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ARTICLE INFO ABSTRACT

Keywords: This manuscript addresses the development and operating procedures of the Cystic Fibrosis Foundation Data
DSMB Safety Monitoring Board (CFF-DSMB) and its role in the development and approval of new therapies through
Data safety

Data safety monitoring board
Rare disease
Clinical trials

complex clinical trials with an emphasis on ensuring patient safety and study integrity. The authors describe the
processes that have been developed over the last 25 years including the development of educational curricula for
DSMB members and patient representation on DSMBs. The experience and success of the CFF-DSMB can serve as

a model for providing high quality oversight of clinical trials for other groups who are dedicated to developing
treatments for rare and complex diseases.

1. Introduction

Cystic Fibrosis (CF) is the most common life-threatening mono-
genetic disease affecting an estimated 100,000 people worldwide [1].
The disease affects multiple organs but most significantly it leads to
chronic, progressive lung disease and malnutrition from pancreatic
insufficiency. CF was described as a distinct entity in the 1930's with the
first large case series published in 1938 by Dorothy Andersen, a
pathologist who recognized on autopsy a pattern of bronchiectasis and
pancreatic disease in children [2].

In 1955, the Cystic Fibrosis Foundation (CFF) was formed by a group
of parents in the hope of improving care for their dying children [3].
Over the ensuing seven decades, the CFF has evolved to become one the
most successful rare disease organizations by developing effective pro-
grams to advance research, patient care, education, and advocacy.
Therapeutic approaches fifty years ago were limited with a median
predicted survival of approximately only 20 years in 1970 [4]. Over the
intervening five decades the development of dedicated care centers and
effective therapies have increased the predicted survival to 56 years of
age for a baby born between 2018 and 2022 [5].

The 1980's ushered in a new era for people with CF; research was
starting to unravel the mystery of the basic defect on a genetic, molec-
ular, and cellular level with the potential to develop targeted therapies
[6]. As basic science research discoveries offered opportunities for drug
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development, the CFF recognized the need for designated clinical
research centers that would be able to conduct clinical trials efficiently.
With these goals in mind, in 1998 the CFF launched its Therapeutics
Development Network (CFF-TDN) to centralize, standardize, and pro-
mote clinical research [7]. Over the years, the network has grown to
more than 90 sites in the US located at CFF-accredited clinical care
centers. The CFF-TDN provides training and financial support creating a
research environment that can efficiently carry out rigorous clinical
research. To receive its support, the CFF-TDN requires that trials be
sanctioned based on review of study design, feasibility, and strategic fit
for the CF community.

A top priority of the CFF-TDN is to protect the safety of patients
participating in clinical trials and to ensure the scientific integrity of the
studies. In 1999, the CFF and CFF-TDN developed a CF specific data
safety monitoring board (CFF-DSMB). The initial design of the CFF-
DSMB was based upon seminal work by Ellenberg, Fleming, DeMets
and others [8]. CF is a complex multi-system disease making clinical
trial subjects susceptible not only to adverse events from the study drug,
but also co-morbidities of the disease. The CFF-DSMB ensures not only
efficiency but study oversight by professionals familiar with the unique
aspects of CF. Since its formation, the number of studies per year that are
overseen by the CFF-DSMB has steadily increased with over 66 clinical
trials monitored in 2019. (There was an expected decline in the number
of studies since the pandemic with an uptick anticipated in 2024.) This
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paper describes the processes of developing and maintaining a disease
specific DSMB over the past 25 years during which time we have seen
data from approximately 34,000 participant entries (personal commu-
nication) and approximately 250 trials.

2. DSMB membership

The leadership of the CFF-DSMB consists of three pulmonologists-
two pediatric and one adult, who have extensive experience with clinical
trial oversight, CF clinical research and patient care. The CFF-DSMB has
grown to approximately 100 members who are selected by the CFF-
DSMB leadership. DSMB members are chosen based on their clinical
or research expertise, experience, and limited potential for conflicts of
interest (see below). The CFF-DSMB consists of adult and pediatric
pulmonologists, medical ethicists, endocrinologists, gastroenterologists,
infectious disease specialists, and clinical trial biostatisticians. Within
the greater CFF-DSMB, each study is assigned a study specific Data
Monitoring Committee (DMC). Ad hoc specialists are recruited to join a
DMC if needed to advise on topics outside the expertise of the other DMC
members. A critical component of the CFF-DSMB membership are
community representatives who are either people with CF (PWCF) or
parents of children with CF.

The CFF-DSMB has an administrative staff that manages the gener-
ation and execution of contracts, schedules meetings, records meeting
minutes, and maintains a secure electronic data storage site that houses
CFF-DSMB related documents and data. The CFF provides funds and
supports the CFF-DSMB infrastructure, which helps to offset monitoring
costs to sponsors. All CFF-DSMB members are indemnified by the CFF
and compensated for their time based on fair market rates.

Although the CFF-DSMB has a cooperative relationship with the CFF
and TDN, it remains organizationally and functionally independent in its
oversight duties. Decisions and recommendations of DMC’s are not
shared with the CFF and TDN. The official line of communication be-
tween the CFF-DSMB and the CFF and TDN for general DSMB topics is
through the Vice President of Clinical Research of the Cystic Fibrosis
Foundation (see Appendix 1).

Initially, all studies were based in the US but over time many studies
included international sites. In addition, some sponsors have utilized the
services of the CFF-DSMB for studies exclusively performed outside the
US. Accordingly, international members have been added to the CFF-
DSMB to ensure regional representation. International members of the
DSMB are suggested by their respective associations and meet the same
criteria as those from the US. The Board leadership collaborates closely
with its non-U.S. counterparts including the CF Canada Accelerating
Clinical Trials Network (CF CanACT) and the European Cystic Fibrosis
Society Clinical Trials Network (ECFS-CTN). Regulatory agencies
outside the U.S. such as the European Medicines Agency (EMA), the
United Kingdom Medicines & Healthcare Products Regulatory Agency
(MHRA) and Health Products and Food Branch (HPFB) of Health Canada
have permitted CFF-DSMB DMCs to oversee clinical trials that are under
their jurisdiction. Recognizing that safety monitoring is a learned skill
that improves with experience, we have not imposed term limits for
DSMB membership. CFF-DSMB members with more experience may
serve as DMC chairs. Each CFF-DSMB member serves on 1-3 DMCs at
any given time and great effort is placed on ensuring that there is no
conflict of interest between the studies they are overseeing. CFF-DSMB
members are compensated for their time at fair market rates.

DMC members are required to be free of significant financial, intel-
lectual, and professional conflicts of interest (COI). In a community
where patient care, research and clinical trials are closely inter-
connected, this posed a challenge. Had the CFF-DSMB decided to pre-
clude anyone affiliated with a study site, this would have prevented the
development of a CFF-DSMB board with the needed expertise, especially
for large multicenter trials. Unless prohibited by a sponsor, a clinical
trial may be conducted at a DMC member’s care center. However,
neither the DMC member nor the member’s program may benefit
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directly from the conduct or outcome of the clinical trial. Furthermore, a
trial can be run at a DMC member’s center providing the sponsor agrees,
and the DMC member is not the local principal investigator or directly
involved in performance of the clinical trial. These stipulations create a
firewall between any accrued benefits to the center and the DMC
member’s personal gain. COI is reviewed when a DMC is constituted and
confirmed at all DMC meetings. CFF-DSMB members are regularly sur-
veyed to detect potential conflicts. Any new issues are resolved with
adjudication by the CFF-DSMB leadership.

In 2016 the CFF-DSMB recognized the potential benefit of having the
patient voice as an integral part of clinical trial oversight. Incorporating
PWCF into DMCs is supported by FDA guidance [9] and by the Clinical
Trials Transformation Initiative (CTTI) [10]. Since 2016, community
representatives have been appointed to DMCs as full voting members.
This effort began as a pilot program with 2 adult PWCF and has subse-
quently become the norm; the CFF-DSMB now includes 17 community
representatives of whom 11 are adults with CF and 6 are parents of
children with CF. Community representatives apply to become members
of the CFF-DSMB through the CFF patient advocacy program Commu-
nity Voice. Applicants are screened by Community Voice and inter-
viewed by the CFF-DSMB leadership. Community Voice is committed to
diversity and inclusion and the applications for CFF-DSMB membership
are targeted to reflect the diversity of the CF patient community. Com-
munity members are not required or expected to have a science back-
ground but should have personal experience with participation in a
clinical trial. They complete the same educational training as the other
members (see below) and receive the same level of financial compen-
sation. This program has been very well received by the participating
community representatives, the other CFF-DSMB members and sponsors
as confirmed by quality improvement surveys.

3. Training of DSMB members

From the inception of the CFF-DSMB, the leadership recognized that
new members of the DSMB might have different levels of knowledge and
experience regarding clinical trial oversight. All members are expected
to complete formal training on HIPPA, human subject research and se-
curity. New members complete an onboarding curriculum developed by
the CFF-DSMB leadership. The course content includes introduction to
DSMB processes and procedures with special emphasis on the impor-
tance of adhering to non-disclosure agreements, avoiding conflicts of
interest, and the basic tenets of human subject protections. Training
emphasizes the importance of timely reviews to avoid impairing study
progress. Every two years the CFF-DSMB convenes a two-day sympo-
sium with discussions about processes and program development. Small
group sessions are used for anonymized case presentations. Topics have
included stopping rules, oversight of early phase studies, and managing
DMC-sponsor relationships. Presentations are streamed, recorded, and
archived. The in-person meetings and archived presentations ensure
ongoing education for DSMB members. Unexpected challenges that arise
during study monitoring often provide opportunities for ad hoc educa-
tion of CFF-DSMB members.

4. Operating procedures

A policy manual (PM) and standard operating procedures (SOPs)
were developed by the core CFF-DSMB team and are updated every two
years. The PM delineates the CFF-DSMB organizational structure,
membership, responsibilities, confidentiality, and conflict of interest
guidelines. SOPs are updated and reviewed every two years. Data
management is centralized on a secure cloud-based server compliant
with EU General Data Protection Regulations and FDA CFR 21 Part 11.
This single website facilitates CFF-DSMB member access to policies,
training materials and study documents. Security oversight is done by
monitoring when and by whom files have been opened and access is
terminated when a member leaves the CFF-DSMB. The site is partitioned
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so that each clinical trial has its own folder and access is limited to DMC
members assigned to that specific study.

While a study is being reviewed for sanctioning by the CFF-TDN, a
parallel process is initiated between the sponsor and the CFF-DSMB.
During this early period the sponsor is provided with a charter tem-
plate appropriate to the type of study (available upon request) and check
list to facilitate their future contractual relationship. The diagram in
Appendix 2 demonstrates the complexity of the process needed for
compound and protocol review including CFF-TDN sanctioning, con-
tract execution with the CFF-DSMB and charter development. The DMC
charter outlines the responsibilities of the study specific DMC and is
approved by the DMC prior to screening the first participant. The
sponsor’s study team in collaboration with the DMC develops the
charter. Sponsors of CF clinical trials overseen by the CFF- DSMB have
included industry leaders to smaller startup companies, academic in-
vestigators. Early involvement of the CFF-DSMB, particularly with less
experienced sponsors and investigators, has avoided costly delays.

5. DMC composition

Each DMC typically comprises a Chair, a biostatistician, a variable
number of clinicians depending on the size and scope of the study, and a
community representative. A CFF-DSMB coordinator is assigned to each
DMC for administrative support. The DMC Chair is always a CFF-DSMB
member with extensive DMC experience. DMC members are selected
based on the specific needs of a study; for example, a clinical trial for a
new compound targeting liver disease or with a high risk of hepatic
toxicity would include a hepatologist. Each DMC has consultative sup-
port from the CFF-DSMB leadership group should the DMC feel they
need additional guidance when faced with unanticipated complex
challenges. The structure of the CFF-DSMB allows us to maintain the
same DMC throughout the phases of a drug’s development which fa-
cilitates efficient and effective review of protocols and charters. His-
torical knowledge also reduces the number of potential delays due to
adverse events that have been fully evaluated during previous studies.
This has been especially beneficial in the development and approval of
CFTR modulators.

Although independent DMCs are usually considered unnecessary for
phase 1 and early phase 2 studies, FDA guidance recommends that
sponsors consider using a DMC when the study is being performed in a
potentially fragile population such as children or other vulnerable
populations [8]. We consider people with CF to be a vulnerable popu-
lation in part because of their dependence on their care center team who
are often involved not only in clinical care but also recruitment and
execution of clinical trials. Further, to reassure the CF community that
clinical trials are run safely, the CFF has made public commitments that
all CFF sanctioned clinical research will be monitored. Early phase
studies require a different approach to monitoring especially when they
are done in CF patients without prior experience in healthy volunteers.
Early studies typically have an internal scientific review committee
(ISRC) managed directly by the sponsor. We have developed a hybrid
model that allows the ISRC to function with input from the CFF-DSMB.
This is accomplished by the creation of a full DMC that reviews the
protocol and safety monitoring plans. The chair of the DMC is then
assigned to serve on the ISRC. If situations arise where broader input is
needed, the full DMC can be called upon to review and make recom-
mendations. In addition, if the study proceeds with drug development,
this same DMC can assume monitoring of subsequent studies thus
providing continuity.

6. CFF-DSMB biostatiscal participation

Since the formation of the CFF-DSMB a core group of biostatisticians
has played an integral role of the evolution of the CFF-DSMB. They have
not only participated in DMCs, but they have served as educators of the
non-statistical CFF-DSMB members and participated in the developed
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SOPs. Biostatistical approaches are discussed at the in-person meetings
and sessions are recorded and archived for CFF-DSMB members.

DMC:s are frequently challenged by receiving data sets that are vol-
uminous and poorly displayed making it difficult to detect potentially
significant safety issues. Consequently, in 2019 the CFF-DSMB convened
a biostatistical working group to develop DMC statistical analysis plan
templates including shells to generate the data tables, figures, and list-
ings. This revised model is given to sponsors when they submit their
protocol for review to the TDN with encouragement that it be used for
DMC reviews (available upon request).

7. Quality improvement

The CFF has a long-standing commitment to quality assurance. The
CFF-DSMB internally reviews its PM and SOPs every two years. Over the
last decade, the CFF-DSMB has undergone several external audits by
industry sponsors that have been used as quality improvement (QI)
opportunities. We have also surveyed sponsors to determine how well
their needs are being met and surveyed DSMB members and sponsors
about their experience with DSMB community representatives.

8. Outreach to the CF community

In a survey of 760 adults with CF and parents of children with CF
conducted in 2015 by the CFF, 32 % of respondents expressed concerns
over possible adverse effects and safety as a reason they would choose
not to participate in a CF clinical trial (Retsch-Bogart G. Opening doors to
CF clinical research: Change is coming. 29th Annual North American Cystic
Fibrosis Conference; Phoenix, AZ; 2015.) This led to increased resources
being directed to educate people with CF and their families on how
safety is protected during a clinical trial through a series of webinars,
web pages on the CFF website (www.CFF.org), and handouts. Infor-
mation explaining the role of the CFF-DSMB has been presented peri-
odically to site investigators and research coordinators during the
biannual meetings of the TDN. As the CF community embarks on gene-
based therapies, the value of outreach to the community is increasingly
important.

8.1. Synopsis of DSMB activity over 25 years

Tables 1 and 2 provide a record of CFF-DSMB activities over the past
25 years. Of the 247 studies, 137 of them had international enrollment
and most were completed as planned. Approximately 66 studies did not
progress either because of futility, efficacy, or a decision by the sponsor
not to proceed or to change to another lead product. When a study has
either not progressed or been stopped, by and large this has been a joint
decision between the DMC and the sponsor or principal investigator.
Likewise, it is not uncommon for the DMC to work with a sponsor to stop
one study and embark on an offshoot study based on early results.

To date the DSMB has been directly involved with decisions to pre-
maturely stop all or parts of seven studies. Two were for safety, one for
efficacy, and four for futility. In particular, a phase 2 randomized trial
was stopped for safety after an interim analysis found an excessive rate

Table 1
Distribution of studies by phase.

Industry sponsored studies CFF sponsored studies*

Phase 1 27 5
Phase 1/2 10 1
Phase 2 60 13
Phase 3 94 4
Phase IV 8 6
Observational 2 10
Other 2 5
TOTAL 203 44

" 12 studies were also supported by NIH/ FDA/NHLBI sponsored.
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Table 2

Study categories.
Intervention Number
Airway clearance 25
Anti-infective 57
Anti-inflammatory 22
Behavioral 4
Endocrine 3
Gene Therapy 3
Nutritional- GI 27
Restore CFTR function 102
Other 4
TOTAL 247

of pulmonary exacerbations in the groups receiving study drug
compared with placebo [11]. In another phase 2 clinical trial in which
participants were randomized to switching to an investigational drug or
remain on an active comparator, the two lower dose groups on study
drug were discontinued because of reductions in FEV; [12]. One study
was stopped early for efficacy after an interim analysis found an over-
whelmingly significant beneficial effect of treatment [13]. Of the trials
stopped for futility, two were halted due to irreparably slow recruitment
making it highly unlikely that a sufficient number of participants would
enroll to provide informative results. One of these studies was further
impaired by a high dropout rate. Two subgroups in an open label
extension of a randomized placebo controlled trial were stopped after
the parent studies were finalized, and no treatment benefits were
observed [14]. Finally, a trial was stopped for futility when an interim
analysis found that the predetermined futility boundary had been
crossed for the primary endpoint and there were no counterbalancing
benefits seen in the secondary endpoints. Of note, crossing a pre-
determined futility boundary does not always lead to early trial termi-
nation. In particular, one of the DMCs decided to allow a study to
complete despite the futility boundary being crossed at a late interim
analysis because there were not safety concerns, the study was near
completion, and other potentially important results were being
observed. It is noteworthy that the community representative advocated
strongly that collecting a complete set of data would yield important
data concerning the secondary endpoints. This case highlights two
important issues; the value of the community representative and the fact
that although stopping rules are in place, they are in fact guidelines and
not rules. The value of a unblinded DMC is their ability to gauge the risks
and benefits of completing a study.

9. Summary

The CFF-DSMB has grown from a small group of CF clinician scien-
tists that started in 1999 to a large, well-integrated organization that
provides high quality oversight to the majority of CF clinical trials
conducted both in the US and internationally. The CFF-DSMB’s
involvement in the CF research process has supported a high volume of
therapeutics to move rapidly yet safely through the CF drug discovery
pipeline. By so doing, the CFF-DSMB has been an important contributor
to the marked improvement in survival and quality of life enjoyed by
people with CF today due to improved therapeutics. Over time we have
evolved to continually address the changing clinical research landscape
while at the same time meeting the needs of the greater community. The
success of the CFF-DSMB can serve as a model for providing high quality
oversight of clinical trials for other groups who are dedicated to devel-
oping treatments for rare diseases.
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