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Preface

This book provides an overview of Data Monitoring Committees — what was done
in the past, what is currently being done, and thoughts on improvements for
the future.

Virtually everyone reading this book will take a medicine or treatment at some
point in their lives that was first studied in a clinical study — many of which had Data
Monitoring Committee oversight as a key agent to protect patient safety. But virtu-
ally nobody has had any formal training on DMCs. Neither the people working at
the companies developing the medicine or treatment, nor the prospective DMC
members. This book’s goal is to educate all those involved in the DMC process on
the best practices for DMC.

The authors have attended ~1000 DMC meetings from ~250 distinct studies
across all areas of clinical studies (oncology, rheumatology, rare diseases, cardiol-
ogy, immunology, etc.). This wide range of experience helped shape the creation of
this book, as well as their experience that comes from working on DMCs with virtu-
ally every large biotechnology and pharmaceutical company.

The reader of the book will learn when DMC:s are needed or helpful, how to form
the DMC, how to work with external CROs and with sponsor teams and the DMC
to create needed DMC outputs, how the DMC meetings are conducted, and — espe-
cially for DMC members — what are considerations within the Closed Session to
review for risk/benefit to make appropriate recommendations that protect the patient
safety and trial integrity.

The book provides the DMC framework for biotechnology and pharmaceutical
professionals across the board — current and prospective DMC members, employees
in industry and academia and non-profit who are running clinical trials that need
DMC support, and employees at CROs that are directly facilitating DMC services.

The topic of DMCs is not generally taught in school, and people might work in
industry or academia on clinical trials for decades but not be exposed to DMCs but
then suddenly be assigned to assist on DMC work. So the need was great for a book
for people suddenly needing to support a DMC — either at a sponsor, or CRO, or
actual DMC member. Previous books have focused on large cardiology studies
(which admittedly were the most common studies to use DMCs decades ago), but
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there was a need for a book that discusses more current studies, along more detailed
look on the behind-the-scenes work from the SDAC. We hope this book provides
help in navigating the DMC process so that patient safety and study integrity are
well protected.

Chapter “Introduction” provides an overview of the types of clinical trials that
are conducted, focusing on the values of a randomized, blinded controlled study,
and setting the stage for the value of a DMC in such a study.

Chapter “What Is a DMC” provides the high-level overview of the key responsi-
bilities to the study.

Chapter “Is a DMC Required? What Other Groups Are Involved?” discusses
when a DMC is recommended to be used, and reviews the other groups involved
with the clinical trial that perform complementary activities to help the DMC.

Chapter “Who Is on the DMC?” lists the qualifications for DMC members as
well as quorum, voting, and duration of service.

Chapter “What Are the Legal and Financial Aspects of a DMC?” covers legal
aspects, primarily regarding conflict of interest since DMC members should be
independent oversight.

Chapter “How Does the DMC Work with SDAC and Sponsor and External
Groups?” delineates the key interactions between the DMC, the sponsor of the
study, and the group facilitating the DMC activities.

Chapter “What Does a DMC Meeting Look Like?” talks about the different
types of DMC meetings, and what types of sessions and discussion will exist for
each of these types of DMC meetings.

Chapter “What Data Is Used for DMC Outputs and Who Programs?” focuses on
the data that is used for the DMC review and who is doing the programming behind
the scenes for the outputs the DMC receives.

Chapter “What Is Included in DMC Outputs?” is a general overview of these
DMC outputs, clearly emphasizing that the layout and table of contents for outputs
created for a DMC are expected to be very different from what would be generated
at the end of the study for regulatory review.

Chapter “What Do the Final DMC Outputs Look Like and How Is It Delivered?”
continues along those lines for how final materials are packaged and distributed to
the DMC.

Chapters “What Types of Safety Outputs Does the DMC Receive?”’, “What
Types of Efficacy Outputs Does the DMC Receive?” and “What Types of Other
Outputs Does the DMC Receive?” go into detail about the outputs that are both
comprehensive and comprehensible for the DMC — safety, efficacy and other out-
puts respectively in the three chapters.

Chapter “What About In-Between DMC Meetings?” mentions materials that
might be sent to the DMC outside of the normal DMC meetings.

Chapter “What Types of Formal Interim Analyses Does the DMC Review?” is an
in-depth discussion of formal interim analyses with examples and only gently
touching on advanced statistical theory.
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Chapter “What Does the Paperwork from DMC Meetings Look Like?” gives
guidance on the formal documentation that should be in place after each DMC
meeting takes place.

Chapter “How Does the DMC Assess Risk-Benefit for Their Decision Making?”
focuses on the DMC decision making, particularly when faced with difficult choices.

And, finally, chapter “What Are Some Examples?” provides a variety of vignettes
culled from the author’s experiences.

Writing a book is harder than we thought and more rewarding than we could
have ever imagined. None of this would have been possible without help and sup-
port of our colleague Bill Coar, who assisted with SAS code to produce many of the
figures included in this book. Data for some figures was obtained from pilot data
from CDISC (Clinical Data Interchange Standard Consortium) and appreciation is
made to all those involved in CDISC’s valuable activities in clinical trials.

We’re thankful to Lingyun and Cyrus who agreed to write the Interim Analysis
chapter for the book. This chapter covers an in-depth discussion of formal interim
analyses with examples and only gently touching on advanced statistical theory.

We’re thankful to our industry friend, Rich Davies, who heads the safety statis-
tics division at GSK. He assisted with one of the case studies.

David appreciates the hundreds of collaborative, diligent, and knowledgeable
co-workers he has had the good fortune to work with (and become friends with)
over the past 25 years at what started as SERC, which became Axio Research, and
then part of Cytel. In particular he thanks Ruth McBride who first hired him as an
eager but naive statistician and introduced him to the world of biostatistics and
DMC s, and he thanks Lee Hooks who taught him the business side of CROs, and he
thanks Kent Koprowicz for always looking for ways to improve the DMC process
(and for the past five years saying, “You should write a book!”’). Especially thanks
to all who played lunchtime card games — especially the bridge group of Lee, Kent,
and Brian Ingersoll. Appreciation to the hundreds of DMC members David has
learned from when facilitating DMC meetings, and the dedicated teams at sponsor-
ing companies striving to prevent and cure disease.

David’s wife, Merissa, suggested not to include her in the acknowledgments
since she claims she didn’t even notice him writing this book. But on this rare occa-
sion he will disregard her opinion and thank her for all the support managing the
household while he was distracted by work these many years. And David thanks his
two children Natalie and Allison for all the fun they’ve had together — and he thinks
they now understand what he does even if in their early years David simply described
his work as “meetings and memos”. Of course, David could not have done this
without the lifelong support from his parents, Les and Arlyn.

Nand thanks his wife, Sprha, for her love and constant support, for all the late
nights and early mornings, and for taking care of kids while he was crazy busy
“thinking and writing” and keeping him sane over the past year. Most of all, he
thanks you for being his best friend. He owes you everything. He is grateful for his
beloved daughters, Yashasvi and Yushika for being such a bundle of joy and
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cheering up for him always. Yashasvi always made sure to check on the status of the
book submission deadline while Nand used to put her to sleep at night.

To Nand’s family, particularly his parents, some of the most important lessons of
his life have come from them, and for that he is forever grateful. To his mother- and
father-in-law, who have welcomed him into the fold over the last decade and he
truly feels like he is family.

King of Prussia, PA, USA Nand Kishore Rawat
Seattle, WA, USA David Kerr
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Introduction

David Kerr and Nand Kishore Rawat

Abstract This chapter provides an overview of the types of clinical trials that are
conducted, focusing on the values of a randomized, blinded controlled study, and
setting the stage for the value of a Data Monitoring Committee (DMC) in such a
study. The DMC provides value by reviewing safety and efficacy data, and then
making recommendations. These recommendations are made to help ensure study
integrity and to protect the patients — ultimately up to recommending stopping the
study to protect patient safety against undue risk, or due to established statistical
futility or statistical benefit.

Keywords Clinical study - Experiments - Hypotheses - Controlled study - Blinded
study - Randomized study - Randomization - Data Monitoring Committee (DMC)

Some of the greatest advancements in human development have been in the under-
standing of diseases and how to prevent and cure them. For centuries, scientists and
doctors have generated hypotheses and conducted experiments to see if the hypoth-
eses are indeed borne out by evidence. They might initially start by experimenting
on animals (pre-clinical studies), but eventually they will want to test the theories in
people (clinical studies). If the results of these clinical studies show the new treat-
ment is beneficial and safe (or at least safe enough, given the level of benefit), then
regulatory agencies will approve these new treatments for use and hopefully be
embraced by the clinical community.

These clinical trials are typically conducted by comparing two or more treat-
ments to each other. For example, some patients might get the new treatment,
whereas others would get the standard of care (the current best practice) or others
might get a placebo (a non-active treatment). It’s critical that these clinical trials
have a control group to compare the new treatment against. Without a control group

D. Kerr
Seattle, WA, USA
e-mail: david.kerr@cytel.com

N. K. Rawat (P<))
Lantheus, King of Prussia, PA, USA

© The Author(s), under exclusive license to Springer Nature 1
Switzerland AG 2023

N. K. Rawat, D. Kerr (eds.), Data Monitoring Committees (DMCs),
https://doi.org/10.1007/978-3-031-28760-2_1


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-28760-2_1&domain=pdf
https://doi.org/10.1007/978-3-031-28760-2_1
mailto:david.kerr@cytel.com

2 D. Kerr and N. K. Rawat

to compare against, there is a great challenge to determine if the new treatment actu-
ally produced results better than the standard of care or placebo would have.
Comparisons against historical data are generally flawed. Having a controlled study
(treatments directly compared against each other) is the standard practice.

Another aspect of clinical trials is that (if possible) they are conducted in double-
blind or triple-blind fashion. This means that the subject and treating physician
(double-blind) or possibly the sponsoring company running the study as well (triple-
blind) do not know whether the patient is taking a new treatment or the comparator
(standard of care or placebo). This helps enhance the integrity of the study. If differ-
ences in benefit are seen, it makes it more likely that the benefit is due solely to the
new treatment, not to differences in how patients or treating physician consciously
or subconsciously reacted to the knowledge that the subject is or is not on the new
treatment. For these blinded studies, an outside group is responsible for packaging
kits, pills, etc. with the intent that all treatments appear to same to the patients and
physicians. Not all studies are amenable to having blinded treatments — for example,
a comparison of a treatment given intravenously compared to a treatment given
subcutaneously might not have ‘sham’ administration of the other treatment.

A final component of many clinical trials is randomization. A subject entering
the study could end up being randomized to receive the new treatment, or the com-
parator. And if the study is blinded, they would not know what they received.
Randomization also helps enhance the integrity of the study. Randomization will
help ensure that the types of patients in each group are similar. So if benefit is seen
in the new treatment, it’s not because there were healthier or sicker patients, or any
differences in demographics. In a large enough clinical trial that employs random-
ization and blinding and a control group, if a benefit is seen in the new treatment
compared to the control group, we are reasonably confident that it is because of the
new treatment and not some outside influence.

So imagine a controlled, blinded, randomized clinical trial that will enroll 200
patients with acute myeloid leukemia (AML) that will randomize 1:1 — all patients
will get standard of care for AML, and all patients will additionally take daily pills,
100 patients will take pills with the new treatment, and 100 patients will take pla-
cebo pills, and no one in or involved directly with the study will know who is taking
the pills with the new treatment and who is taking the placebo pills. Our study will
take 2 years to enroll, and we want to follow the subjects to learn about deaths. Our
study will be complete after 120 subjects die. Our hypothesis based on previous
experience is that of those 120, <50 will be in the group that received the new treat-
ment and > 70 will be in the group that received placebo. Those results would be
statistically and clinically compelling to regulatory agencies and the clinical com-
munity. (Statistically compelling because it’s a bigger difference in results than
would have been expected by chance, and clinically compelling because this differ-
ence represents appreciable improvement in patient outcome.) It might take another
2 years after enrollment is complete before the 120th patient dies.

So imagine what might happen at the end of the 4 years, remembering that the
patients, treating physician, and company sponsoring the study do not know what
treatment the individual subjects are on. After 4 years, the sponsor finalizes the
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database with all of the subject data, and then (virtually) ‘rips open the envelope’
that contains the information on what treatment each subject had and analyzes the
results.

One possible situation is that the results are amazing. Of the 120 deaths, 40 were
on patients who took the new treatment and 80 were on patients that only had the
standard of care. This is great news — but then you start to look at the data in more
detail and realize that even a year ago, when only 80 deaths had been occurred, the
results are also very impressive at 30 vs. 50 deaths. Perhaps those results would
have been impressive enough to stop the clinical trial early and convince the regula-
tory agencies and clinical community and start to deliver this new treatment to pro-
spective patients (and start selling the new treatment) 1 year earlier.

Another possible situation is that the 4 years finish, the virtual envelope is
opened, and it is revealed that of the 120 deaths, there were 60 on the new treatment
and 60 on the placebo. This is obviously disappointing. After looking closer at the
data, it’s observed that even earlier on, it was clear that there was no benefit being
obtained — a look after 80 deaths a year earlier would have shown a 40 vs. 40 split
between the new treatment and placebo. The final year of the study was a waste of
resources, and the patients could have started other treatments earlier.

Another possible situation could be that the study finishes, and it’s revealed that
the new treatment actually had more deaths, 65 vs. 55. And not just more deaths, but
substantially more toxicity seen from patients treated with the new treatment —
adverse events such as serious infections were much more common on the subjects
taking the pills with the new treatment. And in fact this lack of benefit and concern-
ing excess toxicity of serious infections was occurring earlier in the study. Wouldn’t
it have been good to have detected this and stopped or substantially changed how
the study was being conducted to protect patients taking the new treatment from
risks that were happening without any likely accompanying benefit.

We noted the value of the triple-blinded study. So how can these three scenarios
above be detected if the patient, the treating physician, and even the sponsoring
company do not know the results by group until the conclusion of the study. The
answer is a Data Monitoring Committee (DMC). This group has no involvement in
the day-to-day activities of the study but is tasked to periodically review interim
results to ensure the study is still ethical to continue. Sometimes called by other
names — e.g., Data Safety Monitoring Board (DSMB) — the use of DMCs in increas-
ing to ensure that patient interests (patients on the study as well and prospective
patients) are upheld.

This book will discuss the DMC process in detail — who is on the DMC, how the
DMC operates, what type of information the DMC gets to make recommendations,
what considerations the DMC makes as they form recommendations. Hopefully,
this will help if you are a new or even an experienced DMC member, a member of
a sponsoring company that has a DMC overseeing one of your studies, or from an
outside organization that is facilitating the DMC’s efforts.

And hopefully you find this aspect of clinical trials as engaging as we, the
authors, do. Every study has a universe of possibilities before it as it gets started.
Watching data from the study evolve in a unique way for each study and observing



4 D. Kerr and N. K. Rawat

how DMCs uniquely react to that data mean that there really is no such thing as a
‘typical’ or ‘boring” DMC. Hopefully, this book will be your guide to the philoso-
phy for DMCs and the success of studies and protection of patients.



What Is a DMC? )

Check for
updates

David Kerr and Nand Kishore Rawat

Abstract This chapter provides the high-level overview of the key responsibilities
of the DMC to the study. Additional thoughts are provided about how DMC recom-
mendations are formed — the ethical considerations so that the DMC recommenda-
tions can provide benefits to the current patients, the potential patients, the larger
patient population, the clinical community as well as the organization sponsoring
the study.

Keywords Data Monitoring Committee (DM) - Statistical Data Analysis Center
(SDAC) - Recommendations - Safety - Toxicity - Efficacy - Futility - Study
integrity - Ethics - Charter - Risk-benefit

A Data Monitoring Committee (DMC) is a group of independent experts who peri-
odically receive (generally) by-arm outputs, created (generally) by an independent
Statistical Data Analysis Center (SDAC) using interim data from ongoing study or
studies, so that the DMC can make recommendations about the continuation of the
study or studies, based on their best judgment, and sometimes specified guidelines.

The DMC will make recommendations to the sponsor, and the ultimate decision
on these recommendations will be up to the sponsor.

The DMC'’s recommendations will (generally) consider aspects of safety, effi-
cacy, and study integrity. Overarching on all of these is ethical considerations. If the
new treatment is excessively toxic compared to the comparator, then the DMC may
feel ethically compelled to recommend changes to the study conduct — possibly to
recommend stopping treatment or enrollment in the study — to protect current and
potential participants. And if the new treatment is so overwhelmingly efficacious,
then the DMC may feel ethically compelled to not continue treatment and
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enrollment on an inferior option. And if the new treatment is unlikely to demon-
strate expected superiority, the DMC may feel ethically compelled to declare futility
and not waste the time and good intentions of current and potential participants. The
DMC will also review study integrity — if the study is unlikely to produce an inter-
pretable result or produce a result within a reasonable period of time, then the DMC
may feel ethically compelled to recommend action.

The DMC is focused on patients, but there is also value to the sponsor. The DMC
assessment of futility can lead to savings of millions of dollars when studies are
stopped early when there is virtually no chance of a statistically significant result at
the end. The DMC is also another external body to help ensure that study is on track
to yield interpretable results in a reasonable period of time — that enrollment and/or
event accrual are on track, and that data collection and adherence to the clinical trial
protocol (the document that specifies the clinical trial’s procedures) track with
expectations.

The DMC should primarily consider the ethics of the continued treatment of
participants in the study. The DMC will also want to consider the ethics of enrollment
of potential participants. But less commonly considered is that the DMC considers
the ethics of the entire patient population and clinical community. Consider if a
treatment is already approved, but a safety signal emerges during a study. How long
should the DMC let the safety signal develop so that, if true, results are convincing
to a community that is already widely using the treatment? Or what if efficacy has
been demonstrated before the study is complete, but worrisome safety concerns
have also emerged but are not yet definitive. Should the DMC continue to recom-
mend the study to continue in order to gain more clarity on the possible safety
issues, or recommend the study stop early for efficacy but leaving unanswered ques-
tions about safety?

Theoretic examples like the above show the value that an experienced DMC —
armed with a clearly written DMC charter that describes the DMC responsibilities
and process — and working with an experienced SDAC to provide them with materi-
als will help ensure the ethical oversight of the safety, efficacy, and integrity for the
study. Current and potential participants in the study may not be aware of the DMC
activities or that a DMC even exists, but they will be the beneficiaries of the DMC’s
oversight.



Is a DMC Required? What Other Groups
Are Involved?

Check for
updates

David Kerr and Nand Kishore Rawat

Abstract This chapter discusses when a DMC is recommended to be used, and
reviews the other groups involved with the clinical trial that perform complemen-
tary activities to help the DMC. Regulatory guidance is provided for when DMC
should be considered. The DMC has a special place in review of study oversight.
However, many other groups also play roles. This chapter will distinguish the roles
of those groups and how they are different from what the DMC does. Differences in
DMC process for open-label and single-arm studies (typically Phase 1 and Phase 2
studies) are highlighted, contrasting from randomized blinded controlled studies
(typically Phase 3 studies).

Keywords Food and Drug Administration (FDA) - Regulatory agency - Contract
Research Organization (CRO) - Principal Investigator (PI) - Institutional Review
Board (IRB) - Steering Committee - Event Adjudication Committee (EAC) -
Blinded Independent Central Review (BICR) - Safety Assessment Committee
(SAC) - Double-blind/triple-blind study - Single-arm study - Open-label study -
Phase 1/2/3 study - Confirmatory study - Hypothesis-generating study

The Food and Drug Administration (FDA) guidance (FDA 2006) [1] states that
sponsors of clinical trials consider using a DMC when:

e “The study endpoint is such that a highly favorable or unfavorable result, or even
a finding of futility, at an interim analysis might ethically require termination of
the study before its planned completion;

e There are a priori reasons for a particular safety concern, as, for example, if the
procedure for administering the treatment is particularly invasive;
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e There is prior information suggesting the possibility of serious toxicity with the
study treatment;

e The study is being performed in a potentially fragile population such as children,
pregnant women or the very elderly, or other vulnerable populations, such as
those who are terminally ill or of diminished mental capacity;

* The study is being performed in a population at elevated risk of death or other
serious outcomes, even when the study objective addresses a lesser endpoint;

e The study is large, of long duration, and multi-center”.

The DMC is typically the only group that will review results summarized by
treatment arm (in randomized studies) to provide an assessment of risk-benefit in an
ongoing basis throughout the study. The SDAC will provide these materials to the
DMC and facilitate their deliberations. And the sponsor of the study is in charge of
operational aspects of the study — perhaps with the assistance of vendors typically
known as Contract Research Organizations (CROs). The sponsor or CRO will pro-
vide a Medical Monitor to review overall safety data from the study. However, there
are many other groups involved.

Sites will typically be responsible for recruiting subjects, scheduling visits, col-
lecting data, accurately and quickly entering data into the appropriate database, and
following up on requested queries. The site’s Principal Investigator (PI) will be
responsible for the clinical management of the individual subjects under her or
his care.

Institutional Review Boards (IRBs) have a responsibility that initially seems
similar to the DMC but is very different in practice. The IRBs will ensure that the
site(s) overseen by the IRB conduct research that protects the rights and welfare of
the subjects in the study. IRBs may receive data from the study during the course of
the study but, importantly, typically would not see by-arm results from studies that
are randomized.

Steering committees are groups that comprise study leadership. They may be
fully academic or a mix with representatives from the sponsor. Steering committees
would not typically be provided detailed by-arm information during the study,
although they might receive the top-line DMC recommendations.

Event assessment/adjudication committees are specialized groups — typically for
reviewing endpoint data or key safety data. Names include Event Adjudication
Committee (EAC) and Blinded Independent Central Review (BICR). EACs are
commonly seen in cardiology studies. Examples would be a group of cardiologists
reviewing cardiac events and deaths to determine if the event meets the strict defini-
tion of MACE (major adverse cardiac event), e.g., cardiovascular death, myocardial
infarction, stroke, and hospitalization because of unstable angina. BICRs are com-
monly seen in oncology studies to evaluate if a patient’s disease has progressed
using standard definitions.

These EAC and BICR committees typically do not have access to treatment
information — which is especially important in an open-label study (study is not
blinded) where others involved in the day-to-day activity may know the treatment.
These committees can provide a blinded assessment without being consciously or
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subconsciously impacted by that knowledge. The data arising from these commit-
tees can be key to the DMC work, especially for formal interim analyses to judge
efficacy and/or futility — and for these reviews, the DMC will require that data from
these committees are timely and current. DMCs may assess expected vs. actual
metrics of timeliness of these external review committees.

The FDA within the United States and global regulatory agencies outside the
United States will not typically be involved with the DMC process during the course
of the study. These regulatory agencies may request DMC materials (statistical out-
puts, meeting minutes) at the conclusion of the study. But only rarely is there regula-
tory interaction with the DMC during the course of the study. Regulatory agencies
and IRBs assume that the DMC is the one group involved that will protect patients
during the study by using their complete access to the data, including by-arm results.

Some sponsors will form internal Safety Assessments Committees (SACs) to
determine if any important adverse events are occurring at a higher rate than
expected across an entire program of studies. Their data may include not just
completed data that they have full access to, but also selected data from ongoing
(possibly blinded) studies. The DMC, or perhaps just the SDAC working on the
study, may provide select data (e.g., by-arm results from a small number of different
types of adverse events, either specifically requested or those that meet specified
statistical criteria) from ongoing studies.

Most of this book will make the presumption that the study being reviewed by
the DMC is a triple-blind (neither the patient nor the personnel at the site nor spon-
sor knows what treatment the subject is on) randomized study. However, DMC:s still
have a value for randomized open-label studies or other studies where there is a
single arm or no randomization.

For example, in a randomized open-label study, typically the sponsor teams will
intentionally not summarize by-arm results internally during the course of the study.
The sponsor teams (or, at least, a subset of the sponsor team) are typically aware of
the individual assignments (although some datasets which reveal treatment infor-
mation might be kept confidential from some team members). The DMC still has
the role of reviewing by-arm results to provide guidance on the study. If the open-
label study has by-arm results known to the full study team, there still have been
DMCs enacted. The rationale for having a DMC in place is that there is value in
having an independent group assess the by-arm differences. One might accuse a
review done only by the sponsor of the by-arm results of minimizing the importance
of some excess safety risk on the active arm, for example. Similarly in a single-arm
study, the study team likely has full information (although there have been examples
where the study team remained firewalled away from the primary endpoint) and the
DMC reviews the same safety data as the study team. Again, having the indepen-
dence of the DMC in assessing the study data is valuable.

Decades ago, DMCs were most commonly employed for very large cardiology
studies. But now DMCs appear most frequently in oncology studies. But likely
every therapeutic area and every phase of clinical development have used DMCs at
this point. DMCs are most commonly seen in Phase 3 studies (large confirmatory
trials), but certainly DMCs are used for Phase 2 studies (mid-size
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hypothesis-generating trials) — including seamless Phase 2/3 studies where the
DMC might be a critical party in the transition process from Phase 2 to Phase 3 —
and Phase 1 studies (small first-in-human trials). In Phase 1 studies, the DMC may
prove to be the independent voice to concur or disagree on dose-limiting toxicity
(DLT) assessments that dictate dose escalation or be asked to recommend if the next
dose cohort should be initiated. In Phase 2 studies, the DMC might review different
dose arms and either follow an algorithm or use best judgment to recommend add-
ing or removing a dose group from future enrollment.
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Who Is on the DMC?

David Kerr and Nand Kishore Rawat

Abstract This chapter lists the qualifications for DMC members as well as quo-
rum, voting, and duration of service. The DMC should include membership that is
independent of the sponsor with a range of expertise (both clinical and statistical)
and a range of experience on previous DMCs. Other considerations for qualifica-
tions are presented. The DMC size and duration of service and process for member
replacement are discussed as well.

Keywords Clinician/clinical member - Statistician/statistical member - Voting
member - Non-voting member - Member replacement - DMC Chair - DMC size -
DMC duration - Quorum - Voting - Consensus - Independence - Qualifications

The DMC will include members who, collectively, have experience in the treatment
of subjects with the disease or condition under investigation and in the conduct and
monitoring of randomized clinical trials.

The majority of the DMC members will likely be clinicians. Among the clini-
cians, most will be directly involved in the treatment of the disease under investiga-
tion. However, clinicians from other areas may also be members. For example, if
there is an expected side effect, then clinicians from those disease areas might be
members. An example would be that in a study of diabetes there might be concern
about the cardiovascular side effect of the new treatment and therefore would
include both endocrinologists and cardiologists. Similarly, there might be concern
about the new treatment inhibiting the body’s ability to fight off infections, and an
infectious disease expert might be invited, or concerns about hepatotoxicity might
warrant including a hepatologist. A pharmacokinetic (PK) expert has been seen on
a DMC where the DMC had to make a recommendation based on interpretation of
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that data of levels of drug in the body. The clinicians preferably have previously
been investigators on clinical trials and understand the process of clinical trials. The
assumption here is that all these clinicians will be receiving the DMC outputs and
attending every meeting and participating in discussion. However occasionally,
these are consultants (only brought in as needed by the core DMC and perhaps — or
perhaps not — receiving the DMC outputs), and occasionally, they are on the DMC
(attending all meetings and receiving the DMC outputs) but as non-voting members.
The DMC Charter should state if all members are voting members or not.

Some have advocated for ethicists or patient advocates to be represented on the
DMC. In truth, their presence on DMCs is extremely rare in current DMCs, and
their lack of participation does not seem to have been detrimental.

It is standard that at least one DMC member is a statistician. This is true even if
there is no formal interim analysis for efficacy and/or futility and is even generally
true if the study is single-arm without any by-arm comparisons. The DMC statisti-
cian typically brings the perspective of looking at data at a high level, rather than
focusing on individual patients. The best functioning DMCs have all DMC mem-
bers collaborate — the clinicians and statisticians all bringing their knowledge
together. If the study involves a non-standard interim analysis procedure, there is
value that the DMC statistician is familiar with it.

Many DMC members work in academia. Some work at non-profits, or hospitals
or CROs or are independently employed. Some are retired. As long as there is no
conflict of interest (as discussed in chapter “What Are the Legal and Financial
Aspects of a DMC?”), it should not matter. One aspect that is important is that the
DMC member has the flexibility in their schedules. DMC service is not generally
too time-consuming (perhaps taking about 20 h per year). But there can be DMCs
that are more intense. And there can situations that need quick response, or to be
available for ad hoc meetings with just a week of notice. Potential DMC members
who are too busy to support that level of commitment may not be suitable, even if
their professional qualifications are otherwise perfect.

The presumption throughout the rest of this book is that DMC members are inde-
pendent (external) of the sponsor — and that there is minimal and acceptable poten-
tial significant conflict of interest. However, there have been DMCs formed that
consist wholly of employees from the sponsor (although typically not involved in
the day-to-day operations of the study and instructed not to discuss any confidential
DMC materials), or a hybrid model that includes DMC members that are both exter-
nal and internal to the sponsor. These models would typically be seen in Phase 1 or
in open-label early Phase 2 studies. A DMC composed of purely independent (exter-
nal) DMC members is preferred, but the context of the study may allow some or all
of DMC members to be sponsor employees.

Most of the DMC members should have served on DMCs previously. But not all
need to (or should) have been on many DMCs. There is value in having a range of
expertise with DMCs. There will always be a need for DMC members, and it’s in
the best interests of everyone involved with clinical trials to make sure that new
members are welcomed so that they gain experience and can play the part of senior
DMC members once the current generation retires from participation in DMCs. At
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the moment, there is no well-established central certification program or repository
of ‘qualified” DMC members. Sponsors and SDACs typically look for potential
members for a new DMC by working with the same people they have previously or
hearing about potential members by word of mouth from asking colleagues within
and outside their organizations. But encouragement should be made to bring new
clinicians and statisticians in to become DMC members — especially if they repre-
sent previously under-represented minority groups.

It is worth considering bringing on a non-voting DMC member who has never
served on a DMC to observe and perhaps participate as a voting DMC member for
the subsequent studies from the sponsor. This member would receive all the same
materials as the other DMC members but would not necessarily be paid and not
actively participate in the DMC discussions. Training programs and courses have
been considered for new and novice DMC members, but there is no formal certifi-
cate program at this time.

In global trials, it would be reasonable to attempt to get DMC members who at
minimum are not all from the same country or geographic region. Getting a wider
global representation will help the DMC as a whole appreciate what the standard of
care and other considerations would be for those patient populations under investi-
gation. It’s presumptuous to have a DMC fully based in the United States, for exam-
ple, for a study that has a relatively large percentage of subjects enrolled in Europe
or Asia. This may make scheduling of meetings more challenging, but the benefits
likely exceed the logistical issues.

One DMC member will be designated as the Chair. This member will help lead
discussion (keeping discussion focused) and form consensus and make sure all
voices are heard. The DMC Chair will sign the recommendations and minutes after
the meeting. The DMC Chair may be involved in other activities as specified in the
DMC Charter (e.g., review periodic safety events and decide if any further wider
dissemination to the full DMC is needed). The DMC Chair can be the DMC
Statistician. The DMC Chair would typically be the member who has served on the
most DMCs previously.

The number of DMC members is variable, depending on the complexity of the
study (or studies, if program-wide DMC), side effects, etc. The minimum number is
3. DMCs have gone up to eight members, in the experience of the authors. The
complexity of scheduling meetings increases with the number of members, and the
ability of each to actively participate in discussion similarly decreases.

Quorum will be based partially on the number of DMC members. Of course, it is
preferable that all DMC members attend. But as the number increases, there is an
increased chance that one or more members are not able to attend — sometimes
known in advance and sometimes only known at the time of the meeting. A general
approach for quorum would be to divide the number of members by two and round
to the next highest number — for example, for 3 DMC members quorum would be 2,
for 4 quorum would be 3, for 5 quorum would be 3, for 6 quorum would be 4.
Typically, the DMC Chair has to attend to form quorum. The DMC statistician
might have to attend to form quorum, especially if the meeting is for a formal
interim analysis. That being said, if a meeting is about to take place and the DMC
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Chair suddenly become unavailable, but sufficient numbers of DMC members are
available, there have been examples where the meeting continues with an ‘Acting
DMC Chair’, with subsequent follow-up done with the DMC Chair. This approach
better serves the clinical study rather than delaying the meeting for weeks or a
month while trying to reschedule for a meeting time that works for everyone.

The DMC Charter may discuss voting, but a well-functioning DMC would rarely
need to actively vote. The DMC Chair hopefully can find a consensus that all DMC
members can agree to. However, voting rules are put into place in the DMC Charter
in case that is not possible. Some have advocated that there should not be an even
number of DMC members to prevent split votes. That generally is not an issue and
should not prevent any DMCs from being an even number of members. The DMC
Charter can specify that the DMC Chair has the deciding vote in the event of a split
vote. The voting might be different depending on the scenario. For example, two out
of four might be needed to recommend stopping for safety concerns, but three out
of four might be needed to recommend to stop for overwhelming benefit.

If a DMC member can no longer continue, the Sponsor is responsible for select-
ing his or her replacement. A DMC member will sometimes resign independently —
for example, they have new potential conflict of interest, they become too busy to
serve, they have a fundamental disagreement with the sponsor on how the DMC
activities will be conducted. Sometimes, the sponsor will ask (or force) a DMC
member to resign — they have missed multiple meetings or been nonresponsive, for
example. Occasionally, a DMC member will pass away during the course of the
study. Depending on the size of the DMC membership and stage of the study, there
could be a need for a replacement or not. The DMC Charter will generally have a
section about the process for DMC member replacement.

The duration of the DMC service should be stated in the DMC Charter. For a
typical double-blind study, the DMC will serve until the study is locked and
unblinded — although the DMC might still informally be involved and discuss the
top-line results with the sponsor after that time. Studies that have co-primary end-
points at different timepoints or that have open-label extensions require more
thought on when the DMC duration is complete.

For example, in an oncology study with co-primary endpoints where final results
in progression-free survival (PES) will happen earlier (due to quicker accrual of
events and larger expected treatment effect) than final overall survival (OS) results,
there can be discussion about how widely exposed the final PFS results will be
within the sponsor, and how to maintain study integrity as the study continues on to
collect information on the needed number of deaths. In some situations, the PFS
results will be kept to a small number of people at the sponsor, and the DMC will
remain in service as the study continues to accrue deaths. Or perhaps to protect
study integrity nobody at the sponsor would get access to PFS results and, instead,
the DMC would quietly provide the PFS results to agreed-upon personnel at regula-
tory authorities. A variety of approaches have been seen on whether and how the
DMC continues operating once the necessary number of PES events have been
accrued.



Who Is on the DMC? 15

And in a study where subjects move to open-label treatment after a period of
time on randomized treatment, there should be discussion whether the DMC contin-
ues to monitor the study once all subjects have transitioned from randomized treat-
ment to the open-label treatment, or whether the continued monitoring of safety for
these patients can be conducted within the Sponsor.
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David Kerr and Nand Kishore Rawat

Abstract This chapter covers legal aspects, primarily regarding conflict of interest
since DMC members should be independent oversight. The start-up activities
leading up to having a fully contracted DMC member are discussed. Indemnification
is reviewed to ensure DMC members are indemnified by the sponsor, and not
the reverse. A detailed review of the different types of conflict of interest (not just
financial) is provided. Approaches on DMC member payment are also shown.

Keywords Non-disclosure Agreement (NDA) - Debarment - Contract -
Indemnification - Conflict of Interest (Col) - Independence - Payment

A typical process after identifying potential members is to reach out to potential
members and have a Non-Disclosure Agreement (NDA) completed. Once that is
done, additional information on the specific study and DMC scope can be provided.
If the potential member is interested, contracting efforts can begin. A debarment
check of the clinical members is typically conducted. Clinical members do not nec-
essarily have to have an active medical license or be seeing patients (especially if
retired). But one would not want a debarred clinical member serving on the DMC.
A contract is put into place with each DMC member. Most commonly, the con-
tract of the DMC member is with the sponsor company. Sometimes, the contract is
between the DMC member and the SDAC. Generally, the contract should be with
the organization that is coordinating the payment. The DMC member’s might sign
off on the contract as an individual (perhaps as a one-person LLC or similar), or the
DMC member might coordinate the contract with the DMC member’s institution,
sending for review by the institution’s legal department. There can be delays when
a DMC member’s institution gets involved. The goal would be that the full DMC is
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fully contracted well in advance of the first patient being enrolled so that the DMC
Kick-Off meeting and finalization of the DMC Charter can also take place prior to
the first patient being enrolled. The language in DMC member contract should not
be the usual ones used for site investigators and others who are helping to develop
the product. The contracts should clearly note the DMC is an independent scientist
not beholden to the interests of the sponsor, but rather to the patients and clinical
community.

DMC members are encouraged to ensure that language is put into their contracts
that have the DMC member indemnified by the company and not vice versa. There
are not many cases of DMC members having legal action brought, but it is easy to
imagine situations where shareholders or families of patients would have expected
a different DMC recommendation and bring legal action against the DMC. In such
a case, the DMC member should expect to have access to the legal resources of the
sponsor, rather than needing to pay for lawyers out of his or her own pocket. Sample
language for DMC member contracts is provided in a paper by DeMets et al.
(2004) [2].

A key aspect of the contract effort is assessment of Conflict of Interest (Col).
This is most commonly thought of as financial but can expand into many other
domains. It is critical to determine if there is potential significant Col, not only at
the contracting stage, but periodically (e.g., annually, or at the time of each meeting)
throughout the DMC duration. The DMC members must be considered as indepen-
dent assessors of the data. Those with significant Col should not serve as DMC
members. Generally, it is up to the DMC members (potential or current) to self-
report potential significant Col. The sponsor and/or fellow DMC member will
assess the disclosure to determine if the potential Col would impede objectivity and
thus preclude membership on the DMC. The DMC member contract and DMC
Charter likely will include language about identifying and disclosing new potential
significant Col. This independence should be both the actual independence of the
DMC member, but also the appearance of independence. A reasonable and informed
third party who has knowledge of the relevant information, including the safeguards
applied, should reasonably be able to conclude that the integrity, objectivity, and
professional skepticism of the DMC member are intact.

Col is not just from personal financial review. It could be financial — but for the
DMC:s institution. It could be emotional — the DMC member has close friends or
relatives at the sponsor or has close friends or family with the condition under
review. It could be intellectual — the DMC member has spent their career advocating
for one therapeutic approach, and this new study could discredit that approach or is
advocating a different therapeutic approach than is being studied. The potential
threats to independence, as adapted from resources provided by American Institute
of Certified Public Accountants (AICPA 2022) [3], include:

Adverse interest — DMC member interest opposed to sponsor interest.
Advocacy — DMC will unduly promote sponsor interest.

Familiarity — DMC member has long or close relationship with sponsor.
Management participation — DMC member has role in management of study.
Self-interest — DMC member could benefit from sponsor success (or failure).
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Self-review — DMC member will not properly assess or disclose conflicts.
Undue influence — DMC member will not use judgment due to threats or promises
from sponsor.

Potential DMC members earn that qualification by being experienced in clinical
trials and having served on other DMCs and served in leadership positions on other
clinical trials and working with other sponsors or perhaps even the sponsor of the
clinical trial previously. These in themselves do not necessarily represent significant
Col. Previous consulting work with the sponsor in a limited fashion or ongoing
DMCs with the sponsor or competitors likely does not represent significant
Col either.

When evaluating Col, think about the likelihood of compromising independence,
the extent to which this would be detectable, and the impact on the subjects and
results. Some significant Col would include having the DMC member or a spouse
or other close relative work at the sponsor or a close competitor or having a leader-
ship role on the study or a closely related study from the sponsor or a close competi-
tor. Generally being on the DMC from other studies from the sponsor or a close
competitor is not an issue — although the DMC member must remember to maintain
confidentiality of results to only the specific DMCs reviewing each study. Substantial
consulting efforts with the sponsor or a close competitor on studies in the therapeu-
tic area once the study has begun likely would be considered significant Col. It can
be awkward if the DMC member’s institution is an active site even if the DMC
member is not the site investigator — there are financial considerations (the DMC
member might be accused of having the study go longer since a longer study brings
in more revenue to the institution) and there is an issue that the DMC member might
be asked to serve as the back-up to treat enrolled subjects at the site, after having
been exposed to interim results.

DMC members do not serve pro bono, as they generally are paid ‘fair market
rates’. Payment should be sufficient to encourage qualified DMC members to serve,
but not so much to appear influential. Different members may be paid different
amounts — based on being the Chair, or previous DMC experience, or other factors.
The decision will need to be made early on whether to pay a flat rate per meeting or
pay hourly. Flat-rate payment is easier to handle logistically, although there may be
discussion needed on how to handle ad hoc effort during the course of the study that
doesn’t naturally fall into a meeting payment. And having the same payment regard-
less of amount of time spent could be seen as encouraging cursory review.
Conversely, having an hourly payment adds an extra level of logistics, and it might —
for better or worse — encourage excessive review of the materials and correspond-
ingly high number of hours billed. In either case — flat rate or hourly — provisions
will need to be made on how to bill for ad hoc meetings, particularly those that are
‘invisible’ to the sponsor. A typical expectation would be that the time spent for a
data review meeting would be about 5-10 h — about 2—4 h in advance to review
previous minutes and the open and closed materials, about 2—4 h at the meeting
itself, and then 1-2 h after the meeting to review minutes and any post-meeting
follow-up and responses to action items.
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How Does the DMC Work with SDAC
and Sponsor and External Groups?

David Kerr and Nand Kishore Rawat

Abstract This chapter delineates the key interactions between the DMC, the spon-
sor of the study, and the group facilitating the DMC activities (SDAC). The respon-
sibilities and interactions for each of the six directed pathways of these three groups
are provided in detail. The concept of the Sponsor Liaison is introduced, with more
about the specifics of how DMC recommendations are communicated and with
follow-up discussion if needed. The reporting statistician from the SDAC also has
important responsibilities that are outlined.

Keywords DMC Charter - Sponsor - SDAC - Recommendations - Responsibilities
- Stewardship - Independent statistician - Ad hoc DMC requests - Logistics - Open/
Closed Minutes - Open/Closed Reports - Open/Closed Meetings - Interactions -
Sponsor Liaison

The DMC Charter is a critical document and required for every DMC. It provides
the framework for how the DMC will operate and how the sponsor, SDAC, and the
DMC will interact. It specifies the charge to the DMC. The Charter should provide
proper guidance to the DMC without being overly detailed or restrictive. The DMC
Charter can be based on SDAC’s template, or a template provided by the sponsor.
The sponsor and SDAC should agree to the final draft of the Charter before it is
presented to the DMC. The DMC Charter should include guidance to the DMC on
what recommendations the sponsor would like to receive. But the DMC Charter
should not include details from the protocol that may change via protocol
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amendment or names of individual sponsor team members (instead list the role and
include the name in an appendix) or restrictions on what recommendations the
DMC may make. The DMC Charter is typically signed by all DMC members (at
minimum the DMC Chair) and may also be signed by representatives of the SDAC
and sponsor. The DMC may include appendices such as a template DMC recom-
mendation form, a list of sponsor team members along with their role and contact
information, and proposed table of contents for Open Report and Closed Report.
These appendices may be updated without requiring full re-signing of the DMC
Charter.
The sponsor has responsibilities:

* Recognize the DMC as being responsible for the stewardship of the trial and
being independent.

e Advise and educate the DMC and SDAC on past and present scientific, clinical,
and statistical issues concerning the study and new treatment.

» Take responsibility for determining response to external information — for exam-
ple, protocol amendment, updated Informed Consent Form (ICF) — DMC
response could be seen as biased once unblinded to interim data.

e Promptly provide any relevant updates (e.g., amended protocols).

e Promptly respond to DMC recommendations and follow-through on any
commitments.

The SDAC has responsibilities:

* Prepare and distribute DMC reports that are useful to the DMC.

e Have independent statistician attend the meetings and present the report to
the DMC.

» Have general clinical trials expertise as well as expertise with DMCs and specific
knowledge of the study protocol and DMC Charter.

* Have knowledge of the data and the programs used to the create the outputs.

e Provide DMC with technical support and have flexibility to respond to ad hoc
DMC requests (perhaps without sponsor knowledge).

* Provide logistical assistance if requested: meeting scheduling, drafting meeting
minutes, contracting, and reimbursement.

There is a triangle of responsibility for the DMC functioning smoothly — with the
DMC, the sponsor, and the SDAC at the points of the triangle. A simplified diagram
is shown in Fig. 1.

SDAC — DMC interactions — The SDAC will provide materials to the DMC as
agreed on by the DMC Charter and previous DMC requests. The SDAC may be
involved in scheduling efforts and help with meeting logistics and providing draft of
the post-meeting documentation to the DMC. The SDAC will assist the DMC with
the meeting, providing additional information during the meeting itself of after.

DMC — SDAC interaction — The DMC will request additional material if
needed. The DMC will provide comments on post-meeting documentation, and the
DMC Chair will provide signature. The DMC should be prompt in replying to que-
ries about scheduling and other meeting logistics.
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Fig. 1 Communication pathways

Sponsor — SDAC interaction — The sponsor (or designated CRO, as coordinated
by the sponsor) is responsible for providing data to the SDAC. Open Sessions of
DMC meetings will be primarily led by the sponsor team and slides provided to the
SDAC in advance to pass along to the DMC. Confidential data (primarily the ran-
domization data) will be sent to the SDAC appropriately. The sponsor may be aware
of that transfer taking place but would not be directly involved.

SDAC — Sponsor interaction — The SDAC (if creating the DMC outputs) will
typically provide drafts to the sponsor for review — either with fake randomization
or with the open (Total-only) outputs. The SDAC will collaborate with the sponsor
on scheduling of meetings. Draft agenda and Open Session minutes will be pro-
vided. Timelines for data transfers in advance of each meeting will be discussed.

DMC — Sponsor interaction — There should be very little interaction from the
DMC to the sponsor once DMC activities have begun. The final Open Session min-
utes will go to the sponsor, but usually via the SDAC. DMC members may contact
outsourcing personnel with the sponsor after meetings for invoicing activities, if the
sponsor holds the DMC member contracts. But it is generally ill-advised to have
DMC members interacting with the general sponsor team outside of formal DMC
meetings and documentation because of the elevated risk of actual or perceived
unblinding or impact on trial integrity. The DMC Chair may occasionally interact
directly with the designated Sponsor Liaison (the individual outside of the study
team who will receive and respond to DMC recommendations), but many times that
action is facilitated by the SDAC.

Sponsor — DMC interaction — There should be no interaction from the sponsor
team directly to the DMC after DMC activities have begun. Communication should
be done via the SDAC. This removes the chance of a ‘reply all’ email where a DMC
member divulges confidential information, for example. Updates such as protocol
amendments, Open Session materials, and enrollment updates can be sent to the
DMC via the SDAC.

As seen in the diagram above, it is not the expectation for the DMC to interact
outside of the SDAC or Sponsor Liaison. The sponsor (via the Sponsor Liaison)
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may provide the top-line DMC recommendations to sites or IRBs after each meet-
ing. The sponsor regulatory group may serve as the middleman if the FDA insists on
receiving some material the DMC reviewed. However, on rare occasions, the DMC
has been asked to talk directly with regulatory agency representatives and has
agreed to do so. And sometimes DMCs overseeing the same treatment have been
enabled to have discussion between the two DMCs — sometimes just trading min-
utes with each other after meetings, and sometimes having the DMC Chairs have a
quick chat after meetings. This enables a look for consistency of safety signals —
similar to an ad hoc meta-analysis of the combined studies reviewed by the DMCs.

The section above references a Sponsor Liaison as the recipient of the DMC
recommendations. That is the typical approach, where the Sponsor Liaison is an
individual not involved with day-to-day study activity with decision-making author-
ity for the trial or who can forward DMC recommendations to those with decision-
making authority. There are variations on this. The Sponsor Liaison might be
different for recommendations coming from formal Interim Analysis reviews, as
compared to standard data review meetings. The recommendations might go to a
senior executive committee within the sponsor (perhaps sent directly to that com-
mittee’s chair for simplicity). Some studies (most commonly in cardiology) have an
executive committee comprised of academic study leadership outside of the sponsor
that leads study decision-making. The recommendations in such situations would
be sent to the chair of that executive committee. In smaller companies, everyone at
the company might be directly involved with the one study under review, and there-
fore, the Sponsor Liaison would be the Chief Medical Officer (CMO) or Medical
Monitor, acknowledging that this individual does still have day-to-day interaction
with the study.
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Abstract This chapter talks about the different types of DMC meetings, and what
types of sessions and discussion will exist for each of these types of DMC meetings.
This includes DMC kick-off meeting, data review meeting (as well as interim analy-
sis meetings), top-line meetings, and ad hoc meetings. The sessions within a meet-
ing are covered: standard open and closed sessions, recap sessions, and executive
sessions. Considerations for meeting format, length, and frequency are provided.

Keywords Open Session - Closed Session - Recap Session - Executive Session -
Kick-off meeting/Organizational meeting - Data review meeting - Top-line review
meeting - Interim analysis meeting - Silent meeting - Ad hoc meeting - Table,
listings, and figures (TLFs) - Action Items - Meeting format - Meeting length -
Meeting frequency

There are quite a few reasons that the Data Monitoring Committee (DMC) will
meet — with varying attendees and meeting formats based on the purpose of the
meeting.

DMC Meetings are usually broken down into several meeting sessions, which
can be categorized as either Open or Closed. A typical DMC data review meeting
would be an Open Session followed by a Closed Session.

The Open Session will be attended by the DMC, Statistical Data Analysis Center
(SDAC), and the study team. In the Open Session, only blinded materials are appro-
priate for discussion. The purpose of the Open Session is to share any relevant regu-
latory updates, study status, and topics of interest with the DMC.

D. Kerr
Seattle, WA, USA
e-mail: david.kerr@cytel.com

N. K. Rawat (P<))
Lantheus, King of Prussia, PA, USA

© The Author(s), under exclusive license to Springer Nature 25
Switzerland AG 2023

N. K. Rawat, D. Kerr (eds.), Data Monitoring Committees (DMCs),
https://doi.org/10.1007/978-3-031-28760-2_7


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-28760-2_7&domain=pdf
https://doi.org/10.1007/978-3-031-28760-2_7
mailto:david.kerr@cytel.com

26 D. Kerr and N. K. Rawat

The Closed Session will be attended by the DMC and the SDAC. Unblinded
materials should be discussed in this session. The purpose of the Closed Session is
to discuss the by-arm results and determine a recommendation for the study.

Another type of meeting session that can occur is a Recap Session. If this occurs,
it is typically after the Closed Session and is an opportunity for the study team (or a
subset, or other designated individuals) to quickly hear the DMC’s recommenda-
tion. There is an appeal to having this immediate response provided to the study
team. However, it is generally advised against this session due to the elevated risk
of unblinding. In a Recap Session, no unblinded or by-arm discussion should occur
beyond the bare necessity contained in the DMC recommendation. The safer
approach is to have communications after the Closed Session be in writing with the
Sponsor Liaison, although sometimes a one-on-one telephone call is quickly made
between the DMC Chair and the Sponsor Liaison to expedite communication of the
DMC recommendation.

Sometimes permitted in the DMC Charter, but rarely employed, would be a
DMC Executive Session, which would be held without the presence of the
SDAC. That would be primarily if the DMC has issues with the SDAC performance.
In this case, minutes would have to be taken by the DMC Chair.

The first meeting where the DMC members will meet one another and the spon-
sor and the SDAC is at the Kick-Off Meeting. After that, there will be periodic data
review meetings that occur throughout the study. Finally, it is not uncommon to
have a top-line review meeting after the study database has locked. Other meetings
that occur during the study are formal interim analyses, silent meeting, and ad hoc
meetings.

The Kick-Off Meeting, sometimes referred to as the Organizational Meeting, is
the first formal DMC Meeting that the study team, SDAC, and the DMC Members
attend together. Only an Open Session will be expected, and no formal recommen-
dation on the continuation of the study will be made. The DMC Charter (although
perhaps not yet finalized and signed) will provide general guidance as to when this
should occur. Ideally, this Kick-Off Meeting occurs prior to the first subject being
enrolled into the study. In theory, there could be events that develop quickly in the
first few subjects that would require DMC review and so it would be wise to have
the DMC be fully constituted prior to that. The Kick-Off Meeting agenda could
include:

e Introduce all key attendees (including roles and responsibilities).

* Discuss the treatment’s mechanism of action.

* Review preclinical study results.

* Review previous clinical study results.

e Present the overall study and program design.

* Review known safety risks/Adverse Events of Special Interest (AESIs).

* Provided expected turnaround time of event adjudication/review.

* Discuss what data, if any, is completely confidential from study team (e.g., PK
data, biomarkers, adjudication results).

* Review key aspects of the protocol.
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— Inclusion/exclusion criteria.
— Summary of assessments (including assessments conducted after treatment
discontinuation).
— Statistical analysis plan, including primary and secondary endpoints.
— Formal interim analyses.
— Safety management/dose adjustment.
e Review the DMC Charter.
e Review the DMC mock Tables, Listings, and Figures (TLF) shells or, at mini-
mum, the Table of Contents (ToC) of TLFs.
e Allow Question-and-answer between the study team and DMC prior to any
unblinding data being shared.

Typically, the DMC Charter will be finalized relatively quickly after the Kick-
Off Meeting, incorporating comments made by the DMC at the meeting.

Scheduled data review meetings will account for the majority of DMC Meetings.
Sometimes, these are referred to as “Safety Review Meetings,” although it is com-
mon for non-inferential efficacy data to be included as well so that term artificially
implies that only safety data is being reviewed. Scheduled data review meetings
should have both an Open and Closed Session scheduled. These meetings will focus
on the overall risk-benefit of the study. A formal recommendation will be made at
the end of these meetings.

In the Open Session of Data Review meetings, the study status and safety updates
will be led by the study team. Topics will typically include:

* Proposed protocol updates.

* Regulatory updates.

» Status of “sister” studies.

* Response to previous action items.

* Short review of important, interesting safety events (with level of detail at DMC’s
discretion) - treatment assignment will not be included.

e Current and projected enrollment.

» Estimates of key timepoints of the study (last patient in, interim analysis, final
endpoint achieved).

e Aspects of protocol adherence (e.g., numbers of important protocol deviation,
numbers prematurely discontinued from study follow-up).

* Demographics, baseline disease characteristics, and/or stratification — are these
the patients that were anticipated to be enrolled?

DMC Open Tables, Listings, and Figures review is optional. Detailed presenta-
tions of the Open TLFs should be avoided unless specifically requested since this is
of minimal value to the DMC — much more important is the DMC reviewing these
results by-arm in the Closed Session. Questions will be shared, and attendees
reminded that both questions and answers should be blinded. A general discussion
of the next DMC Meeting date should occur, although detailed discussion will wait
for the Closed Session.
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Some in the DMC field have strongly advocated against presenting any safety or
efficacy data in the Open Session, even when presented in blinded fashion. The fear
is that knowledge about the control arm provides information about treatment effect.
For example, imagine a study with subjects randomized in equal numbers to new
treatment and standard of care. If the overall rate of neutropenia is 30%, and the
known rate of neutropenia for the standard of care is 20%, then it’s easy to deduce
that the rate of neutropenia in the new treatment is 40%. Similarly, if the 1-year
death rate for subjects with this disease using information from other sources is
20%, but only 15% of subjects that were randomized a year ago have died so far in
the study, one could infer that the 1-year death rate of subjects on the new treatment
is only 10%. However, the practical reality is that the study teams already know the
total results, and there is so much uncertainty about the true rates in the comparator
arms that any guesses made by the study teams are likely to be incorrect. The stan-
dard of care evolves, and the population enrolled in this particular study is never
quite the same as what was enrolled in previous studies.

In the Closed Session of a Data Review Meeting, the primary purpose is to
review the data, focusing on recommendations. These recommendations primarily
are based on by-arm comparisons but could also be recommendations made for
reasons beyond by-arm comparisons that have to do with study integrity. If there are
relevant previous Closed action items, they will be discussed to ensure the response
was sufficient or if more follow-up is required. A quick assessment of any new
potential Conflict of Interest may be conducted, if specified to do so in the DMC
Charter. Closed TLF review and discussion will likely be led by the SDAC if agreed
to by the DMC Chair, although the DMC Chair is ultimately responsible for ensur-
ing full review and participation of all attending DMC members. The flow of the
review is at the discretion of the DMC and primarily the DMC Chair and depends
on maturity of study and level of review done in advance. For a first or second
review, or if some of the members did not have time to adequately review in advance,
the DMC Chair or SDAC might — briefly — discuss what is included in each output
and solicit comments, particularly those that relate to potential safety or study integ-
rity concerns. Once the study is more mature and assuming all members had ade-
quate time to review in advance, the DMC Chair or SDAC might briefly point how
previously noted aspects of the report have changed, and note any new, clear imbal-
ances. The SDAC statistician can lead this, but must recognize that he or she is not
a voting member and is not a clinical expert — therefore should not editorialize, or
over or under state any differences. A useful approach is for the DMC Chair to
query all members one by one at the start of the review to solicit points of interest
that will be the focus of the review. Once all questions, comments, and findings are
discussed, the DMC will agree or vote on their formal recommendation. Given that
Action Items are recommendations as well, they should be reviewed at the end of
the Closed Session to confirm everyone’s understanding — making sure everyone
agrees “who will do what, when” for those action items. The next meeting date
should then be determined — a specific date or a window of dates or a data-driven
timepoint — which may be in line with the Open Session discussion or may be at a
different time point which can be noted as an Action Item.
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Typically, data review meetings start with an Open Session, followed by a Closed
Session. Some in the DMC community advocate for an initial Closed Session, fol-
lowed by the Open Session and a final Closed Session. This approach allows the
DMC to better prepare for the Open Session by giving themselves a chance to dis-
cuss among themselves in the initial Closed Session what questions need to be
answered by the study team in the Open Session before the DMC embarks on a
more thorough review in the final Closed Session. This approach definitely has
merit, but is unfortunately only used in a minority of DMCs.

For DMCs overseeing open-label studies where there is complete by-arm infor-
mation known to the study team (as opposed to open-label studies where a firewall
enforces that by-arm information is not available to the study team), there is no
distinct report only for the DMC eyes — everyone has access to the by-arm reports.
The Open Session is typically longer since the DMC and study team can review the
same by-arm report. There should still be a Closed Session of the DMC and SDAC —
although it typically is short.

Previously unplanned DMC Meetings or ad hoc meetings can occur for many
reasons and focus on different topics such as:

» Safety concerns — the DMC wants to monitor a safety signal closely;

* Fast enrollment — the DMC does not want to wait too long to review safety if it
could mean hundreds of individuals being enrolled between meetings;

* Previously unavailable data is now ready — radiology, efficacy, or specialty lab
data can be delayed and not available for the initial safety review;

* DMC request — the DMC previously recommended that additional data be pro-
vided prior to making a formal recommendation;

* Outside information — Recent published findings from similar clinical trials have
caused concern;

e Regulatory request — Regulatory agencies have requested the DMC review spe-
cific safety data;

e Study update — The study team would like to discuss a major study update or
change with the DMC prior to the next scheduled meeting.

The study team will be made aware of these meetings, and Open and Closed
Sessions may or may not be held based on the purpose of the meeting.

Silent meetings are DMC Meetings that the DMC has requested, and that the
study team is specifically unaware of. Silent meetings usually will occur because of
a risk-benefit concern such as:

e Data included in the standard TLFs caused concern;
* Recent published findings from similar clinical trials have caused concern;
* Regulatory agencies have requested the DMC review the safety data.

The reasons for a Silent Meeting are a subset of the reasons as to why an ad hoc
meeting may occur. It is ultimately up to the DMC if they want the study team to be
aware of the meeting or not. Only a Closed Session will be scheduled for Silent
Meetings. The DMC is always allowed to hold a Silent Meeting if they feel it is in
the best interest of the study. Obtaining data for these meetings can be challenging
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while still trying to maintain secrecy. Having a mechanism set up in advance at the
beginning of the study that allows the SDAC to quietly receive data on demand will
help preserve the secrecy of the Silent Meeting.

An interim analysis meeting is a predefined formal assessment of either efficacy
or futility, which can result in early termination or other major changes to the con-
tinuation of the study. An Open and Closed Session should be scheduled. The rec-
ommendation options likely differ from the standard recommendation form used in
safety review meetings. The Open Session should additionally focus on possible
statistical results from the analyses, and how those will translate into suggested
recommendations and next steps. (One other option is to have a brief interim analy-
sis Kick-Off Meeting a month before the actual interim analysis meeting — it could
be for the full DMC, or perhaps just the DMC Chair and DMC Statistician.) An
Interim Analysis Meeting can be combined with a normal data review meeting. It is
strongly suggested that safety data be available for the DMC to aid in their assess-
ment of benefit-risk.

Top-Line Results Meetings will occur at the end of a study. Only an Open Session
will be expected. Top-line results of primary and possibly secondary endpoints and
key safety results will be presented by the study team. This will be held after the
study database has been locked and the study team has been unblinded, and no for-
mal recommendation will be made. Usually, these are results and presentations that
the study team is preparing for an upcoming conference or summarize results that
will go into an upcoming journal article. These meetings allow the DMC to see the
final results of the study they have been watching progress over an extended period
of time, as well as let the DMC provide unblinded feedback to the study team and
explain the context of previous recommendations that they made.

DMC Members and the study team can meet for a DMC Meeting in different
formats. The two main formats of DMC Meetings are teleconference and in-person.

Having the Kick-Off meeting in person is valuable to allow for sufficient time to
let everyone thoroughly digest the material. Data review meetings, particularly
Interim analysis meetings, also can be valuable to hold in-person. A common
approach is to try to hold these in-person meetings in conjunction with scientific
sessions. However, many times, the DMC members are too busy to attend DMC
meetings during scientific sessions, even if they are all in the same city. A more suc-
cessful strategy is to meet near the airport of a centrally located city. In-person
meetings should be held in a neutral location. It would be unwise for appearance’s
sake to hold the in-person DMC meeting at a luxury location, or at the client’s
headquarters.

But most DMC:s in recent years have met purely by teleconference. The level of
confidence in teleconference meetings has risen over the past few years. Nonetheless,
there are still issues. Attendees can be more easily distracted by other activities.
There is the challenge of communicating non-verbally, although the request can be
made that DMC members activate video for the teleconferences. Teleconference
meetings could exacerbate the situation of a single loud voice dominating the dis-
cussion, or of a hesitancy of a naturally quiet or non-native English speaker to speak
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up or be understood and appreciated. Technical issues can occur despite everyone’s
best efforts, caused by an unexpectedly poor Internet connection for example.

The length of each meeting is variable, depending on the complexity and number
of studies. Kick-off meetings can last anywhere from 1 to 4 h. A typical data review
meeting held by teleconference would have a 30—45-min Open Session followed by
a 75-90-min Closed Session. However, data review meetings that cover many stud-
ies or have extra complexity could last 3—4 h (1 h Open and 2-3 h Closed). Meetings
that are expected to be over 3 h typically should be held in-person. Meetings can be
shorter if only an Open or a Closed Session is needed. For teleconference meetings,
it is important to be aware of the time zones of different DMC members and key
sponsor attendees. Preferably start times would vary so that the member farthest
away from a core group of attendees does not always bear the burden of a very early
or very late meeting.

The Charter will dictate how often the DMC is expected to meet for data review
meetings. This could be milestone based such as: “When 10 subjects have 2 cycles
of treatment,” “When 50 subjects have 3 months of follow up time,” “Six months
after the first subject is treated,” “Within 1 month of the first death.” DMCs may also
meet based on a given time interval such as: “The DMC will meet approximately
every 4 months,” or “The DMC will meet at least once every year, and up to twice a
year.” Interim analysis meetings are more precisely planned. Most studies should
expect to have a DMC data review meeting no more than 6-9 months apart. Meeting
more frequently than quarterly is typically too burdensome. Meeting less frequently
than every 9 months (even if study activities are slow) hurts because the DMC mem-
bers lose engagement with the study. The key aspect to balance between calendar
time and information time. Rapid enrollment or event accrual would warrant more
frequent meetings. Conversely, there is little value to the DMC meeting if there has
been little new data accumulated since the previous DMC meeting. It would cer-
tainly also make sense to meet more frequently early on for an intervention for
which little is known about in this patient population. Once a year or two of data has
been collected or if treatment is complete or nearly so and long-term data being col-
lected, the DMC should be able to reduce the frequency of meeting at their discre-
tion based on their knowledge of the safety profile.

If there is a situation that requires high level of frequency (as was seen in DMCs
overseeing COVID-19 studies), some review might be done off-line only requiring
teleconference if a member requests, or outputs might be abbreviated and quickly
reviewed at a standing DMC meeting (say, 2:00 PM ET on the third Thursday of
each month).
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Abstract This chapter focuses on the data that is used for the DMC review and
who is doing the programming behind the scenes for the outputs the DMC receives.
Data for DMC purposes typically needs to balance currentness vs. cleanliness. The
underlying programming of the DMC outputs can be done by the sponsor or its
CRO, or the SDAC supporting the DMC. The advantages and disadvantages of
these different approaches are listed — noting the importance that in any situation
that ad hoc requests by the DMC can be addressed confidentially if needed.

Keywords Clinical cut date - Snapshot date - Data Currentness - Data Cleanliness
- Programming approaches

The DMC Report should provide information that is accurate to the extent possible,
although not all data will be perfectly clean. Follow-up should be complete, if pos-
sible, to the “Clinical Cut Date,” which is within 6-9 weeks of the date of the DMC
meeting. Strong efforts should be made to have sites have subjects come in for
scheduled study visits that take place prior to the Clinical Cut Date, with the expec-
tation that data from those visits will be included in the DMC reports. The database
should be provided to the SDAC on the “Snapshot Date” that will occur 3—4 weeks
before the DMC meeting. Visits from prior to the Clinical Cut Date will have at least
some minimal cleaning done (focusing on adverse events and disposition data).
Efficacy or safety events that occur after the Clinical Cut Date but are captured
before the Snapshot Date should also be provided and included in the reports,
acknowledging that this data will not have had the level of cleaning done for visits
and events from prior to the Clinical Cut Date. Promptly after the Snapshot Date,
the database should be sent to the SDAC who will be generating the DMC Open and
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Closed Reports. The DMC should feel empowered to argue against proposals to
only give “clean” data to the DMC that excludes any data collected recently and
excludes recently enrolled subjects. Excluding this data is detrimental to the DMC’s
obligation to protect patient safety. The DMC should have the knowledge and tools
to understand how to interpret data included that is not perfectly “clean.” The dis-
cussion above is primarily related to the timing and cleaning of the standard data
collected by the study - the case report form (CRF) data. Alternate pathways are
almost always needed to transfer the randomization data to the SDAC. Laboratory
data might be sent by a separate pathway directly from a central laboratory to the
SDAC - particularly laboratory data that is being kept confidential from the study
team such as PK data or biomarker data. Examples could be high-sensitivity
C-reactive protein (hsCRP) data in a cardiology trial, or lymphocytes in an oncol-
ogy study where the new treatment is known to be lymphodepleting but the control
arm is not. Other pathways might be set up for the SDAC to receive other speciality
data, such as data from an adjudication committee or data from a thorough QT study.

It is somewhat common that the first meeting is a subset of the eventual set of
materials. It may just be listings, if the number of subjects is very limited. Or it may
just focus on key disposition and AE data if the number of subjects is still small.
This is especially true if visits after baseline are spaced out and, say, there is very
little lab data or other post-baseline visits conducted. This is also the case if data
management groups are still finalizing the process for extracting and processing
data (e.g., getting adjudication data process initiated, or creation of processed data-
sets rather than using raw data extracted from the clinical database).

There are a variety of models for how the programing of the DMC can be done.
Here are four approaches that have been seen:

1. SDAC receives report from Sponsor (or CRO) and passes directly to DMC. This
is most commonly seen in single-arm studies (particularly device studies) and
dose-cohort escalation (non-randomized) studies. It is occasionally seen in early
Phase 2 open-label randomized studies where the Sponsor is not implementing
any firewalls against their own by-arm review.

Advantages:
e Cheapest approach — minimal work needed by SDAC.

Disadvantages:
* Minimal ability by SDAC to assist in ad hoc outputs or understanding of the
outputs created.

2. SDAC logs directly into firewalled area of Sponsor environment and creates
TLFs after swapping in real randomization and running code.

Advantages:

* Ensures sponsor programs work.

* Allows sponsors to program complex sponsor-specific endpoints or derivations
and review the outputs on their schedules.
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* Allows for an anticipated format of real randomization and other unblinding
information.
* Higher level of QC possible as testing programs are also available.

Disadvantages:

* Requires time for SDAC staff to be trained on the system and procedures.

* Requires quick sponsor IT responses to ensure appropriate staff have appropri-
ate access.

e Limited ability and understanding of SDAC on programs — creating challenges if
ad hoc outputs required.

3. SDAC receives Sponsor code that creates TLFs and simply merges on real
randomization in own environment and runs code.

Advantages:
* Allows sponsors to program complex sponsor-specific endpoints or derivations
and review the outputs on their schedules.

Disadvantages:

» System differences can contribute to difficulties in executing programs.

e Concatenation programs (combining individual outputs into a single easily-
reviewed document) are often system dependent — and extra time should be
allowed to ensure a smooth concatenation process can be achieved.

e If programming intended for CSR or safety reporting is re-used, it may not
thoughtfully handle unclean data.

» Requires precise specifications about how to incorporate real randomization and
any other unblinding information — the presence of this data may require pro-
gramming modifications.

e Limited ability and understanding of SDAC on programs — creating challenges if
ad hoc outputs required.

4. SDAC receives one of these options:

(a) Sponsor’s ADaM (industry-standard “Analysis Dataset Model”) datasets and
merges on randomization code and programs TLFs.

(b) Sponsor’s SDTM (industry-standard “Standard Data Tabulation Model”)
datasets and creates analysis datasets that are merged on randomization and
creates TLFs.

(c) “raw” datasets and creates analysis datasets that are merged on randomiza-
tion and creates TLFs.

Advantages:

* Requires least amount of effort from sponsor.

* Does not require sponsor to mobilize efforts to support ad hoc requests.

e SDAC can silently facilitate ad hoc requests when knowledge of the requests
could be informative to the sponsor.
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e Allows SDAC programmers who are familiar with unclean data to specify algo-
rithms specifically designed to accommodate unclean data.

* SDAC provides easy-to-read tables with key information programmatically
highlighted to facilitate review of data.

Disadvantages:
* The most expensive option from the perspective of the sponsor.

There is an increasing level of ability of SDAC to reply intelligently and confi-
dentially to DMC ad hoc requests in these different models. But there is also an
increasing level of cost for SDAC services in these different models.

Hybrid models may be employed. For example, SDAC may do routine program-
ming, and the sponsor may program complex efficacy outputs utilizing sponsor-
specific analysis conventions for a formal interim analysis.

Thoughts should be made in advance in all of these approaches about how ad hoc
requests from the DMC are handled, and in particular, how confidential ad hoc
requests are handled. There must be a way that the SDAC can competently and
discreetly create the needed outputs for the DMC. There are challenges for that tak-
ing place when the SDAC is using sponsor-provided code. The SDAC team will
need to have a basic understanding of the code and data provided to them so that the
DMC requests can be accommodated.
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What Is Included in DMC Outputs?

David Kerr and Nand Kishore Rawat

Abstract This chapter is a general overview of these DMC outputs, clearly empha-
sizing that the layout and table of contents for outputs created for a DMC are
expected to be very different from what would be generated at the end of the study
for regulatory review. An overview of the safety data (e.g., adverse events, labora-
tory data), efficacy data (primary endpoint, or at least a proxy for it), and other data
(e.g., demographics, disposition, exposure) is given. Proposal is also given for what
is presented as tables, what as listings, and what as figures. Column structure and
column naming are important, especially for studies with more than two treatments
or more than one primary treatment phase. Suggestions are provided on the look-
and-feel of the DMC package sent to the DMC so that it is both comprehensive, but
also comprehensible.

Keywords Tables - Listings - Figures - Safety - Efficacy - Semi-blinding -
Populations - Column structure - Categorical summary - Continuous summary -
Program-wide DMC

The Data Monitoring Committee’s (DMC) core responsibility of forming a recom-
mendation is primarily based on the results contained in the Closed Report. This is
a set of outputs generated, typically by treatment arm. The Closed Report should be
afocused set of tables, listings, and figures to allow the DMC to interpret the essence
of the study results with 1—4 h of review. It should be comprehensive, but also com-
prehensible. It should focus on key results, but hopefully not missing any unantici-
pated safety signal. The DMC can always request additional outputs if further
details in a particular domain are required. Preferably, the Closed Report is no more
than 200 pages. Individual outputs that are over 20 pages long should either be
moved to an appendix or filtered or reformatted in some way to focus on key aspects.
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The Closed Report should include high-level summary tables, a suitable use of
graphics, and a minimum of listings. These outputs will focus on enrollment, demo-
graphics, baseline disease characteristics, exposure, disposition, safety (adverse
events, deaths, laboratory data, vital signs, ECGs, etc.), and typically will also
include efficacy data — either formal evaluation or informal evaluation to fully assess
risk/benefit. A typical DMC report might include 20 tables — roughly one-third from
demographics/disposition/exposure, one-third from adverse events, one-third other
safety tables (labs, vital signs, etc.), plus one or two tables representing efficacy
data. It might include figures — perhaps quite a few if lab data is shown over time in
a helpful way, for example. Graphics of AEs can be very helpful as well. The DMC
Closed Report typically would only include a handful of listings. Listings generally
are not very helpful to the DMC. The DMC members can ask the SDAC for infor-
mation on specific patients if needed. A reasonable proposal is that the DMC Closed
Reports only have listings for serious adverse events (SAEs), Deaths, and Grade 3
or higher labs. There can be a push where the study team advocates for excessive
number of outputs (AE tables filtered by a dozen factors, or a dozen listings) with
the concern that the DMC must have everything — but that can have a negative
impact by distracting (less experienced) DMC members from the more critical out-
puts and failing to recognize that the SDAC can produce additional outputs if
requested by the DMC.

Specifics on outputs in the Closed Report are documented in subsequent chap-
ters. Outputs should have clear titles, including the population. There should be a
small number of distinct populations to avoid confusion — most commonly one that
includes all subjects randomized (typically used for disposition and formal effi-
cacy), and one that includes all subjects who have been treated (typically used for
exposure and safety outputs). The output numbers should be simple (e.g. Table 1,
Table 2, ...), rather than what might be seen in an FDA submission (e.g.
Table 14.1.3.1.1, Table 14.1.3.1.2, ...).

Variables summarized in tables will typically follow one of three approaches:

* Continuous summary.

— Mean, Median, 25th and 75th percentile, standard deviation, minimum,
maximum.

» Categorical summary.

— Make clear if subject can only be included in one line, or if subject can be
represented in more than one line.

— Many continuous summaries might also be represented as categorical. For
example, age might be displayed using a continuous summary, but also dis-
played as <18, 18-65, and >65. This is especially true if there are certain
continuous values that would trigger discussion of the DMC. The DMC and
SDAC should collaborate on whether continuous data is most helpfully repre-
sented as continuous, categorical, or both.

— Denominators are important to clearly explain when percentages are pre-
sented. Denominators may properly be a subset of the table population.



What Is Included in DMC Outputs? 39

Consider a categorical summary of laboratory data at Week 12 (e.g. the count
and percentage of those with Grade 3 or higher neutropenia at Week 12).
Should the denominator be all subjects treated? All those with data at the
Week 12 assessment? All those that were enrolled at least 12 weeks before the
clinical cut-off date? All those that were enrolled at least 12 weeks before the
snapshot date? Should the categorization be different for subjects who do not
have Week 12 data for subjects who have not yet reached Week 12 vs. have
reached Week 12 or withdrawn from study prior to Week 127 Answering this
requires thought on the underlying question to be answered by the percent-
ages produced. The study SAP could be useful place to look for answers, but
that document likely would not fully address the real-time data that is part of
DMC reporting.

e Subject-level category.

— Single-line summary representing if a subject experienced the event of inter-
est at least once.

— Most typically for AE tables — each line will represent the number of subjects
who had the specified AE at least once.

The Closed Report will typically show results split by treatment arm for random-
ized studies, or by dose group for dose escalation studies. The most common
approach is to explicitly display the treatment or dose in the table columns and
elsewhere (e.g., “Active” vs. “Placebo,” or “20 mg” vs. “40 mg” vs. “60 mg”’). Some
sponsors (and a few DMC members) advocate to have outputs be semi-blinded. In
that situation, the outputs would be labeled “Purple” vs. “Gold,” or “A” vs. “B” vs.
“C.” In that situation, the DMC members could request to receive the explicit semi-
unblinding decodes at any time (even at the time of the first meeting, although more
commonly would be later in the study). The success of this approach depends on the
DMC actively requesting the explicit semi-unblinding decodes if the recommenda-
tion that would be made would change depending on which arm was which. There
have been examples where deaths were 5 vs. 15 (or similar), and the DMC assumed
the smaller number of deaths were on the active arm and an encouraging signal, but
rather the larger number of deaths were on the active arm and potentially action
needed by the DMC. The semi-blinding approach is particularly ill-suited for stud-
ies with more than two arms, such as dose ranging studies (e.g. “Placebo” vs.
“20 mg” vs. “40 mg”’) where the DMC should monitor for dose effect. In general, it
is preferable to simply and explicitly give the treatment codes. Or, perhaps, in a two-
arm study for security’s sake have the labels be semi-blinded, but at each meeting
(either provided separately in advance, or at the beginning of the Closed Session)
provide the explicit semi-unblinding decodes. Do not switch semi-blinding treat-
ment coding from meeting-to-meeting, which would impact the DMC ability to
track imbalances over time. Semi-blinding is particularly challenging when ran-
domization is not done in equal allocation (e.g., when randomization is 2:1 or
3:2:2:2). In these situations, semi-blinding would not be effective in hiding the some
or all of the treatment arm information. Additional blinding of outputs can be
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attempted in these cases (e.g., remove all subject counts and only include percent-
ages for categorical summaries), but the effort involved is not worth the limited
benefit.

Many studies are simple where a subject continues on a specific treatment until
completion of the study. However, many studies are more complex. There might be
a lead-in/induction phase, maintenance phase, cross-over, or an open-label exten-
sion. How best to represent output from different phases of a study to the DMC is a
common discussion during the Kick-Off Meeting. For example, a study that has a
12-week double-blind phase (active vs. placebo), followed by a 40-week open-label
phase (all subjects on active), might be represented by having outputs in two parts,
e.g. (Tables 1 and 2):

The DMC might conceivably want a Table 3 also, which includes all AEs com-
bined into one table, split by original randomized treatment. (One final approach for
Table 4 would summarize the full placebo experience — the first 12 weeks for those
randomized to placebo — vs. full active experience — all experience for those ran-
domized to active and the experience from Week 12 onward for those randomized
to placebo. But this table would need to adjust for exposure time for any helpful
comparisons.) The exact layout could be dependent on whether AEs are more or less
of interest that occur shortly after treatment is initiated, or whether long-term AEs
are more of a concern. Modern studies can be even more complex, with subjects
who are responders (or non-responders) being re-randomized or with cross-over to

Table 1 Summary of AEs in double-blind phase (AEs through Week 12)

Active
Placebo
Total

Table 2 Summary of AEs in open-label extension (AEs from Week 12 to Week 52)

Active — Active

Placebo — Active
Total

Table 3 Summary of AEs in study (through Week 52)

Randomized to Active

Randomized to Placebo
Total

Table 4 Summary of AEs in study
Active (AEs through Week 52 for those randomized to Active, and AEs from Week 12 to Week
52 for those randomized to Placebo)
Placebo (AEs through Week 12 for those randomized to Placebo)
Total
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specified open-label treatment at certain parts of the study. In all cases, the DMC
should be aware of the Intent-to-Treat (ITT) principle to summarize patients based
on how they were randomized, and understand the column structure they are pre-
sented, and whether it is a randomized comparison or not. (Even if there is ad hoc
cross-over, typically the DMC will continue to review results by randomized treat-
ment to maintain the ITT comparison.) Keep in mind that the sponsor might take
ownership of monitoring open-label extension studies/phases. And the DMC dura-
tion might conclude at the time the randomization portion is locked and unblinded,
even if the open label extension phase is ongoing.

A focused Closed Report is particularly important if the DMC is reviewing mul-
tiple protocols at one meeting (a “program-wide” DMC). Consideration needs to be
made to have consistent naming/numbering/format of the outputs so that the DMC
can digest results of two to eight protocols without requiring 28 times the effort.
The value of the program-wide DMC is that the DMC deeply understands the new
treatment, can give globally consistent requests, and can obtain earlier recognition
of global trends of potential concerns. There are efficiencies, although a larger DMC
will typically be required to cover all of the clinical disease areas of the studies —
and more time will be needed by the SDAC to prepare and the DMC to review all of
the outputs. Longer meetings likely will be needed, and efforts made to ensure there
is no confusion within the DMC about which study is being discussed during the
meeting. Review of each specific study might be rushed — one option is to only
review a subset of studies at each meeting, perhaps in combination with having
more frequent meetings. On occasion a “meta-analysis” is created in a program-
wide DMC, but that has focused on just a few tables (e.g., the AE overview table).
Many program-wide DMCs include studies which have different comparisons and
maturity and length and patient population, and so simply combining all data
together can be deceptive.

DMC outputs are from a snapshot in time. Both the sponsor and DMC should be
aware of the implications of using real-time data. Chapter “What Data Is Used for
DMC Outputs and Who Programs?” discussed the balance of currentness vs. clean-
liness of the data snapshot. DMC outputs should summarize data to distinguish
missing data for what is likely to never be available vs. “not yet available.” For
example, there might be 50 subjects randomized, but only documented dosing from
45 subjects. It is helpful for the DMC to know which of those five subjects were
randomized shortly before the snapshot (and therefore likely were dosed, but simply
did not have data submitted yet) and which of those five were randomized quite
some time in the past (and therefore seem likely they truly were never dosed).

Real-time data will have some visits entirely missing (some that might be
obtained in the future, and some that will never be obtained) and some missing data
within visits. There may be clearly incorrect data (commonly from bad units — e.g.,
1.83 cm height, rather than 183 cm height). There may be inconsistencies in the
stratification data between randomization data and the Case Report Form (CRF)
data. There may be inconsistencies within a patient’s data (e.g., a patient has data on
the AE form indicating that an AE led to discontinuation of treatment, but on the
disposition form, there is no indication that the subject has discontinued treatment).



42 D. Kerr and N. K. Rawat

There may be AEs that have not yet been coded to a standard dictionary of medical
terms, and there may be unadjudicated events. Most of these issues will not impact
the DMC'’s ability to make an informed recommendation. There should not be over-
reaction from the DMC or sponsor on these issues. Clearly, the DMC should expect
a certain level of cleaning and completeness. And the SDAC might emphasize that
the DMC review a median value, rather than a mean value, in the presence of an
outlier clearly due to a bad unit. But the core focus of the DMC on AEs and other
key safety data can still be done in the presence of real-time snapshot of data.

The analysis from the SDAC might be different from what would be done for
final analyses by the sponsor, without unduly impacting the DMC'’s ability. For
example, the final analysis might summarize outputs by “treatment received” rather
than “treatment assigned,” but for DMC purposes, there is little impact using the
simpler “treatment assigned” with the assumption that >99% of subjects are only
treated with the treatment assigned, rather than taking an incorrect treatment at
some point. And the sponsor might use advanced data imputations or visit window-
ing that would not affect >99% of dates or visits, and again DMC outputs can pro-
ceed with a simpler approach without any substantive impact. The above discussion
does not necessarily apply to formal evaluations of efficacy, where there is typically
the expectation of completely cleaned data and using the exact statistical algorithms
that would be place at the time of the final analysis.
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Abstract This chapter continues along those lines for how final materials are pack-
aged and distributed to the DMC. Additional thoughts on the look-and-feel of the
DMC package are provided, so that the DMC can easily but securely receive and —
once received — easily review materials. An Executive Summary might be part of
this DMC package. Pros and cons about going beyond static outputs are discussed.

Keywords Report delivery - Report package - Executive Summary

The Data Monitoring Committee (DMC) outputs are distributed electronically.
Most typically outputs should be a single .PDF with bookmarks and hyperlinked
table of contents. There have been examples seen of DMC members receiving
50-100 individual .LST or .RTF files — made even worse with cryptic names like
“TO1” and “T02.” That is unacceptable. The DMC must be able to quickly review
and annotate the results they are provided. Less egregious, but still unhelpful are
files or bookmarks that say “t-demog” or “l-sae” rather than explicitly being named.
In the past, paper binders were created in three-ring binders and delivered in advance
of the meeting. Those days are now gone except on rare occasions. The vast major-
ity of DMC members are happy to get reports instantaneously and securely, without
worrying about delays in a mail room or a missed courier delivery at home.
Electronic access allows for updated materials and minutes and other secure docu-
ments to be sent, and for easy searching for particular phrases within the documents.
Statistical Data Analysis Centers (SDACs) should be able to support a secure file
transport portal so that the members have unique accounts and passwords to allow
access to the materials when needed. Reports typically are distributed 1 week prior
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to the DMC meeting, although that can be updated to give more time (e.g., for a
program-wide review with many studies to review) or less time (e.g., enrollment on
hold until DMC recommendation, or formal interim analysis with need for a very
quick response).

There can be concern of security. This was true even for the three-ring binders
provided in past years (what if lost in mail room, or taken from front step of home,
or left on an airplane, or carelessly left out in an office). But the issue is still valid
when sent electronically. The assumption is that DMC members take their respon-
sibility of confidentiality of materials seriously and treat these materials like they
would HIPAA-protected information with appropriate electronic security and care-
fully making sure that no further electronic distribution is made. Some sponsors
may insist on additional safeguards, although these come at the expense of conve-
nience for the DMC. One approach is to prohibit downloads of the DMC outputs —
the reports can only be viewed on the secure portal but not downloaded. DMC
members have resisted this restriction, however. Another approach is to insist that
DMC members delete DMC outputs from their computers within 2 weeks of the
DMC meeting (after the minutes have been drafted, reviewed, and finalized).

The SDAC typically will also provide the most recent copy of the protocol and
DMC Charter for easy reference. The meeting minutes from the previous meeting
should also be distributed. Other study documents might be distributed. For exam-
ple the Investigator’s Brochure (IB) could be useful for the DMC to reference for
rates of side effects seen in previous studies. The Informed Consent Form might be
checked to see if an observed risk seen in the study is already described to incoming
participants. The study’s Statistical Analysis Plan might also be useful as well for
the DMC.

The SDAC may produce an executive summary. The executive summary should
not editorialize. The executive summary, if created, will summarize items of note
from previous discussions and provide the current results on those topics. Newly
created outputs or substantively updated outputs will be mentioned. The SDAC
might independently flag imbalances or other results of interest. It could include an
overview of the protocol synopsis and the definition of the populations analyzed.
Additional details on the snapshot date, or the precise definition of non-trivial vari-
ables (e.g., “treatment emergency adverse events”), are also commonly seen. If an
interim analysis, the specific details of the statistical criteria will be provided. The
review of the executive summary by the DMC in no way absolves the DMC mem-
bers from doing their own thorough review of the outputs. The author of the execu-
tive summary likely lacks the clinical expertise of the membership — there may be a
0 vs. 4 imbalance hiding in the outputs that warrants extensive discussion that was
entirely missed in the executive summary.

There have been discussions for the past decade about going beyond static out-
puts. This could be providing the analysis datasets to the members, or applications
that allow for real-time graphical investigation by individual DMC members. This
is potentially helpful for the DMC, but many concerns remain that need to be
addressed. Sending the datasets could be a concern because of worries of handling
and distributing patient data outside the sponsor and SDAC. Even though no or
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minimal personally identifiable information is included, there still may be issues
with datasets being sent to the DMC. Another concern is that these investigations
likely would focus on the individual level analysis, rather than the group level analy-
sis. There is occasionally the need to focus deeply on specific patients, but the
DMC’s key role typically is to look at by-arm results, not to micro-manage or adju-
dicate or second-guess the site’s management of a subject. Another concern is that
this would lead further into the issue of multiple comparisons. Even if the DMC
could look at results by-group through an application, it would be easy to envision
a DMC member looking at events by many different subgroups and become overly
concerned with one subgroup that shows an impact, forgetting how many different
approaches were first looked at. And finally, for documentation purposes, it cur-
rently is best that a single report can be provided to regulatory agencies at the con-
clusion of the DMC service documenting exactly what was reviewed to form the
DMC decision, and the minutes will discuss exactly what materials all DMC mem-
bers had access to. That would be challenging to document if there is a universe of
different analyses each DMC member could do in advance of the meeting.
Nonetheless, a few DMCs have been conducted that had access to web applications
that allowed for interactivity, such as clicking a summary number on a table or a
point on a scatterplot to get more information about the specific patients repre-
sented, or being able to create summaries (tables, listing or figures) based on user-
defined filters. It is still unclear whether the use of these interactive web applications
will expand and become the norm in the future.
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What Types of Safety Outputs Does
the DMC Receive?

David Kerr and Nand Kishore Rawat

Abstract This chapter goes into detail about the outputs that are both comprehen-
sive and comprehensible for the DMC — this chapter focuses on safety. Details of the
standard safety outputs are provided. These primarily are based on adverse event
data, and a background is provided of how this adverse event data is captured and
categorized. Detailed list of adverse outputs of most use to the DMC is given, with
numerous examples of figures. Proposals for useful summarizations (including fig-
ures) from deaths, laboratory data, vital signs data, and other data sources are also
provided.

Keywords Safety data - Adverse events - Serious adverse events - Adverse events
of special interest - CTCAE - MedDRA SOC/PT - Deaths - Laboratory data - Liver
function tests (LFTs) - Hy’s Law - Vital signs

All post-baseline information provided to the Data Monitoring Committee (DMC)
by treatment could theoretically reflect safety. Efficacy outputs will be discussed
later, and in theory, the efficacy results could reveal safety concerns in the form of
“reverse efficacy” — where the endpoint is showing a harmful unexpected trend. And
disposition outputs could also reveal safety concerns (e.g., discontinuation from
treatment or need for more concomitant medication could indicate harmful trend).
This section will focus on the more traditional measures of safety, however.

The most common way to evaluate safety is through outputs of adverse events (AEs).
Most commonly AEs are of interest when they are treatment-emergent — occurring
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after the first dose or intervention and including only subjects who have had at least
one dose or had the intervention. On occasion, the DMC may want to look at a list-
ing of AEs that were pre-treatment — for example, if part of the screening prior to
starting treatment is to wean off a medication or an invasive scan is required, then
the DMC might want to be aware of AEs during screening as well as the treatment-
emergent AEs. The AE monitoring period typically extends through a set period of
time after last dose (e.g., 28 days after last dose — or some number of days that
represents four half-lives of the medication). The protocol and the sponsor and
SDAC should clearly communicate what period of time is covered by the AE sur-
veillance. Studies that have multiple parts (double-blind followed by open-label
extension) should especially be clear on which AEs are summarized in which set of
outputs. In some studies, particularly open-label studies, there might be a different
schedule of visits for subjects on different arms. The more opportunities there are to
ask a subject about AEs, the more likely to have instances of recall bias and there-
fore nominally higher rates.

AEs typically are categorized as serious (an SAE) or not. There is a formal defi-
nition of seriousness:

 results in death,

e is life-threatening,

e requires inpatient hospitalization or results in prolongation of existing
hospitalization,

* results in persistent or significant disability/incapacity,

* is a congenital anomaly/birth defect,

* is a medically important event or reaction.

A core focus of the DMC will be on the by-arm summary of treatment-
emergent SAEs.

AE:s are typically categorized by severity grade — for example, mild vs. moderate
vs. severe vs. life-threatening vs. fatal. Note that a severe AE is not necessarily seri-
ous, and vice versa. Grading might also be on a 1 vs. 2 vs. 3 vs. 4 vs. 5 scale. One
standard grading approach is Common Terminology Criteria for Adverse Events
(CTCAE). A standard output for the DMC is AEs summarized by maximum grade,
and AEs that are Grade 3/Severe or worse.

AEs are commonly coded to MedDRA (Medical Dictionary for Regulatory
Activities). It would be challenging to simply list all of the verbatim terms sites
enter for each AE. Instead, a coding process is implemented to translate each verba-
tim term to a term in MedDRA. There are variants, but summaries of AEs are typi-
cally done with MedDRA at two levels — the System Organ Class (SOC) level which
has 27 levels and then within SOC at the Preferred Term (PT) level which has nearly
20,000 unique terms. Note that due to the real-time nature of the data, some AEs
might not yet be through coding at the time of the data snapshot. These should still
be included in outputs, perhaps by showing the verbatim term entered. The DMC
should be aware that very similar events might be coded into different PTs. It will
not be immediately obvious if PT lines of a table can be added, or if simply sum-
ming the lines would lead to excess due to double-counting of subjects who show



What Types of Safety Outputs Does the DMC Receive? 49

up on different lines due to having multiple events that were coded differently. For
example, if two subjects show up in a table with PT of “Neutropenia” within the
“Blood and lymphatic system disorders” SOC and two subjects show up in the same
table with PT of “Neutrophil count decreased” within the “Investigations” SOC, it
is impossible within just these results to determine if these two summaries represent
two, three, or four unique subjects. The DMC can request the SDAC provide out-
puts that aggregate certain “constellations” of terms together. There are Standardized
MedDRA Queries (SMQs) that do this for some standard groupings also. The study
team may also have identified AEs of Special Interest (AEoSI). In such a case, the
DMC outputs will include a summary of the PTs that are included in the set of
AEoSI. One aspect that confuses DMC members who have not previously seen data
summarized by MedDRA is how the condition under investigation is handled. They
may suspect there is a problem when, in a Crohn’s Disease study as an example,
some subjects show up with a PT of “Crohn’s Disease.” The DMC member will say
that it should either be 100% (because all subjects had the condition at baseline) or
0% (since it is not treatment-emergent). The answer is that these are recorded as
AE:s if the condition worsens, for example here, if there is a flare in the Crohn’s
Disease, it would be captured as an AE. In some protocols, a worsening of condition
under investigation would not be captured as an AE but would be separately reported
on the form that collects primary and secondary endpoints. The DMC should be
informed on where and how AEs are collected as they relate to the clinical indication.

AEs can be categorized at the site for causality (e.g., possibly related, definitely
related). It is suggested that the DMC generally ignore this categorization. The
DMC will review the by-arm outputs. If there are more events on the active arm,
then that type of event is likely causally related to the intervention. There is no need
for the DMC to review or disagree with the investigator assessment of causality.

Information may be obtained if the AE resulted in interruption in treatment,
change (reduction) in treatment, or permanent withdrawal from treatment. Note that
some studies collect data if an AE led to discontinuation from the study — not just
withdrawal from treatment. In most studies, this option should not exist. An AE
certainly can motivate permanent withdrawal from treatment, but there’s no reason
that an AE should impact whether the patient stays on study and has data assess-
ments collected in the future.

A standard set of outputs from AE data is shown here:

e Overall Summary of Treatment-Emergent Adverse Events.

e Atleast one AE.

e Atleast one SAE.

» At least one Grade 3/Severe or higher AE.
e AE leading to withdrawal from study drug.
e AE leading to death.

e Treatment-Emergent Adverse Events by MedDRA SOC/PT.
e Treatment-Emergent Adverse Events by Descending Frequency of MedDRA PT.
* Treatment-Emergent Serious Adverse Events by MedDRA SOC/PT.
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e Treatment-Emergent Grade 3/Severe or Higher Adverse Events by
MedDRA SOC/PT.

e Treatment-Emergent Adverse Events Leading to Withdrawal from Study Drug
by MedDRA SOC/PT.

e Treatment-Emergent Adverse Events Leading to Death by MedDRA SOC/PT.

e Treatment-Emergent Adverse Events of Special Interest by MedDRA SOC/PT.

e Treatment-Emergent Adverse Events by Maximum Grade by MedDRA SOC/PT.

These outputs are typically presented at a subject level — a subject will show up
in the numerator if they have at least one of the events of interest — whether that be
just a single event, or 2 or 5 to 10 events. Percentages represent the percent of sub-
jects who had at least one of the events of interest. This typically isn’t a concern, but
a DMC might request additional information that provides insight into the total
number of events on each arm, not just the number of subjects who had at least
one event.

The DMC should be aware if there is differential premature discontinuation of
treatment, the average on-treatment time could be different which again would
impact the observed rate of AEs — but not due to any true difference in the AE pro-
file. Another fine-tuning of AE outputs is to summarize AEs per 100 patient-years.
This analysis will adjust if the average time under AE surveillance is different
between the study arms. These analyses could include a subject at most once in the
numerator or could include a subject multiple times if the subject had multiple of
the event.

Typically, inferential statistics (e.g., p-values, confidence intervals) are not
included in AE summary tables. Some DMC members have requested these, but
there are concerns of misinterpretation. An AE summary table might go on for 10
pages, for example, representing all 200 unique preferred terms that have occurred
at least once. Including p-values for each of these lines could easily be misinter-
preted. Due to multiple comparison, one might expect — by chance alone — 10 lines
to have p-value < 0.05. Looking at a p-value < 0.05 might be used as a flagging
mechanism, but DMC members could easily mistake these AEs as demonstrating
conclusive proof of difference.

The only listing of AE data typically included is the listing of SAEs. All other
information can be provided on an as-needed basis by the SDAC. There is minimal
value in extensive listings of AEs. One feature appreciated by DMC:s is to include a
cumulative listing of SAEs, but to highlight (in bold, or a different color font) the
incremental SAEs that are new compared to the listing generated at the previous
DMC meeting.

Figures based on AE data are less common but should become more common.
Some examples are shown below. They can be helpful to look at differences, but do
not entirely replace careful review of summary tables. An imbalance of 4 vs. 0 in
progressive multifocal leukoencephalopathy (PML), for example, could be a critical
topic for the DMC but likely would not stand out in the following graphics.
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Fig. 1 Adverse events by System Organ Class
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Fig. 2 Adverse events by Preferred Term

A plot of adverse event SOC in descending frequency, by treatment and indicat-
ing maximum severity, is a helpful way to quickly show results to the DMC as seen
in Fig. 1.

This plot can similarly be done for PTs. This would take many pages, so filtering
likely would be done. This could filter to only include the most frequent PTs overall,
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Fig. 3 Adverse events volcano plot

most frequent PTs in a particular treatment, etc. Figure 2 shows this sorted on the
most frequent PTs overall.

A volcano plot can be very helpful place for DMC members to start their AE
review. As seen in Fig. 3, it shows odds ratio (typically on log-scale) on the x-axis
and p-value (typically on log-scale) on the y-axis. PTs with a p-value less than 0.05
are highlighted for additional discussion. It’s important to note that there may be
events flagged with p-value less than 0.05 that are not of interest (statistically or
clinically), and there may be events that have a p-value greater than 0.05 that are of
great interest (a 0 vs. 4 comparison on anaphylaxis, for example). The volcano plot
is also of most use when just comparing two treatments — it would be difficult to
show three or more distinct treatments on this plot.

A plot showing rates of SOC and relative risk by treatment within each SOC is
another figure that DMC members gravitate toward, as seen in Fig. 4. Sorting can be
done in different ways. The example below sorts by upper limit of confidence inter-
val of relative risk. This is not to imply any statistical significance if the upper limit
of the confidence interval is below 1, but again is acting as a filter to help facilitate
further discussion. Versions of this could be done on PTs as well, filtering on most
frequent or those with most difference (by HR, or by upper or lower confidence
limit of HR).

Note that not all deaths will be AEs. For examples, deaths that are more than
28 days after the last dose might not be entered as an AE. And some studies have
defined in the protocol that deaths due to disease progression are not entered as AEs.
Deaths should be summarized for the DMC, but this information might be in two
locations — one from the AE data, and one from a different data source of all deaths,
or from the end of study or disposition data. The summary of death may show cat-
egorized reason for death, and may indicate which were within, say, 28 days of last
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dose and which were beyond that time frame. A listing of deaths is commonly
included as well.

Laboratory data is commonly provided, although this may not be as useful to the
DMC as the adverse event data. The DMC may be more focused on laboratory
abnormalities that have clinical consequence, in which case those will be captured
in the AE data. Laboratory data is commonly categorized as either normal or as
abnormal on a Grade 1-5 scale. Some lab parameters have a grading scale in two
directions — one for the low (“hypo”) values and one for the high (“hyper”) values.
The DMC may be interested in just one or both directions for these lab parameters.
It is very easy and common mistake to have long, but unhelpful continuous sum-
maries of lab data — repeating summaries for pages and pages for each time point
within every lab parameter. The DMC must be provided more helpful outputs. If
needed, the DMC can request additional materials from the SDAC.

A simple approach is to summarize maximum post-baseline grading for lab
parameter (including “hypo” and “hyper” summaries separately). This is a short
output and distills the most important features — looking to see if one arm or another
has an excess of worst grades. A helpful figure for the lab data is a box-and-whisker
plot which also includes means over time, as seen in Fig. 5. One figure per lab
parameter is quick to review and shows visually both the overall trends (mean over
time) as well as extreme values (points outside the whiskers). It is common to show
a second figure per lab parameter representing the change from baseline. The
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Fig. 5 Laboratory values over time

box-and-whisker plots likely will only include results from nominal visits, not any
unscheduled visits. However, the table of maximum post-baseline grading will
include all visits, including unscheduled visits.

If lab data is summarized in a table over time as continuous data, include change
from baseline results and ensure outputs are in consistent units, using the units
expected by the DMC members (which might be ST units, or might be U.S. conven-
tional units). A summary over time might also include categories for values that
would cause the DMC to have additional discussion.

Liver function tests (LFTs) — including ALP (alkaline phosphatase), ALT (ala-
nine transaminase), AST (aspartate transaminase), and bilirubin — are a particular
concern of DMCs because many treatments are known or suspected to cause hepa-
totoxicity. It is very common to have a distinct table summarizing number of sub-
jects who have at least one ALT>3xULN, >5xULN, etc. eDISH (evaluation of
drug-induced serious hepatotoxicity) plots are a convenient way to graphically
assess ALT and AST vs. bilirubin values. Values are assessed standardized com-
pared to multiples of upper limit of normal (ULN). Both the table and figure will
help the DMC to assess if Hy’s Law laboratory criteria have been met (ALT or
AST >3xULN simultaneously with bilirubin >2xULN).

Figure 6 shows the maximum post-baseline AST, ALT, and ALP vs. maximum
post-baseline bilirubin. Each subject in only included once. A value in the top-right
quadrant for AST and ALT plots might meet Hy’s Law laboratory criteria. However,
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Fig. 6 eDISH plot

there is a chance that values in the top-right quadrant reflect elevations that were not
synchronous.

A similar figure could be created that includes every visit. However, matching up
ALT and AST visits vs. bilirubin visits to ensure they were synchronous is not
always trivial if there are repeat assessments at a visit or unscheduled visits. It seems
more common to present the maximum values of the parameters, and then investi-
gate the specific patients of interest — those in the top-right quadrant — to see if ele-
vations were synchronous.

If there are a small number of subjects with LFTs of interest (e.g., have met labo-
ratory criteria for Hy’s Law), a patient profile plot can be helpful, as seen in Fig. 7.
These track multiple lab parameters over time (relative to multiples of upper limit
of normal for each parameter). It can easily be seen if elevations are synchronous,
and if elevations persist or are short-lived.

Looking at shifts from baseline to maximum in a table is helpful (perhaps look-
ing at maximum toxicity grade vs. baseline toxicity grade). But a figure can also be
instructive, as seen in Fig. 8. Here’s an example looking at baseline vs. maximum
value and highlighting subjects who have more than a 2xULN maximum. It’s easy
in this plot to see if these subjects are in the top-right corner of the plot which would
indicate being abnormal at baseline, compared to the top-left corner of the plot
which would indicate a new lab toxicity.

Listings of lab data can become too long very quickly. A helpful approach is to
only list results that are Grade 3 or higher. Include other results from that lab param-
eter for that subject as well, so that the DMC can easily see the values that preceded
and followed the high-grade lab result. Highlight (in bold or in a different color
font) the high-grade value that triggered the patient’s lab parameters being included
in the listing.

Vital signs are not usually of interest unless the study is specifically intended or
known to impact systolic blood pressure (SBP), diastolic blood pressure (DBP) or
heart rate (HR). If of interest, include summaries that are similar as for lab data.
Summarize the number of subjects who have had at least one value of certain
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Fig. 8 Laboratory values baseline vs. maximum post-baseline
critical thresholds (e.g., SBP > 180 mmHg with an increase >20 mmHg from base-

line) and include a box-and-whisker plot of SBP, DBP, and HR over time.
Temperature and weight are typically not an informative way to address any safety
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concern, although those outputs may yield interesting results (e.g., increasing
weight is a sign of efficacy in studies of patients with Crohn’s Disease, and short-
term summary of temperature might be of interest in a vaccine study). But in gen-
eral, summaries from the AE outputs of terms such as “Weight decreased” or
“Pyrexia” or similar would yield more informative safety results than from the vital
signs dataset.

Other data might be included as needed for the study (e.g., QTc, ECG). The
sponsor and DMC should always remember though that the DMC outputs do not
need to include every piece of data collected. Generally, a summary of AEs (and
SAE:s in particular) will suffice instead of including tertiary safety parameters.

Kaplan—Meier figures are commonly used for presenting efficacy data where the
endpoint is time-to-event data where some subjects have experienced the event and
others are censored without yet having experienced the event. This is commonly
seen for endpoints such as time to death, or time to disease progression (or death).
However, Kaplan—Meier figures can also be used to represent safety data in helpful
way for the DMC to reveal information about the time pattern of the events. For
example, a Kaplan—Meier figure of time to first serious adverse event, as seen in
Fig. 9, helps reveal if these SAEs are primarily early in treatment or evenly spread
out over time and that could impact DMC recommendations on how to reduce the
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Fig. 9 Time to first Serious Adverse Events

risk of these in the future. The example below has only had three SAEs in the study,
but might be more informative as the study matures.
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Abstract This chapter goes into detail about the outputs that are both comprehensive
and comprehensible for the DMC — this chapter focuses on efficacy. We advocate
for efficacy data to be provided — even if non-inferential and just a proxy for the
primary endpoint. This aids the DMC in a more comprehensive assessment of risk-
benefit to provide more suitable DMC recommendations. The hazards of repeated
assessment of efficacy data are noted, as are the hazards of overinterpreting early
trends or lack of early trends. The principles of interpreting p-values are provided.

Keywords Inferential efficacy - Non-inferential efficacy - Risk-benefit - Endpoints
- p-values - Kaplan-Meier figure - Repeated assessments - Alpha hit - Alpha
spending

Non-inferential efficacy is a critical component to many Data Monitoring Committee
(DMC) outputs even for meetings that some might ascribe as ‘safety reviews’.
Without access to some form of efficacy, the DMC cannot fully assess risk-benefit.
The result would be the DMC recommending many studies stop for safety concerns
when there is actually a good chance of efficacy eventually being demonstrated that
more than offsets the safety concern. For example, many chemotherapy treatments
are ‘unsafe’ given the severe side effects that are seen but are valued by the clinical
community because of the efficacy provided.

This philosophy regarding the inclusion of efficacy data (even if non-inferential)
is most compelling if the endpoint itself is clinically compelling — one that measures
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how the subject ‘feels, functions, and survives’. An endpoint that is a biomarker that
has not yet been confirmed as a correlate for a clinically compelling endpoint is not
as necessary to include. In these cases, the DMC might exclusively use the safety
data to guide their recommendations.

The non-inferential efficacy can be a proxy to the primary endpoint. It could use
data that is not fully cleaned or complete. There could be many approximations or
other issues. But the purpose is simply to assuage DMC concerns that, in the pres-
ence of safety concerns, there is still some offsetting benefit or hope for benefit. As
an example, in a study where the primary endpoint is disease progression confirmed
by adjudication committee (e.g., BICR), it might be sufficient to have the DMC
outputs include the site-proposed disease progression, given the expected high cor-
relation between site-proposed disease progression and the disease progression con-
firmed by the adjudication committee. Or the primary endpoint might be a composite,
but the DMC is presented with just the individual components of the composite. Or
the endpoint is a time-to-event analysis, but the DMC is provided with the simple
counts of the events, rather than being provided the Kaplan—Meier curve.

Including information on death can be viewed as both a safety output, as well as
an efficacy output. It is typical to include an ad hoc Kaplan—Meier figure of OS. Note
that the safety output will include a table using treated population, whereas the
efficacy section may also include table of deaths using randomized population
which could additionally include deaths from subjects that were never treated. It is
relatively unlikely, but there could be concerns of ‘reverse efficacy’ where the trends
in the endpoint variables are in the unexpectedly opposite direction and be indica-
tive of safety concerns. That is another reason to include some measure of efficacy
to the DMC.

There have been statistical concerns stated about including efficacy data as a
routine matter. That is true for both non-inferential efficacy data but especially if
inferential statstics are included (hazard ratio and confidence interval and p-value,
for example) due to a perceived ‘alpha hit’. There is a valid statistical concern that
repeated assessments of data with the potential of early stopping do need to be
accounted for in assessing p-values at interim and final analysis. But these efficacy
outputs are not for potential stopping and therefore do not impact the interpreta-
tion of the final p-value at the final analysis. However, if objections persist, a simple
approach is to build in that the alpha-spent at each review is some extremely small
value, say, 0.0001. The end result on the final p-value is negligible. This does
account for the unlikely but theoretical possibility that amazingly good results are
seen during the study and the DMC may feel ethically compelled to recommend
informing the sponsor and allowing subjects in the study and beyond to get access
to this efficacious treatment earlier. Of course, as with all DMC recommendations,
there can and should be discussion with the Sponsor Liaison and others (such as
regulatory agencies) before any final decisions are made.

Efficacy data will, of course, be presented if the purpose of the DMC meeting is
a formal assessment of specified criteria. That criteria could be for recommendation
of stopping early for benefit, recommendation for stopping early for futility, or for
other reasons. In many cases, just one or two outputs are included (one table, and
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Fig. 1 Time to progression-free survival

one Kaplan—Meier figure, for example). Or it could be even more reduced — just to
essentially one conditional power metric (likelihood of eventual success). The DMC
will assess if the specified criteria were met and act accordingly, influenced (as
agreed upon in the charter and previous discussions with the sponsor) by the totality
of the data including the outputs focused on safety and study integrity. Fig. 1 shows
what information might be contained in the Kaplan—Meier figure of time to progression-
free survival (PFS) at a formal assessment of efficacy. Information in the top-right
corner and the bottom might be removed if this PES was being presented simply as
a way to present efficacy as a possible counter-balance for safety concerns.

In other cases, additional efficacy data is provided to help the DMC fully assess
the situation. This could include secondary endpoints and sensitivity analyses. The
DMC, for example, would want information on the components of a composite
endpoint to understand which of the components is driving a treatment effect (is it
the most clinically compelling, or one that is less so). Sometimes, subgroups are
presented in table or graphically as a forest plot so that the DMC can assess consis-
tency of treatment effect across different subgroups. Some sponsors are dogmatic in
how the DMC should operate — enforcing a binding recommendation on the data.
Others are more flexible and provide the DMC the philosophy of the decision-
making but encourage the DMC to use their full judgment. In either case, hopefully
there is a Sponsor Liaison who can, if needed, have a confidential but frank discus-
sion with the DMC if the recommendation to be made is not clearly obvious.

The DMC might see, for example, Kaplan—Meier curves where the curves cross
and a trend for efficacy emerges later in the study follow-up. Based on that, the
DMC might decide not to recommend stopping for futility even if numerically the
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results have met the futility criteria. Or, at minimum, bring this up for discussion
with the Sponsor Liaison. The DMC might use information such as events that have
not yet been through adjudication to help with decision making if the results using
only the adjudicated data are close to the specified threshold. Another example is
where the study demonstrated impressive early results that met the criterion for suc-
cess, but the DMC proposed (and Sponsor Liaison agreed) that the safety database
was not quite mature enough and that there was value continuing the study another
short period of time to gain enough safety data that would be convincing to regula-
tors and the clinical community.

If p-values are included in any way, be it for safety, informal assessment of effi-
cacy, formal assessment of efficacy, or otherwise, it is important that the DMC inter-
pret those p-values properly. There is a long history of p-values being misinterpreted.
Here are the six principles from the American Statistical Association regarding
p-values (Wasserstein and Lazar, 2016) [5]:

(i) P-values can indicate how incompatible the data are with a specified statisti-

cal model.

(ii) P-values do not measure the probability that the studied hypothesis is true, or
the probability that the data were produced by random chance alone.

(iii) Scientific conclusions and business or policy decisions should not be based
only on whether a p-value passes a specific threshold.

(iv) Proper inference requires full reporting and transparency.

(v) A p-value, or statistical significance, does not measure the size of an effect or
the importance of a result.

(vi) By itself, a p-value does not provide a good measure of evidence regarding a
model or hypothesis.
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Abstract This chapter goes into detail about the outputs that are both comprehensive
and comprehensible for the DMC - this chapter focuses on outputs beyond safety
and efficacy. These include outputs to evaluate study integrity, baseline data, dispo-
sition, and treatment exposure. Additional review that the DMC or SDAC might
conduct includes event projections and randomization audits.

Keywords Study integrity - Enrollment - Study Disposition - Treatment
Disposition - Demographics - Baseline disease characteristics - Protocol deviations
- Exposure - Event projections - Randomization audits - Pharmacokinetic (PK) data

It is important that the study be well conducted and interpretable in a timely fashion.
Other groups will help to oversee this, but the Data Monitoring Committee (DMC)
has a role as well. And having a DMC meeting every 4 to 6 months, for example, is
a good way that all teams involved in the study can periodically take a step back and
consider if the study is on track, rather than discovering issues only toward the end
of the study. Many of the following outputs are of most interest in an Open Session.
There can be a healthy discussion in the Open Session if there is a realization that
the population enrolled underrepresents a minority group, or there is an excess of
protocol deviations, or a delay in obtaining adjudicated results.

Many of the following summaries are also of interest for by-arm results. For
example, knowing that there are baseline imbalances in baseline disease severity
could impact how the DMC assesses safety data in other portions of their Closed
Session. And knowing that one group prematurely discontinued treatment more
than another could indicate excess toxicity.

D. Kerr
Seattle, WA, USA
e-mail: david.kerr@cytel.com

N. K. Rawat (P<))
Lantheus Medical Imaging (United States), King of Prussia, PA, USA

© The Author(s), under exclusive license to Springer Nature 63
Switzerland AG 2023

N. K. Rawat, D. Kerr (eds.), Data Monitoring Committees (DMCs),
https://doi.org/10.1007/978-3-031-28760-2_13


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-28760-2_13&domain=pdf
https://doi.org/10.1007/978-3-031-28760-2_13
mailto:david.kerr@cytel.com

64

D. Kerr and N. K. Rawat

Items to include that are not specifically safety or efficacy related (although can

provide insights into these domains) include:

CONSORT diagram (see below).
Information on participant screening — numbers screened.

e Screen failure.
e Reason for screen failure.

 Still in screening.
* Enrolled/randomized.

Study accrual — in Open Session discuss if enrollment is ahead of schedule or
behind schedule, and whether geographic distribution is as expected (not too
many any one location or certain minimum needed at some locations — any caps
or minimums required by geographic region, country or institution?)

* by month (perhaps graphically over time — see below),
* by location,

* by global region,
* by country,
e by institution,

Stratification (focusing on data used at time of randomization, but perhaps
including Case Report Form (CRF) version as well).

Demographics and Baseline disease characteristics — include the key factors that
might have a prognostic impact on the endpoint.

Key baseline laboratory values and other measurements.

Previous treatment usage and other similar information.

Eligibility violations (inclusion/exclusion criteria).

Post-baseline major/important protocol deviations.

Days between randomization and initiation of intervention.

Adherence to medication schedule.

e Duration on treatment.

*  Number off treatment (premature vs. completed) and reason why.
*  Number who have had at least one interruption, or reduction, etc.
e Kaplan—Meier curve to treatment discontinuation can be useful.

Participant intervention and study status.

e Duration on study.

e Number off study (premature vs. completed) and reason why (noting that very
few people should be prematurely off study, other than for those who died, for
well conducted long-term follow-up studies).

» Kaplan—-Meier curve to study discontinuation can be useful.

Attendance at scheduled visits.
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* Each expected visit — based on randomization date and cut-off date and the
nominal timing of each visit.

e Attended visit.
¢ Did not attend visit, but should have attended visit.
* Did not attend visit, since was previously discontinued from study.

¢ Currentness of data.

* Time from last visit to data cut off for those still on study.
* Time overdue from most recent visit attended to most recent expected visit for
those still on study.

e Timeliness and completeness of adjudication of endpoints.

* Time to endpoint being reported to site.

* Time to endpoint being entered in database.

* Time to endpoint package being sent to adjudication committee.
* Time to adjudication committee making a final determination.

» Standard but not particularly useful - DMC members only rarely have comments
on these tables when presented to them.

* Baseline medications.

* Post-baseline medications (unless very focused - for example post-baseline
use of lipid lowering drugs in a cardiovascular study, or use of other anti-
cancer regimens in an oncology study).

e Baseline medical history.

* Options — key safety data by country — not necessarily to look at events by arm
by country, but simply to see if the overall rates are similar or not. There have
been examples of the SAE rate being very different between geographic regions.
This may not introduce any bias necessarily in the by-arm results the DMC
reviews in Closed Session, but it can be helpful for the DMC to know if overall
rates are different across the regions.

A CONSORT diagram can be a quick way to present populations and disposition
and exposure data to the DMC as seen in Fig. 1.

An enrollment figure over time can be helpful, as seen in Fig. 2.

Review of disposition can give useful information to the DMC — an excess of
discontinuation from treatment on the active arm due to adverse events could indi-
cate safety concerns for the active arm, or an excess of discontinuations due to dis-
ease progression on the control arm could indicate positive efficacy for the active
arm. It is important to consider discontinuation from treatment as a separate vari-
able from discontinuation from study follow-up. In most time-to event studies, for
example, subjects should continue to have follow-up visits even in the case of pre-
mature discontinuation from treatment. The DMC should assess both by-arm differ-
ences as well as overall rates of discontinuation from treatment, and discontinuation
from study follow-up. In open-label studies, the DMC will want to carefully review
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early discontinuation from treatment and from study follow-up. Many studies have
seen an immediate imbalance emerge with an excess of discontinuations on the
control arm. In such studies it appears that the patients are enrolling, being random-
ized to the control arm, and then immediately withdrawing since they were not
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randomized to the ‘desirable’ active arm. This indicates that the Informed Consent
process is not effective, and could impact the interpretability of the study. The
options of the DMC to correct this are limited, but could include recommending
additional training on the Informed Consent process to ensure that all prospective
patients are truly amenable to participating on any of the randomized treatment
options.

Duration on treatment is useful for the DMC to assess, as many studies only col-
lect safety data through a certain period after last dose (e.g., non-serious adverse
events are only collected through 28 days after last dose). Therefore, an imbalance
of duration on treatment impacts the interpretation of safety data, in particular
adverse event data. Alternative approaches to presenting safety data may be needed
in the presence of imbalances in duration of treatment (e.g., AEs per 100
patient-years).

It is important for the DMC to review demographics and baseline disease char-
acteristics. In smaller studies, there may be baseline imbalances that will affect the
interpretation of safety data. One group may have subjects that are in a more severe
categorization, or more subjects are from a particular geographic region. In the face
of early baseline imbalances, the DMC should discuss in Closed Session whether
are prognostic implications to these that would affect the later review of safety
outputs.

The DMC is not usually charged with assessing the information fraction of the
primary endpoint (e.g., how many events have been seen so far compared to the final
number of events expected, and assessing when the number of events needed for
interim analysis or final analysis will occur). That typically is done by the study
team. The DMC can, and should, ask about timing and question the study team if it
becomes clear the study will take appreciably longer than expected (either due to
slow enrollment, or slow accrual of events in a time-to-event study, or for both
reasons).

Occasionally, the DMC or SDAC will be asked to help provide input on the event
projections. These are not necessarily based on confidential randomization informa-
tion but might be based on other confidential information. An example would be a
three-arm study — control vs. monotherapy vs. combination therapy. The study team
might be most interested in the two pairwise comparisons of monotherapy vs. con-
trol and combination therapy vs. control. There might be 300 events required in
each pairwise comparison of active therapy against placebo. If there were a total of
450 events, it could be that both comparisons have the needed number of events
(e.g., 180 vs. 135 vs. 135, yielding 315 in each pairwise comparison), or neither
comparison (e.g., 130 vs. 160 vs. 160, yielding 290 in each pairwise comparison),
orone (e.g., 140 vs. 145 vs. 165, yielding 285 and 305 in the pairwise comparisons).
Another example might be if a key biomarker is blinded to the study team. The
study might want a certain number of events in the ITT group, but also a certain
number of events from subjects who had baseline results that exceeded a key blinded
biomarker. The DMC or SDAC can be provided the data (both endpoint and bio-
marker) and periodically give updates to the study team so that study activities
can prepared in advance, without any knowledge of patient-level biomarker data.
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There is inference that can be gleaned by the study team from knowledge of even
this high-level information, especially if projections are provided on when the criti-
cal numbers of events will occur, so there should be a thoughtful pathway of com-
munication of this information.

The SDAC may also assist the Sponsor with randomization audits, particularly
early on in the study and particularly if there is a complex randomization schema.
The SDAC will ensure that patients are randomized properly according to the mas-
ter randomization schedule. The SDAC may check that the kits/assignments actu-
ally received match with the treatment assigned. The DMC is not necessarily
involved or informed — although if a true process error is discovered during the
randomization audit, then certainly the DMC should be made aware.

Some studies have provided pharmacokinetic (PK) data or had the DMC request
PK data. This can be a challenge if PK data analysis is batched and only analyzed at
the conclusion of the study or annually during the study. But it can be useful if the
DMC is being asked to endorse dose escalation in early-stage studies. And some
DMCs have requested PK data so that the SDAC can produce a summary of key AE
outputs by PK level, to determine if the AEs might be caused by over-dosing and
therefore help inform the DMC recommendations on what the best approach should
be. Generally, however, DMCs do not receive or request PK data.
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Abstract This chapter mentions materials that might be sent to the DMC outside
of the normal DMC meetings. These primarily are deaths, SUSARs, and/or SAEs.
The pros and cons of these are weighed and what the process could be to help the
DMC keep informed between DMC meetings without burdening them.
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Some data might be provided to the Data Monitoring Committee (DMC) in-between
data review meetings. The most common of these is to pass along important safety
events to the DMC. Examples would be providing listing or narratives of serious
adverse events (SAEs) or SUSARs (Suspected Unexpected Serious Adverse
Reactions) either in near real-time or on some periodic schedule such as monthly (in
that case, perhaps cumulative or perhaps incremental — or perhaps both — since the
previous transfer).

It is understandable that the DMC and the sponsor would want to keep the DMC
apprised of important safety events that occur in the months between DMC meet-
ings. However, the rationale is not always compelling. The DMC is at its most valu-
able when it is looking at by-arm results using cumulative data. There are typically
very few types of events where a single one or two instances of the event would
cause the DMC to have enough evidence to recommend action. (Examples of a
single event causing consternation might be anaphylaxis, PML, or Hy’s Law case —
or a death in a reasonably healthy population.) Instead, it can lead to distraction
from the DMC. A common response to a DMC receiving narratives from these
events is to question the clinical approach taken by the site, or the site-proposed
causality/relationship to study treatment. It is not the DMC’s job, however, to man-
age clinical care of a specific patient or to concern themselves with site-proposed
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causality/relationship to study treatment. The site, and the sponsor to a degree, takes
on the responsibility for patient care. The DMC can remind sponsor and sites if
protocol-specified procedures or region-specific best practices are not being fol-
lowed — but that should not be based on single anecdotes.

Typically, these periodic safety events are provided to the DMC without treat-
ment information. If requested, the Statistical Data Analysis Center (SDAC) should
be able to provide the treatment information. (It is important that the SDAC has
access to randomization information in real-time without needing to obviously
request it. If a subject was recently randomized and the DMC felt it was critical to
obtain the treatment, the SDAC should be able to get that randomization informa-
tion without alerting the sponsor of that fact.) This would be important if, indeed,
the safety event was important enough, unto itself, to possibly warrant a DMC rec-
ommendation for action. The DMC can call an ad hoc meeting if needed to review
the case and propose action.

Less common, but likely more helpful, is to pass along a tabulation of safety data
periodically. For example, a table of SAEs presented by-arm (using the proper
denominators of all subjects at risk as of this time), accompanied by a listing of the
incremental SAEs since the previous transfer could be helpful, especially early in
the study and if the time between DMC meetings is lengthy.

The value of having periodic safety events provided is greatest early in the study,
particularly if there is not yet much knowledge of how this new treatment impacts
this patient population.

The process for these periodic safety events should be specified in the DMC
Charter. These outputs might go to the full DMC, or just the DMC Chair, or just the
DMC members who have the clinical expertise to review them (e.g., not the DMC
statistician). There might be formal written acknowledgment from the DMC Chair
that there was or was not action needed, although more frequently there is no such
paperwork. The DMC Charter might encourage that the frequency or filter change
as the study database matures. For example, the frequency might start monthly, but
then go to bi-monthly after the first year. Or it might start by providing all SAEs, but
after the first year only pass along fatal events.

There typically is no formal monitoring plan for these events. However, some
studies have implemented plans. For example, the DMC might start reviewing
Grade 3 infections starting after the fourth Grade 3 infection is seen, and be pro-
vided treatment arm information, with specific guidance for when an ad hoc meet-
ing should be called based on by-arm difference (e.g., >4 vs. 0, >6 vs. 1, >8 vs. 2).
The SDAC would assist in receiving information in real-time and unblinding cases
and working with the DMC.
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What Types of Formal Interim Analyses
Does the DMC Review?

Lingyun Liu and Cyrus Mehta

Abstract This chapter is an in-depth discussion of formal interim analyses of adap-
tive clinical trials with examples, only gently touching on advanced statistical the-
ory. Adaptive designs can include guidelines to stop the study or a treatment arm
early, or to perform a sample size re-estimation. These adaptive designs can focus
on stopping for overwhelming benefit, or for futility. In all cases, both the statistical
methodology and the communication plan used must ensure integrity of study
results. Numerous examples are provided to illustrate key concepts such as
the O’Brien Fleming error spending function for generating early stopping boundar-
ies, and use of conditional power, for futility stopping or to identify the promising
zone for sample size re-assessment.
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Adaptive designs have been increasingly used in clinical trials as alternatives to
traditional fixed sample designs over the past decade to improve the efficiency
of clinical development. The FDA guidance on adaptive design in 2019 (FDA 2019)
[5] defines adaptive design as a clinical trial design that allows for prospectively
planned modifications to one or more aspects of the design based on accumulating
data from subjects in the trial. The guidance document also highlights a few advan-
tages for adaptive designs over non-adaptive designs including statistical efficiency,
ethical considerations, improved understanding of drug effects, and acceptability to
stakeholders. The efficiency of adaptive designs comes from the flexibility to mod-
ify the studies according to pre-specified rules based on cumulative data already
observed from the trial itself. Adaptive designs can be applied to all phases of clini-
cal development. The types of adaptations could include early stopping for efficacy
or futility, sample size re-estimation, treatment selection, population enrichment,
and response adaptive randomization. Sponsors or other parties involved in trial
conduct are typically strictly blinded to the interim results for protecting the study
integrity. To implement the adaptations in adaptive Phase 2 or Phase 3 confirmatory
trials, an independent board is needed to review the unblinded interim data and
make recommendations to sponsors. This role is beyond the traditional role for Data
Monitoring Committee (DMC) which is to monitor the safety and protect trial sub-
jects. FDA guidance (FDA 2019) [5], Sanchez-Kam (2014) [6], and Antonijevic
et al. (2013) [7] have discussed two models for implementing the adaptation deci-
sions. One model is to use another committee (adaptation committee) to review
unblinded interim data and make adaptation decisions. The other model is to have
one single DMC for both tasks: safety monitoring and adaptation decision. Although
both models could work and there have been trials using both models, it has been
recognized that the model with two separate committees could lead to conflict rec-
ommendations made by two groups. Therefore, a single DMC with all the needed
expertise could be more efficient to monitor adaptive trials and make adaptation
decision, and this is the more commonly used model in practice.

Regardless of the endpoint used for the study, formal interim analyses need to
properly account for the repeated nature of conducting statistical tests prior to the
final analysis. It is entirely incorrect to simply assess the endpoint at a nominal
critical p-value of 0.05 at each meeting. Such an approach would inflate the Type 1
error — leading to studies to be recommended to stop early too frequently, simply by
chance due to the repeated testing. For example, ignoring the correlation of repeated
tests, if a study had two interim assessments and a final assessment — all done at the
0.05 level — the chance of a positive result would be 0.14 even in the presence of no
treatment effect. On the flip side, one does not need to use critical values of 0.05/3
or similar algorithms that simply sum to 0.05 over the two interim and one final
assessment. That would be overly conservative, resulting in substantial loss of
power. The correlations between the p-values at the different meetings can be
employed to find an efficient statistical approach that preserves that Type-1 error.
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Various statistical approaches have been created to ensure that there is no Type
1 error inflation. The most common is the O’Brien-Fleming approach. The critical
p-value at different interim analyses is adjusted based on the percent of informa-
tion available and the amount of the Type-1 error that one is allowed to spend at
that interim analysis time point. (This information fraction depends on the end-
point — for time-to-event studies it is the current number of events divided by the
final expected number of events. For an endpoint such as Week 12 assessment, it
will be the number of subjects who have that Week 12 assessment divided by the
number of subjects to be enrolled.) The O’Brien-Fleming approach allows great
flexibility in its input parameters to allow for more or less restrictive early stop-
ping. But one does not get something for nothing. For a design with one or
more interim analyses and an overall Type-1 error of 0.05, the final analysis will
have a p-value less than 0.05 because some of the alpha will have been spent ear-
lier. However, in many cases, it is a minimal amount, and the great value of early
stopping is more than outweighed by having the final analysis based on a p-value
criterion of 0.048 (for example). Error spending functions can be used for both
assessing benefit and for assessing futility. One or both can be used at a formal
interim analysis.
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Figure 1 shows a typical funnel-like shape of the early stopping boundaries if
both benefit and futility are assessed. These boundaries are generated by a popular
error spending function called the Lan and DeMets O’Brien-Fleming error spending
function. Due to its conservative nature, more dramatic results are required for early
efficacy stopping at the beginning of the trial. In this example, at the third interim
analysis, the results exceed the criteria to declare benefit so that the trial may be
stopped early.

Conditional power is often provided to DMCs to assess the likelihood of success
if trial continues. This is used most frequently when assessing futility. The condi-
tional power asserts what is the likelihood of a successful result, given the current
results. It is important to pre-specify and communicate in advance what the antici-
pated future results are based on:

e Assume hypothesized treatment effect going forward.

* Assume observed treatment effect going forward.

e Assume null treatment effect going forward.

* Assume an averaged treatment effect (between observed and hypothesized)
going forward.

In practice, conditional power is often evaluated at the observed treatment effect.
However, the observed treatment effect has variability for which conditional
power cannot account for. Predictive power is another approach to govern the sam-
ple size adaptation (Mehta et al. 2022) [9]. Predictive power is the conditional
power averaged over the prior distribution of the treatment effect updated by the
interim data. Mehta et al. (2022) [9] compared the promising zone design based on
conditional power to the design using predictive power. It was concluded that the
operating characteristics of the design using conditional power for adaptation is
similar to the one using predictive power with informative prior. If the prior is non-
informative, the promising zone based on predictive power starts to increase sample
size for larger z,. Therefore, the design based on predictive power is more conserva-
tive compared to the one based on conditional power. For both sample size adapta-
tion rules based on conditional power and predictive power, one can potentially
calculate the observed treatment effect with the knowledge of new sample size
under the continuous sample size increase rule for which the sample size is increased
to achieve a target conditional power or predictive power subject to a cap. There-
fore, it is important to consider the communication of the new sample size for such
adaptive design. One solution is to only inform the sites to continue enroll-
ment instead of communicating the exact sample size. The alternative solution is to
use a flat or step function for sample size increase.

A DMC might be provided guidance to recommend stopping for futility if the
current conditional power is <20%, assuming that future results are based on the
hypothesized treatment effect. Or the DMC might be provided guidance to recom-
mend stopping for benefit if the conditional power >90%, assuming a null treatment
effect going forward.

Besides recommendations to simply stop for benefit or futility, the DMC can be
used for other adaptations. The most frequently used are adaptions to the sample
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size. Other adaptations include dropping of treatment arms in a multi-arm trial and
selection of a sub-group for going forward (also known as population enrichment).
In what follows, we shall provide examples of these different types of adaptations.

Focusing on adaptations to sample size, algorithms can be provided as guidance
to the DMC on increasing or decreasing the statistical information (quantified in
terms of number of patients or number of events) needed to have a compelling
answer to the question of interest — does this new treatment differ from a control
arm? This is an appealing idea. One would hate to finish a study and have a p-value
of 0.08 and wish that another 100 patients or events had been collected. There are
statistical approaches that maintain statistical integrity when analyses along these
lines are conducted by the DMC using access to unblinded results by treatment arm.
Figure 2 shows graphically the philosophy of this, using the example from the Valor
study (discussed further later in this chapter).

Recommendations from the DMC to the sponsor should generally exclude any
details of the interim analysis results. In addition, the recommendation made by
the DMC should be communicated in a way that does not convey, indirectly, infor-
mation on the unblinded interim results. For example, in adaptive design trials with
sample size adaptation, knowledge of the sample size adaptation algorithm and the
new sample size could allow back-calculation of interim treatment effect size. This,
in turn, might bias the study outcome if investigators having knowledge of the cur-
rent estimate of treatment effect selectively exclude patients from the trial. For such
designs, it is important that the communication on adaptation decision should be
made in a way to minimize the information which might be inferred. Therefore,
careful planning with respect to the information to be communicated after interim
analysis is very important. There are alternative approaches to preventing the back-
ward calculation/reverse engineering of treatment effect estimates by carefully
designing the adaptation rules. For example, if the sample size is increased after
interim analysis, trial sites could be informed that the targeted enrollment number
has not been reached yet rather than being informed about the exact new sample
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size. Alternatively, one could use step functions for sample size increase rather than
a continuous sample size increase rule to limit the knowledge that can be inferred
from knowing the target sample size. Knowing that the study will go beyond its
originally intended number of patients/events is informative, but hopefully mini-
mally so. Even so, it would be best practice not to make public what exact statistical
methodology for the sample size reassessment is being used.

Algorithms can be provided to the DMC to assess dosing. For example, a study
might be initiated with placebo vs. low dose vs. high dose. Based on efficacy results
halfway through the study, the DMC might be tasked with recommending

* Stop the study for futility (both active arms performing worse than placebo).

* Stop one active arm (the other active arm is performing appreciably better than
both placebo and the other arm).

» Keep the study going (both active arms are doing better than placebo, but neither
active arm is appreciably better than the other).

The DMC charter will need to state how a change in dosing or future enrollment
is communicated — perhaps by restricting that information only to the vendor
responsible for randomization and treatment and to the drug-supply vendor. It will
need to be made clear how subjects enrolled on a stopped arm are handled — are they
treated with their current treatment (with no further enrollment into that arm) or do
they have treatment stopped entirely or do they cross-over to take the treatment that
is continuing.

The DMC might be tasked to evaluate results and make recommendations on
subgroup results — for example PDL1 levels in an oncology study. A recommenda-
tion might be made to change from enrolling “all comers” to instead only enrolling
subjects with PDL1 > 5%. The subsequent statistical analyses will need to be care-
fully controlled for the fact that decisions were made midway through the study
based on the results seen at this interim review.

The DMC might also be tasked to review results in a “seamless” Phase 2/3 study
and evaluate whether to initiate the Phase 3 portion. A situation here might be where
the Phase 2 component is evaluating 2 or more active doses against a control arm,
and the Phase 3 study will continue just a single preferred dose against a control arm.

In all the above cases, it is essential that regulatory agencies fully understand the
approach and endorse if the study will be used for filing purposes. Having the oper-
ating characteristics well established by simulation studies is a key factor. The DMC
as well as non-statisticians within the sponsor organization must also understand the
operating characteristics, and how to interpret statistical analyses at the conclusion
of the study. Again, since nominal p-values at the time of the final analysis are likely
biased due to the interim reviews and resulting decisions made, appropriate statisti-
cal adjustments must be made to the final analysis.

Exposure of interim results can be devastating to study integrity. Any updates
to the protocol (e.g., entry criteria, statistical analysis) may be misinterpreted by
investigators with access to this information, resulting in selective exclusion of
patients. Sites may act differently — either slowing enrollment or enrolling differ-
ent subjects or acting differently in treating patients or entering data after learn-
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ing about the interim results. Therefore, DMCs should be very leery of sponsors
who wish to conduct interim analyses for “business purposes,” rather than to
specifically generate a recommendation to stop for efficacy or futility. Some
sponsors assert that they need to learn about trends at a certain time so that
money can be raised for future studies, or to start building production facilities,
or to start planning studies, or to trigger regulatory activities. DMCs should feel
free to push back on this or, at minimum learn more about the communication
plans/data access plans for how that confidential interim data will be handled.
These plans should reinforce that all confidential information should be dis-
closed on a “need to know” basis only — and recognize the damage to study
integrity that would result from that information being disseminated further
within the company and outside the company.

Examples of Formal Interim Analyses Conducted by DMCs in Group
Sequential and Adaptive Trials

Example: Group Sequential Design with a Single Primary Endpoint

e Study needs 400 progressions or deaths (note — number of actual subjects
enrolled is irrelevant).

* Sponsor interested in assessing futility early, and both futility and benefit with
data that is more mature.

* Endpoint is log-rank test of time to progression or death (censored for those still
alive without progression), stratified, with hazard ratio < 1 indicating reduction
in hazard in favor of experimental arm, overall alpha is 1-sided 0.025.

* Possible formal monitoring boundaries for DMC.

One possible set of stopping boundaries is shown in Table 1.

The statistical data analysis center (SDAC) may need to re-compute boundaries if
the actual information is not exactly what was specified. For example, the protocol
might assume the formal analysis takes place when 50% of information is reached
(200 subjects had died or had disease progression, out of the 400 needed for the final
analysis). However, at the time of the data snapshot for the interim analysis, there
have been 210 subjects who have died or had disease progression. One approach
would be to truncate analysis at the date at which the 200th subject had died or had
disease progression. But most would agree that removing useful information is not
helpful and would want to include all data. The boundaries would be recomputed to
reflect the 53% of information currently available and that boundary used by the data
monitoring committee (DMC) as it reviews information from all 210 events.

Table 1 Example of Stopping Boundaries with One Primary Endpoint

Futility if | Futility if 1-sided Benefit if 1-sided
Look |Events | % Info |HR p-value Benefit if HR | p-value
IA#1 |200 50% HR>10 P>0.0
IA#2 |300 75% HR>09 |P>0.30 HR < 0.7 P <0.003
Final |400 100% HR <0.75 P <0.024
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Example: Group Sequential Design with Co-primary Endpoints

e co-primary endpoints of progression free survival (PFS) and overall survival
(OS). Need 300 PFS, and 400 deaths. (More deaths are required because the
expected treatment difference is smaller for evaluating deaths, hence more events
are needed to have an adequately powered analysis),

* PFS co-primary endpoint will be observed sooner, as there are fewer events and
they will accrue sooner by definition (since every OS is also part of PFS endpoint).

» Assess futility on PES early, and then both futility and efficacy for PFS mid-
study. OS will be evaluated for efficacy mid-study and at the time of final PFS
analysis.

One possible set of stopping boundaries is shown in Table 2.
Example: Adaptive Design with Sample Size Re-estimation

* Promising zone employed to possibly increase sample size if results are not
clearly going to show efficacy at the current sample size but is promising to be
significant with an increased sample size.

* Planned analysis with a total sample size of 442. Interim at 208.
 If conditional power >0.8, leave at 442.

 If conditional power 0.3-0.8, increase sample size to 884.

 If conditional power 0.1-0.3, leave at 442.

 If conditional power <0.1, recommend stopping the study for futility.

Four clinical trials will be presented next each with different types of design
features. The REDUCE-IT trial is a real clinical trial which utilized group sequen-
tial design to assess efficacy at interim analyses. It illustrates the benefit-risk infor-
mation DMC reviews at interim. The second example is VALOR trial which used
adaptive design with sample size re-estimation to boost the study power. The
ADVENT trial is an example of seamless Phase II/III design which combined Phase
II dose selection and Phase III confirmatory testing in a single trial for registration
purpose. The last example on TAPPAS trial has an adaptive enriched design which
provides the option to enrich the study population based on interim results.

Example: Group Sequential Design-REDUCE-IT Trial:

Group sequential design is the most popular alternative design to fixed sample
design in clinical research. Such design repeatedly assesses the cumulative data at
interim analyses to allow early stopping for safety, efficacy, or futility. The criteria

Table 2 Example of Stopping Boundaries with Co-Primary Endpoints

PES % Futility if | Benefitif |OS % Futility if | Benefit if
Look |Events |Info |HR HR Events |Info |HR HR
IA#1 | 100 33% |'HR>1.0
TA#2 200 66% 'HR>009 HR<0.6 |100 25% HR < 0.5
Final | 300 100% HR < 0.7 |200 50% HR < 0.6
PFS
Final 400 100% HR <0.75
oS
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for efficacy stopping must be pre-specified to control the overall type | error. The
REDUCE-IT trial used group sequential design. The REDUCE-IT (Olshansky et al.
2021) [8] study was a randomized placebo-controlled cardiovascular outcomes trial
in patients treated with statins, who had controlled low-density lipoprotein choles-
terol, but persistently elevated triglycerides along with overt presence of or high risk
for cardiovascular disease. The primary endpoint for this study was time from ran-
domization to first occurrence of a composite of cardiovascular death, non-fatal
myocardial infarction, non-fatal stroke, coronary revascularization, or unstable
angina requiring hospitalization. The trial was planned to enroll 6990 patients and
observe 1612 events for targeting 90% power to detect 15% relative risk reduction
from an event rate by 4 years of 23.6% in the placebo group to 20.5% in the experi-
mental treatment group assuming an 18-month enrollment period and a median fol-
low-up of 4 years. To protect against the possibility that the actual placebo event rate
is lower than estimated, an extra 1000 patients will be enrolled (approximately 7990
patients in total). One interim analysis was planned at 967 events which corresponds
to 60% of the total number of primary endpoint events. The efficacy stopping bound-
ary was determined based on O’Brien-Fleming error spending function. The critical
boundary on the p-value scale at interim is 0.0076 and the final boundary is 0.0476.

The study enrolled 8179 patients in total and observed 1606 primary endpoint
events. In addition to the first interim analysis at 60% events, a second interim
analysis was taken when 80% events (1218 events) were observed with p-value
boundary 0.0211. The final boundary is 0.0437 adjusted to account for interim anal-
yses and the final observed total events of 1606.

The interim results of the study were reviewed by an independent DMC. The
analyses were performed by the SDAC unblinded to the treatment assignment. A
single DMC review board was planned to review both efficacy and safety data to
make recommendation to the sponsor. The DMC included two physicians, a statisti-

Supportive Test for Primary

Test for Primary Endpoint — Endpoint

Individual components of primary Trending to the right direction in
composite endpoint trending to

right direction

I

each region

Safety outcomes

Control Group as Expected l

Fig. 3 Interim decision tree
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cian, and a non-voting independent statistician. The DMC reviewed the interim data
based on a pre-specified decision-making process including assessment of safety,
treatment arm performance, primary endpoint analysis and internal robustness anal-
ysis. Figure 3 is the modified decision process for illustration purpose which were
developed at the design stage to guide DMC for decision making. The DMC would
review the primary test for the primary endpoint based on log-rank test. If the pri-
mary test is significant, the supportive test for the primary endpoint based on Cox
regression model should be reviewed. If the supportive test is also significant, DMC
should check the treatment effect in terms of hazard ratios in each region and make
sure all the hazard ratios trend to the right direction. If treatment effects in all regions
trend to the right direction, the next step is to check whether the individual compo-
nents of the primary composite endpoint also trend to the right direction. DMC also
need to check if the observed control group event rate was as expected by perform-
ing a meta-analysis with all studies involving the control treatment. Last, DMC
needs to check whether there are any safety issues which warrant continuous fol-
low-up of the patients. The DMC might recommend stopping the study for efficacy
if all the assessment criteria in Fig. 3 are met. Although the study crossed the effi-
cacy boundary at both interim analyses, DMC discussed the overwhelming efficacy
results and considered historical examples of failed cardiovascular outcome studies
for triglyceride lowering and mixed omega-3 therapies. The DMC recommended
study continuation weighing in the importance of a more mature data set to support
robustness of final efficacy and safety findings.

Example: Adaptive Sample Size Re-estimation-Valor Trial:

The Valor study is a phase 3, double-blind, placebo-controlled trial conducted at
101 international sites in 711 patients with acute myelogenous leukemia (AML).
Patients were randomly assigned 1:1 to vosaroxin plus cytarabine or placebo plus
cytarabine stratified by disease status, age, and geographic location. The primary
and secondary efficacy endpoints were overall survival and complete response rate.
The trial was initially planned to enroll 450 patients and target 375 events to detect
an improvement in median survival from 5 months to 7 months with hazard ratio
0.71 with 90% power. However, if the true hazard ratio is 0.77 which is worse than
0.71 but still clinically meaningful, the study only has 70% power. To mitigate the
risk of being underpowered, one interim analysis was planned when 50% death
events were observed to increase both the planned events and sample size by 50% if
the interim results fell into the promising zone. Early stopping for efficacy was also
possible which was based on O’Brien-Fleming efficacy boundary derived from the
Lan and DeMets (Lan and De Mets 1983) [12] error spending function. If the trial
did not cross the efficacy boundary at interim time, the interim results were parti-
tioned into the following zones based on conditional power:

* Futility: CP < 5%.

e Favorable zone: CP > =90%.

e Promising zone: 30 <= CP < 90%.
e Unfavorable zone: CP < 30%.

If the conditional power was below 5%, the study might be stopped for futility.
If the trial fell into the favorable zone or unfavorable zone, the plan was to continue
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Fig. 5 Sample size/events adaptation rule

the study as initially planned to enroll 450 patients and observe 375 events. If the
trial fell into the promising zone, it was planned to enroll 676 patients and observe
562 events. The interim decision tree is depicted by Fig. 4.

At the time of the interim analysis, the SDAC prepared the report based on the
interim analysis plan. After reviewing the interim results, the DMC made the rec-
ommendation to increase the sample size/events according to the pre-specified
adaptation plan. The promising zone as originally intended would increase the num-
ber of events by targeting a conditional power of 90% and increase sample size
proportionally to events. Such rule is shown by the left panel in Fig. 5 which could
potentially allow backward calculation of the treatment effect observed at interim
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and hence undermine the study integrity. The VALOR trial ultimately employed a
flat increase rule in events and sample size shown by the right panel of Fig. 5, which
could prevent backward engineering of the treatment effect.

Although there was no significant difference in the primary endpoint between
groups, the pre-specified secondary analysis stratified by randomization factors sug-
gests that the addition of vosaroxin to cytarabine might be of clinical benefit to some
patients with relapsed or refractory acute myeloid leukemia.

In practice, conditional power is often evaluated at the observed treatment effect.
However, the observed treatment effect has variability for which conditional power
cannot account for. Predictive power is another approach to govern the sample size
adaptation (Mehta et al. 2022) [9].

Example: Seamless Phase II/III Design-ADVENT Trial:

The ADVENT trial was a randomized, double-blind, placebo-controlled two-
stage adaptive clinical trial to assess the efficacy and safety of Crofelemer in patients
with HIV-associated diarrhea. The study consisted of two stages where the objective
of the first stage was to perform a dose selection and the second stage was to con-
firm the efficacy of the selected dose compared to placebo. The primary endpoint
was control of watery bowel movements over a 4-week period. A patient who had
less than two watery bowel movements per week over a 4-week period was classi-
fied as a responder.

Stage 1 enrolled 50 subjects per arm for the three active dose groups (125, 250,
500 mg) plus placebo. After selecting the right dose, the plan was to randomize
additional 150 subjects equally to the selected dose and placebo. The final analysis
combined all the data from Stage 1 and Stage 2 to test the treatment effect of the
selected dose against placebo. Under the assumption that the rate for placebo was
35% and two low doses have no effect and high dose has 20% improvement, this
design provided 80% power to detect the treatment effect while controlling the
overall type 1 error rate at one-sided 0.025 level using the methodology in Posch
et al. (Posch 2005) [10]. The design is depicted by Fig. 6.

In this study, a single DMC was used to monitor the safety and efficacy. The
DMC included three voting members with medical experience in gastroenterology,
HIV disease, and the conduct of clinical trials. The DMC had the traditional respon-
sibility to monitor the ongoing safety by examining unblinded AE and SAE data. In
addition to monitoring the safety of the trial participants, the other major responsi-

Fig. 6 Two-stage adaptive Stage |:
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bility was to implement the pre-specified dose selection criteria. The selected dose
was revealed only to those personnel required to prepare and ship the study drug for
Stage 2. The study also had a consulting statistician as a nonvoting member of the
DMC. The consulting statistician played a dual role: (1) perform interim analysis
according to the interim statistical analysis plan, (2) explaining the finer aspects of
the adaptive design.

The dose selection criteria were as follows:

1. Assuming there are no safety issues, the Crofelemer dose selected for Stage 2
will be one for which the primary efficacy variable is at least 2% greater than the
other Crofelemer treatments.

2. If two or three treatments groups are less than 2% of each other, and there no
safety issues, the lowest of these doses will be selected for Stage 2.

Figure 7 shows the timing for the major milestones and events for the ADVENT
trial. Stage 1 of the trial enrolled 194 subjects with 44 subjects for 125 mg, 54 for
250 mg, 46 for 500 mg, and 50 for placebo. The enrollment was paused until all
Stage 1 subjects completed the placebo-controlled treatment period, the interim
analysis and decision for Stage 2 were completed. The time point at which the last
of the 194 subjects had completed the 4-week treatment period marked the start of
the interim analysis period. After data were cleaned, a data cut was taken, and the
cleaned interim data were sent to the independent statistician from the CRO. The
independent statistician then compiled the necessary efficacy and safety tables and
listings, prepared an electronic copy of the interim analysis report. A DMC meeting
was then convened. The second column in Table 3 shows the response rates for each
arm. Based on the assessment of efficacy and safety and the dose selection criteria
outlined in the DMC charter, the lowest dose of 125 mg Crofelemer was recom-
mended for Stage 2 by the DMC. Figure 8 shows the information flow for the

Stage 1 Last patient Data clean up bMC Stage Il
enrollment complete and database meeting enrollment
treatment lock reopen
!
59& A”Q@ f&@ & &
,\‘\'& ) 5\0\ ,\§ Qoon’ V\>°<;
& ~ & & N
Fig. 7 Milestones and events
Table 3 Results for primary Dose Stage 1 Stage 2
efficacy endpoint Placebo | 1/50 (2%) | 10/88 (11.4%)
125 mg | 9/44 (20.5%) | 15/92 (16.3%)
250 mg | 5/54 (9.3%)
500 mg | 9/46 (19.6%)
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Fig. 8 Interim analysis and DMC meeting

interim analysis and DMC recommendation to the sponsor and study team. Imme-
diately upon termination of the DMC meeting, four notification memoranda were
prepared, one for the medical monitor, and three for the drug distribution vendors
responsible for quality assurance, clinical supply management, and IVRS. The
medical monitor was only notified that a dose had been selected without identifying
the dose. The three drug distribution vendors were given the identity of the selected
dose. This marked the end of the interim analysis period. Enrollment was resumed
to the selected dose and placebo. The duration of interim analysis period was kept
at just 8 weeks.

To protect the study integrity, very strict procedures were applied to prevent from
the interim results leakage. All analyses were prepared by the SDAC who had no
direct involvement in the study conduct such as site monitoring and data manage-
ment. The statistical software files used to prepare data tables, listings, figures, and
the interim analysis report were stored securely such that neither the sponsor nor
contract research organization (CRO) could access them. The randomization code
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was stored on a computer that sponsor could not access, and the selected dose was
revealed only to those personnel required to prepare and distribute the study drug
for Stage 2.

In the traditional drug development paradigm, sponsors are responsible for dose
selection. But for trials with seamless two stage adaptive design, sponsors are typi-
cally blinded to the selected dose to prevent potential operational bias. DMC review
interim efficacy and safety data to make dose recommendations on behalf of the
sponsors. Although the dose selection rule was laid out in the DMC charter, the rule
was just a guidance. If there are safety concerns or the dose response pattern was
beyond expectation, it might be very challenging to make the dose recommenda-
tion. If such scenarios happen, DMC might reach out to the Sponsor Liaison to
discuss. The Sponsor Liaison personnel should be identified prior to interim analy-
sis. Furthermore, if there is a plan to do accelerated submission based on the interim
results, a separate team should be identified a priori to prepare the submission pack-
age. Since this team would have been unblinded in preparing the submission pack-
age, they cannot be involved in the study conduct going forward.

The other special aspect about the ADVENT trial was that the enrollment was
halted after Stage 1 enrollment was completed so that the results of the first cohort
of patients could be completed and the selected dose could be given to all the
patients in the second cohort. This was possible because the study endpoint was
observed fairly quickly, in four weeks. It is usually not feasible to pause the enroll-
ment during the interim analysis because the sites that are enrolling patients, if shut
down, would be difficult to re-open for the same trial. This is more common for
enrollment to continue while the data from the first cohort are being analyzed and
presented to the DMC. In this case, some of the patients who are enrolled into the
second cohort while the interim analysis of the first cohort is being conducted will
be randomized doses that will eventually be dropped and thus will not contribute to
the final analysis. Therefore, it is very important to minimize the interim analysis
time to avoid too much overrun.

It is also very important to keep the identity of the selected dose blinded to all
parties except the ones who need to handle drug supply to avoid the potential opera-
tional bias. This is the case in trials for which it might take long time for the treat-
ments to reach the clinically meaningful effects. Dose selection based on the primary
endpoint might not be feasible in such trials since enrollment would have been com-
pleted by the time all Stage 1 patients complete the assessment for the primary end-
point. Dose selection is often based on biomarker or surrogate endpoints in trials
with survival or longitudinal outcome. For example, Carreras et al. (2015) [11] dis-
cussed adaptive seamless designs with interim treatment selection with survival data
in oncology trials. In such trials, overall survival takes longer time to accrual enough
events to differentiate the different doses. Progression survival or tumor response
rate might be used as surrogate endpoint for dose selection. At the time of interim
analysis, patients who are enrolled in Stage 1 are still being followed for the primary
endpoint. These patients who are still being followed for the primary endpoints after
interim analysis should not have the knowledge about the selected dose since know-
ing the identity of the selected dose could lead to unexpected dropouts prematurely
and ultimately impact the statistical power of the study and/or introduce bias.
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Example: Adaptive Enrichment Design-TAPPAS Trial.

TAPPAS was a multinational, multicenter, open-label, parallel-group, phase 3
randomized clinical trial of TRC105 plus Pazopanib versus Pazopanib in patients
with cutaneous and non-cutaneous advanced angiosarcoma. The primary endpoint
was progression-free survival. The key secondary endpoint was overall survival.

There were a few factors which contributed to the decision for utilizing the adap-
tive enrichment design for TAPPAS trial. First, there was some indication that
TRC105 might work better for the cutaneous subgroup but there was not enough
data to preclude the scenario that TRC105 works for the full population. Due to the
ultra-orphan status of the disease and the paucity of reliable prior data on PES or
OS, an adaptive design with an unblinded interim analysis to modify the study in the
following two aspects was implemented: sample size re-estimation and population
enrichment. The study was initially designed to enroll a total of 190 subjects and
collect 95 PFS events. This sample size provides 83% power at one-sided signifi-
cance level 0.025 to detect an improvement in median PFS from 4 months to
7.27 months which corresponds to a hazard ratio of 0.55. To control the family-wise
error rate, a novel approach proposed by Jenkins (Jenkins 2011) [13] was used
which split the patients and PES events into two cohorts with 120 patients for Cohort
1 and 70 patients for Cohort 2. Such approach allows DMC to fully use all available
data at the time of interim analysis and use clinical judgment to make recommenda-
tion to the sponsor for the second stage of the study. The plan was to collect 60 PFS
events from Cohort 1 and 30 events from Cohort 2. An unblinded interim analysis
was planned when 40 PES events were observed from Cohort 1 or 30 days after 120
patients enrolled. Figure 9 shows adaptations for Stage 2 after DMC reviewing all
the data from Cohort 1 patients.

After 40 PFS events were observed, conditional power for the full population and
cutaneous subpopulation would be computed, denoted by CF and CF respectively.
The interim results of the trial were classified into four zones based on conditional
power in the full population and subpopulation. If CFr > 95%, the trial was consid-
ered falling into the favorable zone where the trial will continue as planned to enroll
70 patients and collect 35 events for Cohort 2. If 30 % < CFr < 95%, the trial was
considered falling into the promising zone where sample size increase will be trig-
gered. In the promising zone, the plan was to enroll 220 patients and collect 110
events for Cohort 2. If CFr < 30% and CF; > 50%, the trial was considered falling
into the enrichment zone where the enrollment for Cohort 2 would be restricted to
the cutaneous subgroup to enroll 160 patients and collect 110 events. The other zone
was unfavorable zone which was defined as CF; < 30% and CFs < 50%. In the
unfavorable zone, the trial would continue as planned to enroll 70 patients and col-
lect 35 PES events. Note that Cohort 1 was not modified no matter what the interim
results were and only Cohort 2 was adapted if the trial fell into the promising zone
or enrichment zone.

Conditional power is the probability of achieving statistical significance assum-
ing the observed trend continues after interim. Let Z denote the Wald statistic
(i.e., standardized log rank statistic) at the interim analysis comparing treatment to
control in the full population, d; =95 denote the total number of events initially
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planned for the trial, and d” =40 denote the number of events at the interim analy-
sis. The conditional power could be computed by the following formula assuming a
1-sided significance level of a.

- dr df dl —df
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Similarly, let d’ be the number of events for cutaneous subgroup at interim
time, d; =110 be the total number of events for cutaneous subgroup at final analy-
sis in case of enrichment, Z be the Wald statistic for cutaneous group at the interim
analysis. Then the conditional power for the cutaneous subgroup is given by
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Table 4 Example scenarios for interim results

z a &z R P
-2.2 40 95 -1.5 18 110 97% 97 %
-1.5 40 95 -0.8 18 110 68% 51%
-1 40 95 1.2 18 110 29% 86%
-1 40 95 -0.7 18 110 29% 40%

Where @ denotes the cumulative distribution function of the standard normal
distribution. This definition of conditional power assumes negative values of the
Wald statistic indicate estimated hazard ratios below 1, i.e., outcomes favorable to
the experimental arm.

Table 4 illustrates the possible scenarios for the interim results. The first scenario
shows a scenario where the trial falls into the favorable zone with conditional power
for the full population greater than 95%. The second scenario corresponds to the
interim result falling into the promising zone where the conditional power for the
full population is greater than 30% and below 95%. The third scenario shows that
the conditional power for the full population is below 30%, but the conditional
power for the cutaneous subpopulation is greater than 50%. The last scenario cor-
responds to the one where conditional power for full population is below 30% and
the conditional power for the cutaneous subpopulation is below 50%.

In TAPPAS trial, the DMC consisted of two clinicians and one statistician. The
DMC was tasked to provide oversight of safety and efficacy considerations and
provide advice to the sponsor regarding actions the DMC deemed necessary for the
continuing protection of patients enrolled in the trial. The DMC was also charged to
monitor study design assumptions, determine whether the overall integrity and con-
duct of the study remained acceptable, advise on administrative changes to the pro-
tocol and make recommendations on procedures for data management and quality
control. In addition, the DMC would also consider factors external to the study
when relevant information became available, such as scientific or therapeutic devel-
opments that might have an impact on the safety of the participants or the ethics of
the trial. Last, the DMC would periodically review accumulating safety data and
make recommendations to the sponsor to continue, terminate, or modify the study
based on the interim results. At the time of the planned interim analysis of efficacy,
the DMC would make recommendations on the final sample size and/or population
by the pre-specified adaptive design rules.

The responsibility of the sponsor included scheduling and facilitating DMC
meetings, notifying the DMC of all changes to the protocol or study conduct, over-
seeing the collection and delivery of safety and efficacy data to the statistical analy-
sis center, and communicating DMC recommendations to investigators, regulators,
and study participants, as appropriate.

For the TAPPAS trial, the SDAC consisted of two statisticians as the members
who received the unblinded interim data and randomization list from the corre-
sponding vendors and prepared the tables listings and figures for efficacy data
including conditional power to guide the interim decision. The two members of the
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SDAC served as a non-voting independent statisticians supporting the DMC with
respect to any issues that could arise concerning the design, monitoring, interim
efficacy analysis or interim safety analysis for this adaptive trial. These two statisti-
cians were present for both the Open and the Closed Sessions of the DMC meeting.
The preparation of safety data for periodic DMC meetings was done by another
group. The efficacy data summary included conditional power for the full popula-
tion and cutaneous subpopulation, PFS based on blinded independent central review
(BICR) and based on investigator, objective response rate (ORR), overall survival
(OS) by treatment arm and overall. In addition, data presented to the DMC included
plots by treatment group for the following non-overlapping categories: survival
without progression and without treatment-related SAE, survival without progres-
sion with treatment-related SAE, survival with progression and without treatment-
related SAE, survival with progression and with treatment-related SAE, death. The
safety data include AE, SAE, labs, vital sign, ECG, ECOG, concomitant medica-
tions, and QoL (Quality of Life). The efficacy data was analyzed and validated by
an independent statistician with experience and expertise in adaptive design.

The DMC meetings were planned to be held quarterly and no less frequently
than 6 months via teleconference to review safety data. The interim analysis meet-
ing for efficacy was face to face. The timing of data delivery were 2 weeks in
advance of each DMC meeting. A meeting quorum required that all 3 voting mem-
bers be present by phone or in person.

The recommendation from DMC to continue, modify or terminate the study
would be forwarded to the sponsor within one day of each DMC meeting. Action
items including requests for additional data review or statistical analysis would be
forwarded to the sponsor within 3 weeks following the meeting. The possible rec-
ommendations from the DMC could be: (1) continue the study as planned, (2) make
a minor modification in study conduct as specified below, (3) A further meeting is
required to discuss analyses unavailable today and the analyses the DMC would like
to review are specified below, (4) A major modification to the study should be con-
sidered as specified below, (5) Results of the interim analysis on determination of
final sample size as specified below, (6) Study termination should be considered for
the reasons specified below.

TAPPAS trial was an open label study where blinding was not feasible. Some
efforts were taken to protect the study integrity. First, data management was handled
by an external vendor instead of in house. A BICR was utilized to make adjudica-
tions on PFS. In oncology trials, if patient disease progresses, investigators often
discontinue patients from the current treatment and move patients to alternative
therapies. However, it is important for investigators to wait for the judgment from
the central adjudication committee before moving patients to other treatment
options since the primary efficacy endpoint is progression-free survival by central
adjudication committee. If the disease only progresses based on investigator’s judg-
ment but not central committee assessment, the protocol may specify that those
subjects be censored, and the ultimate events and study power might be reduced. At
minimum, the potential treatment effect will be ameliorated if subjects take other
treatments before it actually is clinically necessary (i.e., before disease progression
has, in fact, occurred).
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Abstract This chapter gives guidance on the formal documentation that should be
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Formal documentation of Data Monitoring Committee (DMC) meetings and rec-
ommendations is critical. Minutes should be taken for all DMC meetings and meet-
ing sessions. There typically are four documents created:

e Top-line recommendation form.

* Detailed recommendation/action item form.

e Open Session minutes.

e Closed Session minutes (one per protocol reviewed) including internal
action items.

The minutes should include, at a high level, the information that was shared, key
discussion points, and any decisions made. The minutes should maintain a factual
and neutral tone and not ascribe any comment or decision to an individual unless it
is so requested. The minutes needn’t contain detailed information that is included in
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presentation. Rather, those documents may be referenced. There certainly is no need
for a verbatim transcription or anything approaching that level of detail.

There typically is no reason to record the meeting — either to help minutes or for
posterity. An experienced and sufficiently staffed Statistical Data Analysis Center
(SDAC) will be able to take notes allowing for accurate and timely drafts of the
minutes to be created. The reviewers of the minutes will fine-tune as needed prior to
finalization. Under no circumstances should the meeting be recorded without the
permission of the attendees.

Minutes typically will be signed by the Chair or acting Chair of the DMC and by
the independent statistician at the SDAC who drafted them. Their signatures repre-
sent that the minutes accurately summarize the key elements of the occurrences and
decisions from the meeting. Occasionally a representative from the Sponsor will
sign the Open Session minutes.

The SDAC typically drafts minutes from both the Open and Closed Sessions of
the meeting. If there is an Executive Session of the DMC at which the SDAC is
excluded, the Chair or appointee should draft and archive the minutes. It typically is
inefficient and awkward to have the sponsor draft minutes of the Open Session but
have the SDAC draft minutes of the Closed Session.

A template DMC Recommendation form should be included as an appendix to
the DMC Charter. It should include the standard possible recommendations (e.g.,
“Continue the study without modification”, “Stop enrollment and/or dosing and/or
study”) as well as space for entering additional information or requests. As much as
possible, the recommendation should be kept simple and brief. Additional informa-
tion or requests the DMC has for the sponsor should be included in a separate Action
Items document instead. The Action Items document could include a wide variety
of topics, e.g., proposed next meeting date, request for additional information in the
Open Session presentation in the future, recommendation for retraining of sites on
certain aspect of the protocol, recommendation for new or updated tables or figures
or listings in the future (unless these requested outputs are obviously motivated by
by-arm differences and can be accommodated by the SDAC, in which case this
recommendation would be in the Closed Session minutes for the SDAC to per-
form without notification of the Sponsor Liaison).

Attachments are not embedded in meeting minutes documents. Attachments
within the minutes cause issues when documents are converted into final. PDF cop-
ies or employ digital signatures. This also reinforces that signatures are on the con-
tents of the minutes documents themselves; the signatures do not apply to the
contents of any documents presented during the meeting.

Separate Closed Minutes should be created for each protocol reviewed. If mul-
tiple protocols are reviewed during one Closed Session as part of a program-wide
DMC review, a separate Closed Minutes document is written for each protocol. This
allows minutes for one study to be provided upon study closeout even if other stud-
ies reviewed are ongoing. It eliminates partial information conveyed by page num-
bers if pages related to one protocol are redacted from a singular closed minutes
document.
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The level of detail should be appropriate. Enough detail should be included in the
action items so that they are actionable by the appropriate party. Motivating factors
for action items should not be included. Open minutes should include responses to
questions raised by DMC members and need not include details available in the
slide decks. Closed Minutes should include key discussion points that influenced
the DMC’s recommendation. The Closed Minutes need not include details of all
tables reviewed by the DMC.

Action items may contain requests that could be informative if delivered to indi-
viduals involved in day-to-day study management. Action items should be delivered
to the same individual who receives the overall study recommendation. That
Sponsor Liaison may send the complete set of action items to the team or may need
to follow up with a smaller group to address some of the action items presented
there. Action items motivated (or likely to be interpreted externally as motivated) by
by-arm differences that the SDAC can address independently of the sponsor should
be documented in the Closed Session minutes and not included in the action items
document provided to the Sponsor Liaison.

Attribution of comments in minutes should be minimal. Comments will not be
attributed unless required to understand context, i.e., the DMC statistician explain-
ing the implications of the monitoring boundaries.

The DMC makes recommendations as a collective unit. Thus, DMC signatures
on Recommendation forms, Action Items, Open Minutes, and Closed Minutes
should be limited to the DMC Chair. The independent statistician will typically co-
sign the Open Minutes and Closed Minutes if that individual was the primary author
of the documents.

The most efficient review process solicits feedback from the study team on the
Open Minutes in parallel with the DMC reviewing the Open Minutes, Closed
Minutes, and Action Items. Alternative processes include DMC Chair pre-review of
all minutes or sponsor pre-review of the open minutes may reduce the exchange of
comments but also increase effort associated with finalizing the documents and
increase the time required to get final documents.

Review and finalization should take place in a timely way. The DMC recommen-
dation should be complete and sent to the Sponsor Liaison within one business day
of the meeting — particularly if the meeting was for an Interim Analysis, or there are
any time-sensitive recommendations regarding patient safety. The meeting minutes
and action items should be drafted within five business days so they are in the hands
of reviewers before memories start to fade. Review would then be complete within
five additional business days, with signature obtained quickly thereafter so that the
meeting minutes and action items are complete within 2-2.5 weeks of the DMC
meeting. If there are extensive revisions by a reviewer or contradictory edits made
by different reviewers, then there might need to be further discussion or review
before finalization.

The DMC recommendation should be delivered by the DMC, via SDAC, to the
Sponsor Liaison. Ideally, the Sponsor Liaison is an individual with decision-making
authority for the trial or who can forward DMC recommendations to those with
decision-making authority. This individual generally has the scientific, medical, and
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clinical trial management experience to conduct and evaluate the trial. The Sponsor
Liaison ideally is not involved with the day-to-day decision making of the trial. The
Sponsor Liaison will be the recipient of DMC recommendations and be the first
person to decide the course of action in responding to those DMC recommenda-
tions. After review, the Sponsor Liaison can share the high-level DMC recommen-
dation (e.g., continue, stop) with the study team. In some situations, the Sponsor
Liaison role is served by an independent executive committee of academic study
leadership if such a group exists.

It is rare for the DMC to interact outside of the SDAC or Sponsor Liaison.
However, there are occasions where the DMC has been asked to send confidential
DMC materials directly to regulatory agency representatives. The DMCs do not talk
directly to sites or Institutional Review Boards (IRBs) — typically simply the DMC
recommendation letter is provided to these groups after each meeting. On occasion,
DMCs overseeing the same treatment have been enabled to trade the minutes with
each other after meetings. It is important that the Sponsor and external groups do
not incorrectly interpret a recommendation of “Continue the study without modifi-
cation.” There have been instances where that was translated into a press release of
“The DMC met and did not have any safety concerns.” That is entirely incorrect.
The DMC could have many safety concerns, but there simply were no alterna-
tive recommendations for the DMC to make at this time to the Sponsor Liaison. The
DMC might be quietly planning with the SDAC for additional analyses and/or to
meet again sooner than normal and be poised to make a non-trival recommendation
at the next data review.

Examples of non-trivial recommendations could include the following:

*  Met specified criteria for stopping for efficacy, but not enough safety data.

* Met specified criteria for futility on primary endpoint, but secondary endpoints
actually look promising.

e Safety concerns — need to decide if

» enrollment stopped in the entire study, or just a subset of arms.
e treatment stopped in the entire study, or just a subset of arms.

* Update the protocol or Informed Consent Form (ICF).

e Stop enrollment of a group now identified to be at high risk.
* Mitigation plan to prevent events for those at high risk.

* More frequent monitoring.

* Dose reduction or interruption if patients are heading towards the safety
event (e.g., if blood pressure starts to increase, or lab values change).

* Update ICF with additional details if a new safety aspect is clearly identi-
fied during the course of the study.

It is common that there is back-and-forth with the Sponsor Liaison if the recom-
mendation is other than ‘continue the study without modification’. The DMC or a
team led by the Sponsor Liaison might run outputs on subgroups or with sensitivity
analyses before a final decision is made. For non-trivial recommendations, the
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Sponsor Liaison should formally report back to the DMC on what the final decision
within the Sponsor has been. There could be discussion between the Sponsor
Liaison and the DMC to learn more about what led to the DMC recommendation.
The Sponsor Liaison might propose a counter-proposal to the DMC. For example
the DMC might have recommended treatment be stopped due to a concerning excess
of Grade 4 neutropenia on new treatment, but the Sponsor Liaison proposes a dose
management plan instead that reduces dose in subjects with Grade 3 neutropenia to
hopefully prevent those patients from developing Grade 4 neutropenia. It is rare that
the DMC is fundamentally in disagreement with the Sponsor decision — in particu-
lar if the decision impacts patient safety. It is preferable that an understanding can
be reached between the DMC and Sponsor in such a case. It has been proposed that
an outside mediator could be used, although this appears to be rare. If a DMC is
fundamentally in disagreement and feels that patient safety or other ethics have
been violated, the DMC has limited options. The DMC members — individually or
en masse — can resign from the DMC. Eventually, the DMC meeting minutes will
go to regulatory agencies, and the discontent will be discovered there. But the con-
fidentiality documents signed by the DMC members prevent them from going pub-
lic, even if there is this disagreement and even after resigning.
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David Kerr and Nand Kishore Rawat

Abstract This chapter focuses on the DMC decision making, particularly when
faced with difficult choices. These difficult choices could be due to data seen that
reflects the integrity of the study, or in safety or efficacy domains. The concept of
equipoise is introduced. The DMC has many options to help them in the case of dif-
ficult choices — either requesting more information and/or making non-trivial rec-
ommendations but not the ultimate level of recommending the stop of the study.

Keywords Risk-benefit - Ethics - Equipoise

The Data Monitoring Committee (DMC) members have a great responsibility to the
current participants, the potential participants, and the global patient community.
Most decisions made by the DMC will not have pure numeric guidelines in place.
The DMC members — chosen for the experience and expertise — will have to weigh
many factors to formulate an appropriate recommendation. They will have to weigh
the risks seen, evidence of benefit, the clinical context, the patient population, etc.
These decisions will focus on ethical considerations. It is a challenge, though, to
evaluate ethics with the early, imprecise information provided to the DMC.

For example, a study might show early toxicity, but no hint of efficacy has yet
emerged. If the indication is Type 2 diabetes, the context and subsequent recom-
mendation likely would be quite different than if the indication is late-stage cancer.
Patients with different conditions likely have a different threshold for the level of
side effects that are acceptable. One would imagine that toxicity in a Type 2 diabetes
treatment that is taken daily for years would have to be quite minimal, but toxicity
for subjects with late-stage cancer would be much more acceptable.
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Another example would be if a drug is already approved but is being used off-
label frequently in another indication and is now being tested in that indication. If
serious toxicity concerns emerge, the DMC might feel compelled to recommend the
study continue to obtain unequivocal evidence of that serious toxicity to convince
the clinical community. In this situation, the ethics of the global patient community
(with millions of people) might take priority of the ethics of the patients currently in
or potentially in the study.

The concept of equipoise is useful when thinking about clinical trials. A clinical
trial is started where the sponsor has expectations on results, but really should enter
unsure if the new treatment will have any impact. That is the equipoise — assuming
all treatments will work equally well. The DMC members can ask themselves if
equipoise is still maintained as the study continues.

To make it more personal, a DMC member might ask themselves:

*  Would I accept my ill mother being enrolled on this study?
*  Would I accept my ill mother being treated on the control arm of this study?
*  Would I accept my ill mother being treated on the active arm of this study?

Despite all of the efforts of the sponsor, Statistical Data Analysis Center (SDAC),
and DMC to have the needed material for review, some fears can arise to the
DMC. Examples of these might be:

* There is a safety signal, but the numbers are too small to be certain. For example,
in the domain of myocardial infarction, there might be six events on active vs.
just two events on placebo. This is suggestive, but not definitive, of cardiac
toxicity.

e There might be a safety signal, but the DMC is missing information on that
domain completely. For example, in retrospect, the DMC wishes the protocol
had mandated a full thorough QT study was conducted on each patient periodi-
cally, but this data is not available and will never be available.

» There is a potential safety concern, but alerting the sponsor to that will also have
the effect of damaging study integrity. For example, there is now observed to be
elevated heart rate on the active arm but no concerning excess in any cardiovas-
cular adverse events yet. Should the DMC communicate this to the sponsor, if
there is no specific other action to be taken? Or should the DMC, in consultation
with the Sponsor Liaison, consider if action is needed to protect current and
future patients with this knowledge of the elevated heart rate. Study integrity is
best preserved if no information on by-arm results is communicated unless part
of a DMC recommendation.

The ultimate decision of the DMC is whether to recommend stopping a study.
The DMC could recommend stopping for various important reasons. These could
include:

e Recommend a major change or stopping early for logistics.

— The study is limping along — either with very low enrollment and/or few
events in a time-to-event analysis. If the question the study is intended to
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answer will not be obtained for many years longer than originally expected,
the DMC might recommend major change or even to stop the study.

The study has a large number of subjects who have indicated withdrawal of
consent or been lost to follow-up — perhaps differential by arm, or perhaps
not. In either case, the DMC might consider if the study is no longer going to
be interpretable at its end and therefore there is no purpose to the continuation
of the study and might recommend major change or even to stop the study.
Note that in many studies, subjects should continue on follow-up even if dos-
ing is complete. It is important that tables clearly distinguish between discon-
tinuation from treatment, and discontinuation from follow-up.

The study has large number of subjects that enrolled that failed eligibility
criteria and/or there are excessive number of subjects with major protocol
deviations. In this case where the protocol is not being adhered to, the DMC
might recommend major change or even to stop the study.

e Recommend a major change or stopping early for safety reason.

This is the hardest decision of the DMC — and why there are experts on the
DMC and not just computers.

The DMC must weigh the totality of the data, and any informal efficacy data
also provided.

Three events of PML on the active arm versus none on the control arm might
be sufficient to motivate a DMC to recommend major change or even to stop
the study — but 60 vs. 20 cases of neutropenia might be totally expected and
actually encouraging that the treatment is biologically active.

Is the signal robust? Is it consistent across domains —e.g., do AEs and lab data
correlate to tell the same story?

Can AEs be combined for a more informative analysis — e.g., combine pre-
ferred terms of ‘LDL increased’, ‘Lipids increased’, ‘Hyperlipidemia’, and
‘VLDL increased’?

Is the signal known from pre-clinical results or completed clinical studies or
as a class effect? Or is the signal novel — and therefore needs to be more com-
pelling to be believed?

Is the signal clinically relevant to the patient? Does it impact how the patient
feels, function, and survives? If not, it may be of interest and perhaps some
more minor action taken, but perhaps no major action needed at this time.

Is the imbalance increasing from meeting to meeting?

Is the safety concern offset by trends for positive efficacy?

Are there baseline imbalances that could help explain additional safety events
in one arm?

Is there an imbalance in follow-up which means safety is biased towards
reporting more events on one arm?

Does the nature of the visit schedule (particularly in in an open-label study)
have more assessment on one arm and therefore lead to bias towards more
reporting of events?
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If this is a program-wide DMC, do the other studies show a similar trend or not?
Is there a way this DMC can communicate with other DMCs also investigat-
ing the new treatment to investigate if similar trends across studies?

Recommend a major change or stopping early for efficacy.

Even with statistical guidelines (generally not rules), the totality of data
should be reviewed. The DMC might look at secondary endpoints, or sensitiv-
ity results. The DMC might look at centrally adjudicated vs. investigator
reported vs. best-case (adjudicated + events not yet adjudicated). The DMC
might look at all data including recent data that is not fully cleaned, although
the formal result is cut off at an earlier date and includes only pristine data.
Ad hoc efficacy (outside of any specified guidelines) is controversial. The
DMC should have discussion with the sponsor team during the kick-off meet-
ing on this topic. If results on a clinically compelling endpoint (e.g., death)
show statistically compelling results, even after accounting for the interim
nature of the data, then many DMCs would feel obliged to report that to the
Sponsor Liaison and recommend appropriate action such as treating all sub-
jects with the better treatment (and possibly moving forward with regulatory
approval).

Ad hoc futility (outside of any specified guidelines) is also controversial. If
there is no actual safety risk, some DMCs will recommend continuing the
study. Some DMCs consider that a futile study is unethical to continue, as the
subjects have entered the study expecting that their time and data will go
towards obtaining useful information on a study that still has a hope for suc-
cess. It is important that the sponsor explain the context of the study in the
clinical program and regulatory environment to the DMC during the kick-off
meeting and periodically during the course of the study. Most DMCs will
have very little tolerance for safety risks in a study that appears to be statisti-
cally futile on primary (and clinically important secondary) endpoints.

There are options available for DMC recommendation other than just ‘go/no-go’

when there are important concerns about safety — such as:

Provide additional safety outputs — e.g., subgroups, SMQs.

Provide additional efficacy outputs to see if those results counterbalance
safety concern.

Reinforce site training to be vigilant of specific safety issue.

Change to protocol — mitigation plan (tighten eligibility criteria, safety man-
agement plan, dose management plan if precursor event seen).

Change in meeting frequency (meeting more frequently, either formal meet-
ings, or having ad hoc outputs focused on the domain of interest sent between
meetings).

Terminate enrollment but keep enrollment going for those already enrolled.
Terminate enrollment and treatment, but keep follow-up going for those
already enrolled.
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What Are Some Examples?

David Kerr and Nand Kishore Rawat

Abstract This chapter provides a variety of vignettes culled from the author’s
experiences. These are not to be taken as actual results from historic studies but are
reflective of the hundreds of DMC experiences seen. Example are from a wide
range of clinical areas, and therefore wide range of endpoints and clinical context.
The DMC focus on some examples is primarily safety-based, whereas others are
primarily efficacy-based.

Keywords Data Monitoring Committee - DMC charter - Efficacy - Futility -
Endpoint

The following vignettes are written to be illustrative of real-world situations, even
though some specific details may have been changed for clarity and to protect the
confidentiality of the studies.

Vignette #1: The Data Monitoring Committee (DMC) was asked to monitor two
very large placebo-controlled studies of an investigational drug being conducted in
parallel. The two patient populations were different but related — one being con-
ducted in patients with Crohn’s disease and the other in patients with ulcerative
colitis. The DMC was asked to conduct quarterly safety reviews, as well as two
formal interim analyses for each study. The purpose of the first formal interim anal-
ysis for each study was stopping for overwhelming efficacy. The purpose of the
second formal interim analysis for each study was for stopping for overwhelming
efficacy, but also for assessing futility. Particularly for assessing futility, the DMC
was told to consider futility for each study separately, not referencing information
from the other study. There was no binding futility rule, but rather a guideline that
if the conditional power was <20% (under the original assumption of treatment
effect under the alternative hypothesis), the DMC could consider recommend
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stopping for futility. This was a relatively weak, non-binding guideline. Although
the DMC was told to assess each study independently, the DMC was to consider the
impact of stopping one study while the other study continued, with no additional
guidance given. In practice, the studies went on to completion (without a DMC
recommendation to stop early for either efficacy or futility), with neither study
meeting statistical criteria on the primary endpoint at the conclusion. One study
(which completed first, about 4 months ahead of the second) had a point estimate in
favor of the treatment and some secondary endpoints which trended favorably,
while the second study had no observed effect. In retrospect, from the sponsor’s
perspective, the DMC charter could have used some stricter futility rules, although
the DMC would have likely balked at a having a binding rule in the charter. The
DMC felt the DMC charter was worded appropriately in providing some futility
guidance from the sponsor’s perspective while also giving the DMC sufficient free-
dom to assess futility and protect the scientific value of the studies.

Vignette #2: The DMC was overseeing a randomized open-label study in early-
stage breast cancer. The study had co-primary endpoints of progression-free sur-
vival (PFS) and overall survial (OS). There were formal criteria in place to assess
futility for PFS and efficacy for OS. The final number of events for PFS would occur
earlier than the final number of events for OS. There was extensive discussion about
the communication plan at the time of the final PFS analysis. The sponsor was con-
sidering unblinding themselves at the time of the final PFS analysis. The DMC
advocated for the study team to remain blinded to ensure integrity of the study. This
despite that it was open-label study, and that OS is not traditionally seen as easily
biased. However, the DMC was worried that any knowledge of unblinded OS results
within the study team or externally could impact how patients were handled in the
study. The final decision was that if both PFS and OS were compelling at the time
of the final PFS analysis, the study team would be told. Otherwise, only the PFS
results would be told by the DMC to the Sponsor Liaison, and OS collection would
continue without unblinding by the study team. If needed, the DMC could speak
confidentially with regulatory authorities and speak in a limited fashion to the OS
results if needed as part of an accelerated approval process based primarily on the
PFS results.

The study played out with PES results developing favorably as the study pro-
ceeded. However, OS results were neutral (fewer deaths due to disease progression
were offset by more deaths due to infections). Unsurprisingly, criteria for futility for
PES and efficacy for OS were never crossed. At the time of the final PFS, the DMC
informed the Sponsor Liaison only of the PES results. The study continued, eventu-
ally finishing with a trend in improvement in OS, although not statistically
compelling.

Vignette #3: This study was a randomized, double-blind study in acute myeloid
leukemia. There were no formal interim analyses put into place. At the DMC Kick-
off meeting, there was discussion that hematologic toxicity was expected — anemia,
neutropenia, and thrombocytopenia. However, it was anticipated these would be
relatively low grade/severity. Indeed, this toxicity was seen as the study data began
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to mature. However, it was more severe than expected. Grade 3 neutropenia was
occuring in 23% of the patients on the active arm vs. just 10% on the control arm.
Infections were reviewed, and there were higher rates of serious infections, but not
as dramatic as in the hematologic parameters. The DMC noted that overall deaths
were balanced and requested a Kaplan—Meier figure of time to death and a listing of
Grade 3 neutropenia to understand the timing of those events. After review, it
appeared the hematologic events were relatively transitory and occurred early after
first treatment. The pattern of deaths shows an increase of deaths early on, but with
the later results showing benefit. The DMC considered recommending a lower start-
ing dose or a plan for dose reduction at the time of hematologic event, but ultimately
decided that was not needed. The DMC was comfortable with the ethics of the
study, and that there was still a reasonable likelihood of benefit to be demonstrated
in OS once the initial toxicity had been survived.

Vignette #4: This was a randomized, double-blind study in colorectal cancer. No
interim analysis reviews were planned. As the study matured, the DMC observed an
excess in liver function test (LFT) abnormalities (ALT >3xULN and AST>3xULN)
in the active arm. The DMC requested evaluation of drug-induced serious hepato-
toxicity (eDISH) plots and patient listings of patients with elevated LFTs. The DMC
recommended that the sites be particularly vigilant to sections of the protocol that
already existed about monitoring of LFTs and subsequent dose reduction or with-
drawal based on elevated values. The DMC also requested information on the pri-
mary endpoints — PES as assessed by blinded independent central review (BICR)
was not available, so investigator-proposed PFS was provided. As the study contin-
ued to mature, the elevated LFTs continued, and a case of laboratory Hy’s Law
occurred. The study had accrued over the half of the PES events, but there was only
a minimal improvement in PES on the new treatment. Based on the observed con-
cerning safety signal, and in the absence of any optimism on positive efficacy, the
DMC recommended to stop the study. The rationale was based on both safety and
futility concerns — although not based on statistical definition of futility.

Vignette #5: This study in pancreatic cancer had no formal interim analyses planned
for efficacy. The sponsor had in place futility assessments for PFS, but no efficacy
assessments during the study for PFS, and no interim analyses of OS at all, other
than informally reviewing as part of the safety assessment. As the study developed,
the OS results became progressively more and more impressive. A Kaplan—Meier
figure was requested, and it showed graphically the strong and continued reduction
in deaths on the new treatment. The DMC requested inferential statistics be pro-
vided. At what proved to be the DMC’s final meeting (with the study being mature
but still about a year from completion), the results showed that the OS results were
both clinically compelling (hazard ratio of 0.37) and statistically compelling
(p-value of 0.002). There were no new safety concerns beyond what was already
known about the treatment going into the study. Although there were no specified
decision criteria to evaluate for efficacy, the DMC decided to disclose the OS results
to the Sponsor Liaison and recommend moving forward with regulatory approval
and moving all subjects currently being treated with the control arm to instead be
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treated with the new treatment. This decision was partly based on ad hoc calculation
of what a critical p-value would be if an O’Brien-Fleming boundary had been put
into place for evaluating OS at this particular timing of the OS data. One could
argue that this was data-driven and introduced bias — but the DMC felt the answer
to the question of the study was known at that point, and it was unethical to continue
subjects on the control arm to be treated in an inferior way, and important to move
forward without delay to provide access to this new treatment to the larger patient
population.

Vignette #6: This was a prophylaxis study for COVID-19 in 2020 and 2021. As
would be expected, timelines were accelerated. This DMC met monthly at a speci-
fied date/time (e.g., 10 am ET on the first Tuesday of each month). The data arrived
at the SDAC seven business days before each DMC review — allowing 4 business
days for the SDAC to create outputs and 3 business days for DMC review. This
worked because the incoming data and outgoing outputs were stable, and all parties
involved carefully coordinated their timelines. The DMC met by teleconference for
the first eight reviews. After that point, the DMC decided to do virtual reviews, with
DMC members reporting thoughts directly by email to the DMC chair. That contin-
ued for six more reviews until the study finished. Of note for this DMC was the
different approaches for providing information on whether a subject had had
COVID-19 or not. Variations were based on AE data (i.e., AEs coded as “COVID-19”
or “Asymptomatic COVID-19”), and information from a symptom questionnaire
(which could use “strict” endpoint or “broad” endpoint), and also biologic informa-
tion looking for positive reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR). All information was useful to the DMC as they weighed evidence
of efficacy against potential safety concerns of the new treatment.

Vignette #7: This study was relatively small and with short duration — just 120
patients, double-blind treatment throughout the first 12 weeks, with a 12-week end-
point (after which all subjects could be on active treatment and long-term follow-
up). The endpoint was dichotomous — composed of whether subjects deteriorated
and needed surgery prior to Week 12 OR if certain lab values had deteriorated at
Week 12. There was a formal interim analysis planned at 50% of patients — 60 sub-
jects reaching Week 12. The critical p-value was 0.001.

The results at the DMC interim analysis were striking — the numbers of subjects
failing on placebo were strikingly higher than those on the new treatment — 17/30
failing on placebo vs. only 4/30 failing on the new treatment. This results in a
p-value <0.001.

However, the DMC investigated the components of the composite outcome. The
vast majority of cases (and imbalance) were due to the lab parameters, rather than
subject actually requiring surgery. Surgery was split 3/30 vs. 0/30, whereas those
with deteriorating lab results were split 14/30 vs. 4/30. The DMC wondered if effi-
cacy primarily due to biomarker would be compelling to the clinical community —
especially when based on just 60 subjects.
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Safety data was reviewed — not just for the 60 who had reached Week 12, but also
separately in an analysis that included all 90 that had entered the study so far.
Nothing of particular concern was found.

There was discussion on how to handle the 30 subjects currently in the study, and
the 30 subjects yet to be enrolled — and what the ethical obligations were to those
subjects. However, the DMC decided it was still ethical to treat and enroll subjects
on placebo for up to 12 weeks.

The DMC felt obliged to report to study leadership that the results had met the
specified criteria. However, the DMC advocated that the study continue — given the
small sample size so far, and that the endpoint results were dominated by the bio-
marker component, and that the study would naturally finish with 120 subjects
reaching Week 12 within approximately a half year. After intense and rapid discus-
sion between a small group of study leadership and the DMC (led by the DMC
Chair), an agreement was reached to continue the study to its natural conclusion.
The study results were released approximately a half year later with statistically
significant results on the full 120 subjects (including more subjects who had surgery
which continued to show a prominent trend).
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