
Details of any additional statistical analyses required, e.g., complier-average causal effect analysis.

Explanation:
"Any additional analyses to be conducted should be specified with reasons these are required, a
description of the additional analysis and how it will be conducted. This may include pre-specified
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exploratory analyses that are hypothesis generating or confirmatory of issues identified in other
trials." [1]

Example:
“No imputation or additional analyses are planned a priori.” [9]

“Additional analyses will be performed which combines translational data with clinical outcomes.”

Harms

Item 30:

Sufficient detail on summarizing safety data outside of that used for dose escalation (e.g., non-DLT
safety data), e.g., information on severity, expectedness, and causality; details of how adverse
events are coded or categorized; how adverse event data will be analysed, i.e., by grade, incidence
case analysis, intervention emergent analysis.

Explanation:

Where information on DLTs is collected, incidence and details of DLTs will typically be reported
alongside the relevant outcome. However, consideration of the full safety profile is key for every
clinical trial. It is important that safety data is reviewed and details are provided in the SAP on how
the remaining safety data will be summarised during interim and final analyses, including the
analysis population to be used. Information may be provided on the severity, causality and
expectedness of the adverse event, events resulting in dose reductions, information on how the
adverse events will be coded or categorised and by whom. The method of summarising the adverse
event data should be described ensuring it is clear whether the descriptive summary will use number
of events or number of patients and any analyses to be conducted (e.g., will the adverse events be
compared descriptively or will formal statistical testing be undertaken).

Example:

“All safety analysis will be conducted on the safety analysis set.

In order to assess toxicity throughout the trial, the following will be presented at each DMC meeting
and in the primary analysis report.

e The number of deaths in the trial will be reported by cohort and treatment arm with cause
of death reported.

e The number of serious adverse events (SAEs) will be presented by cohort and treatment
arm. A summary for each SAE categorisation code (e.g., SAR, SUSAR, unrelated SAE) will be
presented.

e The number of grade 3 or greater adverse events reported by cohort and treatment arm (for
the randomised component).

e The number and proportion of patients experiencing a grade 3 or greater adverse event.

e The number and proportion of patients experiencing any adverse event.” [22]

“Details of all AEs will be documented and reported from the date of commencement of protocol
defined treatment until 28 days after the administration of the last treatment. All AEs will be
followed up until resolution or until last trial visit (whichever occurs soonest). Any AEs ongoing at the
patient’s last trial visit will be marked as unresolved.

In addition to safety outcomes as detailed below, the following will be reported, stratified per-
protocol and, where appropriate, according to trial stage.
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e Toxicities will be tabulated by CTCAE v5.0 classification, grade and number (and percentage)
of patients affected,

o Aline listings given of grade 3, 4 or 5 adverse events deemed at least possibly related to
treatment,

e Duration of adverse events will be summarised,

e SAEs will be reported as frequency and number of patients experiencing them, together with
outcome (e.g., death, resolved etc.), and

e Line listings of all SAEs and DLTs.

e Incidence and summary characteristics of adverse events of particular interest shall be
reported. Adverse events that are of particular interest are those which are perceived to be
related to tolerability of the gel, e.g., redness or itchiness of the wound.” [34]

Statistical software
Item 31:
Details of statistical packages to be used to carry out design, simulation and analyses

Explanation:

“Details of the statistical packages to be used to conduct the statistical analyses may be provided in
the SAP. While version numbers of software may change during the lifetime of the trial and so
should not be specified in the SAP they should be included within final reports.” [1]

Example:
“Statistical analyses will be carried out using relevant statistical software; SAS, Stata or R.” [11]

References
Item 32a:
References to be provided for nonstandard statistical methods.

Explanation:
“References should be provided in a SAP for any non-standard statistical methods that will be used.
If there is any doubt on whether a method is non-standard then it is better to include a reference.”

(1]

References
Item 32b:
Reference to Data Management Plan.

Explanation:

“Reference should be made to the Data Management Plan (DMP) with the version number that was
used when writing the SAP. This is important as both documents should be linked with information
in the DMP that is also important for the final analysis report. If there is no DMP, then the location of
this information (e.g., data handling and cleaning) should be provided.” [1]
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1

2

2 References

5 Item 32c:

6 Reference to the Trial Master File and Statistical Master File.

; Explanation:

9 “The Statistical Master File is part of the Trial Master File but is often held separately with restricted
10 access. The Statistical Master File may hold details of the randomisation process or specific protocol
11 deviations that the statistician needs to refer to when executing the statistical analysis plan. If a

:g Statistical Master File is held separately to the Trial Master File, then both should be referenced.” [1]
14

15

16 References

1; Item 32d:

19 Reference to other standard operating procedures or documents to be adhered to.

;? Explanation:

22 “Reference should be made to any other Standard Operating Procedures (SOPs) or documents that
23 are adhered to and followed when writing the SAP.” [1]

24

25

26 . .

57 Section 7: Suggested SAP Appendices

28 Simulation Report

;g Item 33:

31 Operating characteristics of the trial design to assess the probability of trial success under different
32 plausible scenarios.

33

34 Explanation:

35 The estimand and scenarios assessed through simulations will be analogous to the estimand used in
;? the main trial, appraising all the underlying assumptions and limitations of the model.

38 Where model-based designs are used, assessment of the design’s operating characteristics is needed
39 to ensure the trial will yield a (successful) result and provide sufficient overdose control. [40] Proper
2(1) documentation of simulation studies is favoured by regulators.

fé The appropriate simulations to assess utility of the trial design should, at a minimum, test the

44 scenarios where each dose level is the maximum tolerated dose (MTD) and where all doses are

45 ineffective or dangerous (e.g. too toxic or fail to achieve the desired response). With regards to

46 simulation output for dose-escalation trials, for each scenario it is preferable to report:

47

48 e Prior distributions or skeletons (as appropriate),

49 e The true DLT rate,

g? e The probability of each dose being selected as the MTD (where applicable),

52 e The percentage or mean number of patients being treated at each dose level,

53 e The probability or mean number of patients being treated above the true and estimated

54 (where different) MTD,

gg e The probability the trial stops early due to excess toxicity (e.g., when the lowest dose is too
57 toxic).

gg With regards to simulation output for efficacy estimands, for each scenario it is preferable to report:
60
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e Prior distributions (as appropriate),

e The true efficacy or response rate (as appropriate),

e For trials with a formal interim, probability of stopping for either efficacy or futility
(depending on trial design), where the underlying truth would both agree with and counter
indicate this,

e Probability of yielding a successful result at the end of the trial.

Sufficient information should be included to allow for replication by someone without prior
knowledge of the trial. The methodology and rules underpinning the design (e.g., doses under
investigation and their order, target dose, model type and parameters, including where appropriate,
model weights, and how to select a dose) should be the same as for the main model to be used for
analysis (as specified in the main SAP). In addition to output and results, at a minimum the following
would be recommended:

e The estimated duration of the trial,

e The number of patients to be enrolled per cohort and in total,

e If aflexible cohort size is to be used, how this cohort size was sampled,

e How many simulations are run,

o If the trial design has a TiTE component, the time between patients are enrolled,
e |If a seed was used, this should be included.

Further guidance, particularly for CRM trials is available. [41]

Dose transition pathways

Item 34:

For dose-escalation trials, indication of the dose transition pathways (either using tables or
trees/graphs) under different DLT scenarios.

Explanation:

For any dose escalation component of early phase trials, dose transition pathways (DTPs) are a
useful tool used to assist decision-making, particularly useful in the instance of novel methodology
or complex dose escalation/overdose control rules. DTPs facilitate transparency of dose escalation
decisions and can be a useful tool to facilitate the work of the relevant safety monitoring board. [42]

This section is not applicable for single arm phase Il trials with efficacy outcomes.

Example
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Table A3h: Dose transition pathways for the first four cohorts of three patients. This chart should not be used if the size of
any cohort is different to three patients.

Pathiviie Cohort 1 Cohort 2 Cohort 3 Cohort 4
“ | Dose DLT [ Dose DLT | Dose DLT Dose
1 2 0 3 U 1 0 5
2 2 0 3 0 4 1 4
3 2 0 3 0 4 2 1
4 2 0 3 0 4 3 3
3 2 0 3 1 3 0 4
b 2 0 3 1 3 1 3
T 2 0 3 1 3 2 2
8 2 0 3 1 3 3 1
9 2 0 3 2 2 0 3
10 2 0 3 2 2 1 2
11 2 0 3 2 2 2 1
12 2 0 3 2 2 : 1
13 2 0 3 3 1 0 2
14 2 0 3 3 1 1 1
15 2 0 3 3 1 2 1
16 2 0 3 3 1 3 0
I 2 1 2 0 3 0 4
18 2 1 2 0 3 1 3
19 2 1 2 0 3 2 2
20 2 I 2 (0 3 3 I
21 2 1 2 1 2 0 3
22 2 1 2 1 2 1 1
23 2 1 2 1 2 e 1
24 2 1 2 1 2 3 1
25 2 1 2 2 1 0 1

(6]

Code
Item 35:
Full model specification and programming code used for evaluation of dose-escalation decisions.

Explanation:

Optional section, encouraged for novel model-assisted and model-based phase | designs. In these
instances, the full model specification and programming code should be made available in the SAP
(or suitably referenced document). If model code is to be included, appropriate annotation of the
model code should be incorporated. Where established methodology is to be used, for which there
are publicly available specialist software available, appropriately referenced indication of functions
and packages to be used (including an example of such functions) is sufficient. This allows dose
escalations decisions to be replicated and promotes reproducibility.

Reports Template
Item 36:
Optional section detailing exemplar tables, graphs and report templates.

Explanation:
While not necessary, a template may be appended to the SAP to aid in producing reports to be used
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over the course of the trial (for example for interim safety meetings; dose escalation decision
reviews; or data monitoring committee meetings). These reports may detail the intended layout,
content, tables, and graphs to be produced. This template may be stored separately to the SAP, in
which case suitable reference is sufficient. Suggested sections in these report templates include;

Notes

CONSORT diagram,

Recruitment details,

Baseline characteristics,

Patient disposition,

Treatment (received, discontinuation, compliance),

Adverse Events (AEs), to include sections on DLTs, Serious Adverse Events (SAEs), non-
serious AEs,

Dose-escalation content e.g., Modelling output, recommendation for next cohort (where
appropriate),

Efficacy estimands (where appropriate),

PK estimands (where appropriate),

Sensitivity analysis results (different contributions to TiTE component),

Other estimands (where appropriate).

This item was called ‘Confidence intervals and P values’ in the Gamble et al. paper. It has been
changed to ‘Indications of uncertainty’ to reflect that many early phase trials designs are underpinned
by Bayesian methodology.

This item was called ‘Outcome definitions’ in the Gamble et al. paper. It has been changed to
‘Estimand definitions’ following the wider adoption of ICH E9 (R1; Addendum on estimands).

Abbreviations List

AE: Adverse Events

AIC: Akaike information criterion

ALP: Alkaline Phosphatase

AUC: Area Under the Curve

BID: Bis In Die (twice a day)

Cl: Confidence Interval

CONSORT: CONsolidated Standards Of Reporting Trial
Crl: Credible Interval

CRM: Continual Reassessment Method

CTCAE: Common Terminology Criteria for Adverse Events
DDC: Dose Determination Committee

DLT: Dose Limiting Toxicity

DMC: Data Monitoring Committee

DMP: Data Management Plan

DTP: Dose Transition Pathways

ESS: Effective Sample Size

ICH: International Council for Harmonisation

IE: Intercurrent Event

IMP: Investigational Medicinal Product
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IQR: Interquartile Range

ITT: Intention To Treat

IV: Intravenous

LPLV: Last Patient Last Visit

MED: Minimum Effective Dose

mITT: Modified Intention To Treat

MRD: Minimum Residual Disease

MTD: Maximum Tolerated Dose

po: The largest unacceptable response rate
p1: The smallest acceptable response rate
PD: Pharmacodynamics

PK: Pharmacokinetics

PO: Partial Ordering

QolL: Quality of Life

RP2D: Recommended Phase Il Dose

SAE: Serious Adverse Event

SAP: Statistical Analysis Plan

SAR: Serious Adverse Reaction

SD: Standard Deviation

SOP: Standard Operating Procedures
SUSAR: Suspected Unexpected Serious Adverse Reaction
TiTE: Time To Event

TMG: Trial Management Group

TSC: Trial Steering Committee
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CTU Name:

Details of statistics representative who completed this survey:
Name:

Email:

We ask the above details for the purposes of keeping a record of responders and to ascertain aggregate data regarding
survey completion. If you do not wish to be acknowledged for your participation, please tick here: |:|

Please return the completed surveys to V.S.Homer@bham.ac.uk.

The following questions are about Statistical Analysis Plans (SAPs) and current practice within your CTU.
We would also be grateful if your responses could be made on behalf of your CTU, so it may help to
discuss the survey with your colleagues before returning it.

For the purpose of this project and survey, we are defining early phase trials as trials which aim: to
determine safe doses and dosing schedules for a treatment/intervention (phase |), or whether or not there
is any signal of efficacy for that intervention (phase Il or I/Il).
Our definition therefore includes single-arm or randomised phase | trials and single-arm phase Il trials such
as:
- Rule-based phase I trials (such as the 3+3 design),
- Model-based phase | trials (such as the continual reassessment method),
- Model-assisted phase | trials (such as modified toxicity probability interval (mTPI) design),
- Randomised dose finding phase | trials (such as those which randomise between placebo and a
dose of the experimental treatment, or those which randomise to attain the optimal doses or
dose schedules once safety has been assured),

- Single arm phase Il trials.

Does your trials unit run early phase clinical trials?

Yes |:| No I:l

If you answered no to the above question, we would appreciate it if you could return the survey with only
this question answered using the details provided at the start. We would like to thank you for your time in
reviewing our request and shall no longer contact you in relation to this project.

If your unit does run early phase clinical trials, we would greatly appreciate it if you could complete the
remainder of this survey.

1. Regardless of trial phase, does your trials unit have a SAP template, or a specific set of
instructions, that you use when authoring SAPs?

Yes I:l No I:l
1a. If no, reason why? Please tick one:

Template is not required |:|

Please specify why

Template under development |:|

Need for template recognised but |:|
development has not started

Other (please specify)

https://mc.manuscriptcentral.com/bmj
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2. When authoring SAPs for early phase clinical trials, as defined at the start of this document, which
of the following is most appropriate:
a. we have a specific SAP template (or set of instructions) for early I:l
phase clinical trials
b. we have a SAP template (or set of instructions) that is applicable I:l
to all phases of trial
c. we do not have a template (or set of instructions) for writing a SAP I:l
for an early phase clinical trial

2i. If you selected option b, does this template have a specific early phase section?

Yes |:| No |:|

2ii. If you selected option c, please briefly explain why

3. Are there any scenarios of early phase trials where you would not produce a SAP?

Yes |:| No |:|

3a. If yes, for which types of early phase trials would you produce or not produce a SAP for? (If you
do not perform these studies at your CTU then please select N/A). Please tick all that apply.
Would produce Would not produce N/A
Rule-based phase | trials

Model-based phase | trials
Model-assisted phase | trials
Randomised phase | trials

Single arm phase Il trials

HiEInEin
HiEnE
HiEInnn

Other (please specify)

4. What analyses is the produced SAP(s) pertinent for:

Final analyses Yes |:| No |:|
Interim analyses Yes |:| No |:|
DMC/TSCs ves [ ] No []

Other (please specify)

5a. Would you be willing to provide a copy of the template used when writing SAPs for early phase
clinical trials to contribute to the project as part of a review of UK CTU practice?

Yes I:l No I:l

If yes, please forward along at the same time as returning this survey.

5b. Would you be willing to provide an example of an early phase SAP to contribute to the project as
part of a review of UK CTU practice?

Yes |:| No |:|

If yes, please forward along at the same time as returning this survey.
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6. Do you think there is a requirement for early phase SAP guidance?

Yes |:| No |:|

7. If such guidance existed, is this something you feel you would use at your CTU?

Yes |:| No |:|

As part of this project, we will be producing guidelines, piloting them and holding consensus
meetings. If your CTU would be happy to be involved with this project and be contacted in
collaboration with it, please nominate a contact and provide their details below.

Name

Email

If you have any additional comment about SAPs for early phase trials, please use the space provided.

We would like to thank you for the time taken in considering our request and completing this
survey. The opinions and views of your CTU are important for this project, and we are grateful

for your support.
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