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Uncontrolled Extensions of Clinical Trials
and the Use of External Controls—Scoping
Opportunities and Methods

Ching-Yu ‘Wan I,Jesse A. Berlinz, Barry Gertz3, Kourtney Davis4, Jie LiS, Nancy A. Dreyeré, Wei Zhou7,
John D. Seeger®, Nancy Santanello’ and Almut G. Winterstein"*

Increased interest in real-world evidence (RWE) for clinical and regulatory decision making and the need to evaluate
long-term benefits and risks of pharmaceutical products raise the importance of understanding the use of external
controls (ECs) for uncontrolled extensions of randomized controlled trials (RCTs). We searched clinicaltrials.gov
from 2009 to 2019 for uncontrolled extensions and assessed the use of ECs in the trial protocol registry and
PubMed. We present characteristics of identified uncontrolled extensions, their adoption of ECs, and a qualitative
appraisal of published uncontrolled extensions with ECs according to good pharmacoepidemiologic practice. The
number of uncontrolled extensions increased slightly across the study period, resulting in a total of 1,115 studies.
Most originated from phase Ill RCTs (62.2%) and specified safety outcomes (61.9% among those with specified
outcomes). Most uncontrolled extensions incorporated no control group with only 7 out of 1,115 (0.6%) employing
ECs. For those studies with ECs, all involved treatments for rare conditions and assessment of effectiveness.
Attempts to balance comparison groups varied from none mentioned to propensity score matching. We noted
consistent deficiencies in outcome ascertainment methods and approaches to address attrition bias. The contrast
of the large and growing number of uncontrolled extensions with the small number of studies that utilized ECs
showed clear opportunities for enhancement in design, measurement, and analysis of uncontrolled extensions to
allow causal inferences on long-term treatment effects. As extensions continue to expand within RWE regulatory
frameworks, development of guidelines for use of EC with uncontrolled extensions is needed.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC:?
V1 External control cohorts have long been used with single-arm

opportunities for methodological improvements in the design,
measurement, and reporting of studies with external controls
were uncovered.

clinical trials to support regulatory decision making, but less is HOW MIGHT THIS CHANGE CLINICAL PHARMA-

known about their use in uncontrolled extensions of clinical trials.
WHAT QUESTION DID THIS STUDY ADDRESS?

M This study provided an overview of uncontrolled extensions
of clinical trials over the past decade, their use of external con-
trols, and the methodological challenges of such designs.
WHAT DOES THIS STUDY ADD TO OUR
KNOWLEDGE?

M This study found a sizeable and growing number of uncon-
trolled extensions, but little use of external controls. Several

COLOGY OR TRANSLATIONAL SCIENCE?

[ This study highlighted the missed opportunity for use of
external controls to provide context for observed safety and ef-
fectiveness outcomes in uncontrolled extensions, and the need
for adoption of best pharmacoepidemiologic practices to sup-
port causal inferences. The described opportunities for meth-
odological improvement can inform planning and conduct of
uncontrolled extensions and advance the development of real-
world evidence approaches.

Open-label extensions following completion of phase II/III ran-  beyond the time needed to evaluate the primary efficacy outcome.
domized controlled trials (RCTs) are often used to collect long-
term safety and effectiveness data.! The extension period of the trial

follows well-described populations recruited for the “parent trial”

These extension studies provide valuable information on long-term
use of the study product in the preauthorization period, often re-
quired by health authorities, and consistent with guidelines put
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forward by the International Council for Harmonization (ICH) of
Technical Requirements for Pharmaceuticals for Human Use.” For
example, the combined safety data from phase III trials and a long-
term extension for brodalumab, which targets interleukin 17 (IL-
17) receptor and is indicated for moderate—severe plaque psoriasis,
showed a potential increase in suicidal ideation and behavior (SIB),
despite that no imbalance of SIB was seen within the 12-week pla-
cebo controlled and 12-52 week active-controlled phases of the
trials. As a result, a boxed warning for SIB is added into the label
upon US Food and Drug Administration (FDA) approval.’ In
those situations where extensions continue beyond the data cutoff
for the original registration package, they can provide additional
safety and effectiveness information even in the postlaunch period.

Extension studies may contain only an active treatment arm
without a randomized comparator. There are multiple pragmatic
reasons that sponsors have increasingly moved to follow RCTs
with long-term, uncontrolled extensions.”* First, it is well recog-
nized that a placebo-controlled (or an active controlled) trial
may require a substantially shorter duration to demonstrate effi-
cacy based on health authority recognized primary end points
than is often needed to obtain adequate demonstration of safety.
In some diseases, for example type 2 diabetes, it is rare to see a
placebo-controlled comparison last longer than 6 months, given
the availability of many approved alternatives. Thus, continuing
the placebo group, even with “escape” options, often does not meet
the equipoise principle, particularly when the parent trial demon-
strated benefit. Second, to adequately demonstrate both safety and
durability of effect, a longer period of observation is desired or re-
quired, based on ICH guidelines,2 as is a well-defined number of
patients with specifically defined durations of treatment. Clearly,
a trial can enroll more patients meeting the required distribution
of duration of treatment by moving all patients from the control
group in the parent RCT to the novel agent in a long-term exten-
sion. Such a transition of patient allocation also permits a cost and
time efficient utilization of all enrolled patients vs. switching the
placebo-controlled patients to an active control (assuming such
were available) to ensure equipoise, which would require enrolling
many more patients to meet the ICH requirements. Worth not-
ing is that it is not uncommon that there is no available, approved
comparator agent for such a long-term extension. In the case of a
limited set of alternatives, which might include relatively newer
biologics, inclusion of such a comparator can drive up the cost of

drug development considerably. Moreover, the prospect for partic-
ipation in uncontrolled extensions also provides incentives for pa-
tients to participate in the parent trials, especially considering the
opportunity to switch from placebo to the active treatment group,
and thus obtain early access to a promising new product for an
extended period. Despite these benefits, uncontrolled extensions
face the dilemma that without a control group it is generally not
possible to draw causal inferences about effectiveness and safety.
New safety signals that emerge during the extension period need
to be interpreted in the context of background risk of the target
population, which may not be available. For example, in the case
of sirukumab, an IL-6 inhibitor submitted for regulatory approval
for treatment of moderate to severe rheumatoid arthritis, mortality
during the uncontrolled extension phase was found to be higher
than that during the placebo-controlled period. Because of the
missing contemporaneous control arm in the extension study, the
FDA advisory committee was unable to discern whether the excess
mortality risk was an artifact of selection bias related to the trial
design or a true long-term safety signal. The advisory committee
voted 12 to I against drug approval.s’6

Problems regarding appropriate data on background rates for ef-
fectiveness or safety outcomes have long been recognized for single-
arm trials, which may be conducted and considered adequate for
approval if patient recruitment for randomized designs is infeasi-
ble.” Context for the interpretation of single-arm trials is sometimes
provided via external control groups, which can be established from
placebo or active arms of previous clinical trials with similar selec-
tion criteria or other cohorts of untreated patients or patients with
other active treatments and similar characteristics as the trial sam-
ple. Particular promise lies in the increasing availability of real-world
data sources to identify external controls, though comparability of
patients’ baseline risk, medical practice, use of similar diagnostic cri-
teria and follow-up procedures need to be addressed.®’

Theoretically, as with single-arm trials, the same approach can
be used for uncontrolled extensions of RCTs, although additional
challenges exist. For example, while selection criteria of external
control groups for single-arm trials may be guided by the origi-
nal trial selection criteria, the same process for extension studies
is complicated by attrition primarily due to lack of efficacy or ad-
verse events over the course of the parent RCT, leaving a subgroup
transiting into the extension that may not be representative of the
original trial enrollees (Figure 1).

active treatment 2 open-label active treatment
arm d.f
End o
TO i i extension
Uncontrolled Selection Selection s
extension criteria A criteria B End of
placeboarm ' open-label active treatment C";"'o”
T
External * .
control
To T,
Selection
criteria B’

Figure 1 Design of uncontrolled extension with external controls. T, represents the start of parent trial and T, represents the start of uncontrolled
extension. Participants who received placebo in the parent trial cross over to active treatment during the extension period, while participants who
received active treatment remain on active treatment during the extension period. [Colour figure can be viewed at wileyonlinelibrary.com]
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In light of rapidly increasing interest in and use of real-world
evidence for clinical and regulatory decision making,9‘10 it is im-
portant to understand whether and how external controls for
uncontrolled extensions of RCTs are used. This project aimed to
systematically identify and describe characteristics of uncontrolled
extensions following randomized controlled phase ITand ITI parent
trials, including use of external controls. We also reviewed methods
in the identified uncontrolled extensions that employed external
controls to inform future recommendations regarding good phar-
macoepidemiologic practices for the conduct of and communica-
tion about the design and results of such studies.

Methods

Systematic Search for uncontrolled extensions of RCTs

We conducted a search in the clinicaltrials.gov database to identify uncon-
trolled extensions using the following search strategy: keyword: extension or
continuation; filter: phase Il or IIT; and time span: May 14, 2009 ro May 14,
2019. The process used by clinicaltrials.gov to register clinical studies has
been described previously.'* In brief, clinicaltrials.gov is a web-based repos-
itory of information about clinical studies and their results. Initiated by the
US Food and Drug Administration and maintained by the National Library
of Medicine at the National Institutes of Health, clinicaltrials.gov is one of
the largest public databases of clinical studies in the world. It includes both
publicly and privately supported clinical studies in all 50 US states and 220
countries. Trial information including both mandatory and optional data
elements are self-reported by sponsors and investigators. A primary reviewer
(CYW.) screened all identified studies to determine inclusion. Studies
with ambiguous information that did not allow explicit application of the
inclusion criteria were forwarded to three secondary reviewers (N.S., B.G.,
and J.A.B.), and disagreements were resolved via discussion. Final inclusion
and exclusion criteria were derived during review of a preliminary sample of
studies and then applied in the subsequent selection process. Parent trials
had to be phase IT or IIIRCTs, and the extension had to lack a control group
originating from the parent trial; combined extensions where participants
from more than one trial entered an uncontrolled extension were included,
if any of the parent trials was an RCT. Studies that were terminated but
indicated initial intent for an extension were included. Extensions with ad-
ditional experimental components, such as additional crossover treatment
assignments, were excluded. Finally, single-arm treatment group extensions
where treatment was discontinued during the extension were included,
given the potential benefits of employing external controls.

Whenever the information provided in clininicaltrials.gov was not ad-
equate to apply these criteria, an attempt was made to contact the listed
principal investigators or the sponsor. The following information was ex-
tracted for all included studies: phase of the parent RCT, sample size, main
condition (grouped into nine therapeutic categories), duration of uncon-
trolled extension, whether there were multiple dosing arms, and primary
outcomes assessed in the uncontrolled extension. Primary outcomes were
grouped into four categories: safety only; effectiveness only; safety and
effectiveness; or not reported. Study duration was based on the longest
follow-up time regardless of treatment duration.

Search for uncontrolled extensions with applied external
controls

To assess the use of external controls, a second search was conducted in
the clinicaltrials.gov database by expanding the original search strategy
with the requirement for the terms external control or historical control.
To identify relevant publications, we also conducted a search in PubMed
using the following search strategy: (active ingredient) AND (extension*
or continuation®) AND (study completion date (Date - Publication):
3000 (Date - Publication)) (filters: Clinical Trial; Humans). For exam-
ple, for the Open Label Extension Study for the Long-term Efficacy and
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Safety of FG-4592 in Dialysis and Non-dialysis Chronic Kidney Discase
Patients (NCT01630889), which was started in May 2012 and was com-
pleted in December 2019, the following search strategy was adopted:
FG-4592 AND (extension® or continuation™) AND (2019/12/01(Date -
Publication) : 3000 (Date - Publication)) in which 3000 (Date -
Publication) represents the present in PubMed. With this search strategy,
all articles indexed in PubMed with the term “FG-4592” and “extension”
or “continuation” published between study completion date and the date
of the search were identified. The same strategy was adopted for all other
extension studies identified in the clinicaltrials.gov database. Articles
were included if the data from extensions were compared with external
controls. The following information was extracted: publication year,
title, condition, active ingredient, duration of parent trial, treatment
arms for parent trial, duration of extension study, treatment arms for ex-
tension study, outcome assessed in extension study, outcome assessed for
external control comparative analysis, data source for external control,
sample size for extension study group and external control group, and
whether there were multiple dosing arms.

Appraisal of uncontrolled extension studies with external

controls

Because the application of external controls in uncontrolled extensions
to RCTs is a new field in observational study design, we conducted a
qualitative appraisal of the identified published studies based on appli-
cation of best pharmacoepidemiologic practices. To focus on specific
methodological challenges for the design and analysis of uncontrolled
extensions with external controls, we reviewed best practices from com-
mon published pharmacoepidemiologic standards and two recent pub-
lications with specific focus on this topic (Table 1).483°5 We selected
best practice criteria for studies that explicitly aimed to conduct a formal
comparison between the extension and the external controls. The criteria
were revised and refined by consensus among authors. Studies listed only
on clinicaltrials.gov but without any full publication were excluded from

appraisal due to the limited information available.

Results

Systematic search for uncontrolled extensions of RCTs
Among 216,944 clinical trials registered in clinicaltrials.gov be-
tween May 14, 2009 and May 14, 2019, 3,262 were identified by
the online search and 1,115 uncontrolled extension studies met the
inclusion criteria (Figure 2). More than half (62.2%) originated
from phase III RCTs. Therapeutic categories were diverse, includ-
ing 348 (31.2%) trials with treatments for central nervous system /
movement disorders, 283 (25.4%) for autoimmune/inflammatory
disease, 131 (11.8%) for metabolic/endocrinologic disease, and 106
(9.5%) with indications in hematology/oncology (Figure S1). Most
uncontrolled extensions (82.2%) had only one active treatment arm
without dose comparisons. Sample size was right-skewed, with a me-
dian of 158 and a maximum of 27,395 enrollees. Among all 1,115
uncontrolled extension studies, 919 (82.4%) specified their primary
outcomes, including 569 (51%) that identified a safety outcome
(61.9% of those that specified an outcome), followed by 206 (18.5%)
with an effectiveness outcome and 114 (12.9%) specifying both
safety and effectiveness outcomes. The mean study duration was
around 2 years, and 89 (8%) uncontrolled extensions did not report
study durations. The number of uncontrolled extensions increased
over the past 10 years, so did the proportion of uncontrolled exten-
sions to all phase IT and III clinical studies registered in clinicaltri-
als.gov, with about 4.5 additional studies per year for the absolute
number or 0.07% increase per year for the proportion (Figure S2).
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Table 1 Condensed criteria for design and analysis of uncontrolled extensions with external controls

Category Criteria

Data source Rationale for selection of data source (fitness for purpose) is provided; setting and standard of care are similar to
extension

Sampling - Trial inclusion / extension inclusion criteria are replicated in external control

+ Comparison of baseline characteristics allows assessment of selection bias: Exhaustive assessment of key risk fac-
tors for the outcome among external control and extension enrollees, stratified by crossovers (where characteristics
are assessed at time of extension) and continuers (where characteristics are assessed at original trial enrollment)

+ Achieves adequate balance of baseline characteristics and during follow-up (with time-varying exposure assignments)

Outcome - Outcome measurement in external control has similar accuracy, precision, and ascertainment frequency as in the
extension

+ Selected outcome is valid in open-label settings and differential misclassification is unlikely

Exposure - Sufficient detail of external control exposure (especially for active comparator designs) is provided

- Start of follow-up for external controls matches that for extensions and avoids bias (e.g., via differences in disease
progression or immortal time)

- Sufficient detail on variation in treatment duration, switching and gaps for both extension and the external controls,
and related biases are addressed where appropriate (e.g., avoid ITT for noninferiority findings or analysis of safety
outcomes)

Attrition - Provides detail on attrition and missingness to allow assessment of related biases

Adequately addresses differential loss to follow-up and censoring (if informative censoring is suspected)

ITT, intention to treat.

Search for uncontrolled extensions with applied external
controls

Our second search in clinicaltrials.gov added the keywords “exter-
nal control or historical control,” resulting in 107 listings. Upon
review, only three actually incorporated external controls. Many
false positives arose due to the search terms being used in a dif-
ferent context, or it was an indication that planned comparators
had not been used. None of the three studies that used external
controls was published.

For the PubMed search, we identified 760 uncontrolled ex-
tensions that were completed by the time of the search (May 14,
2020). The search strategies identified 1,465 studies in PubMed
of which 8 studies were uncontrolled extensions with external
controls. These eight publications originated from four extension
studies. Therefore, we identified 7 (0.6%) RCT extensions that
employed external controls (4 from PubMed and 3 from clinical-
trials.gov) out of all 1,115 uncontrolled extensions (Table 2). All
seven studies involved drugs indicated for rare conditions. The
study duration ranged from 24 weeks to 168 weeks. Five out of
seven extension studies had more than one dosing arm, and two
used more than one external control group. Five out of a total of
nine control groups were untreated patients or patients receiving
placebo from other clinical trials; one study enrolled external con-
trols who received another specified treatment; and three enrolled
patients with unspecified treatments. Data sources for external
controls were prior clinical trials or disease registries. The major-
ity of studies evaluated effectiveness, with only one reporting both
safety and effectiveness end points.

Appraisal of uncontrolled extension studies with external
controls

In our appraisal of study methods several themes emerged. First,
because the evaluation of most disease conditions involved in the
identified studies relied on functional assessments (e.g., 6-minute
walk tests) or specific assays that are not typically performed and/
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or systematically recorded during routine clinical care, all studies
had to resort to other prospective cohorts (including prior clinical
trials and disease registries) for the identification of external con-
trols. Because such data are limited, especially in rare diseases, the
authors may not have felt compelled to discuss their rationale for
selection of a particular external data source or to assess fitness for
purpose. Only one study, with a focus on muscular dystrophy, in-
cluded a statement that the identified sources for external controls
were the only natural history data sets that provided similar stan-
dardized assessments of their primary outcome, had similar inclu-
sion criteria as the uncontrolled extension and similar patient care
standards.’® We also noted that most manuscripts had a strong
focus on the uncontrolled extensions, oftentimes with more de-
tails devoted to the presentation of single-arm assessments in the
extension rather than the comparison between the uncontrolled
extensions and the external controls. Accordingly, there were
disparities in descriptions of the enrollment criteria, outcomes
ascertainment methods, and attrition when compared with the
external controls for which such detail was commonly omitted.
We elaborate on examples in the following sections and Table 3.

Sampling and selection bias: Similarity of enroliment criteria
and between-group balance of risk factors for the study
outcomes

We found it difficult to evaluate the similarity of selection crite-
ria between uncontrolled extensions and external control groups
because criteria were not commonly reported side by side. Most
studies reported inclusion and exclusion criteria for entry into the
extension phase, but such criteria for the external control cohorts
were often unspecified. Sometimes replicating inclusion criteria
that were employed for the extensions was infeasible because the
relevant data were not available in the external control data source,
especially when implicit criteria based on investigator or clinician
assessments were used. For example, in the cystic fibrosis study
conducted by Konstan ez al., exclusion criteria for enrollment in
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Total studies identified by search strategy:
keyword: extension OR continuation; filter: phase Il
or lll; and time span: May 14, 2009 to May 14, 2019
(N = 3,262)

(
L

Excluded because not meeting selection
criteria after first round screening
(N =2,008)

l

Included because meeting
selection criteria after first round

(N =1,032) (N =222)

Pass to panelist for second round
review because of ambiguity

Excluded because not

(meeting selection criteria

Included because meeting selection
criteria after second round
(N = 68)

L after second round

(N =101)
Clarification from
sponsors needed
(N=53)

Excluded after communication
with sponsors because not
meeting selection criteria
(N=4)

l

Hand search
(N=1)

Included because meeting
selection criteria after
communication with sponsor
(N =14)

Excluded because of
unsuccessful contact
(N =35)

Figure 2 Uncontrolled extension study selection. Blue boxes represent studies that were included. [Colour figure can be viewed at

wileyonlinelibrary.com]

the extension phase included “any comorbidity ... or laboratory ab-
normality that, in the opinion of the investigator, might confound
the results of the study or pose an additional risk in administer-
ing study drug to the participant.”l7 In addition, certain exclusion
criteria, such as history of drug intolerance and poor compliance
with treatment during the initial trial phase, may intuitively en-
hance the success of the extension studies (e.g., by decreasing risk
for attrition), but may lead to the risk of selection bias for the com-
parison to the external control if they were not highly correlated
with other disease risk factors available in both data sources.

Most studies presented a table that compared baseline charac-
teristics between enrollees in the uncontrolled extensions and ex-
ternal controls. However, these characteristics were not necessarily
incorporated in the outcome analysis. For example, while the above-
referenced cystic fibrosis study17 used propensity score matching
based on an exhaustive list of covariates, the Morquio A syndrome
studies limited adjusted covariates to age, height, and the baseline
value of the respective outcome.'®?! These studies used explicit in-
clusion and exclusion criteria for the extension that were replicated
with the external control data source and showed similar baseline
characteristics in regard to these criteria. It should be noted that
no publication discussed the potential for residual selection bias by
highlighting important risk factors for the outcome that could not
be assessed for balance because they were not available in the data
sources.

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 111 NUMBER 1 | January 2022

We also encountered problems in determining the timepoint
when baseline characteristics were measured relative to follow-up.
This was complicated by varying definitions of study entry, e.g.,
start at the initial trial enrollment vs. start of the extension and du-
ration of treatment in the parent trial. The definition of baseline
for extension patients who had crossed over from placebo to treat-
ment assignment was sometimes unclear, thus compromising the
ability to assess presence of selection bias. This issue was further ex-
acerbated by the retrospective nature of the external control group
data: Even when these data were originally ascertained following a
predefined protocol, the time frames for ascertainment may have
been different, thus complicating the definition of a common base-
line period among extension and external control patients.

Outcome ascertainment and measurement bias

We noted that detail about the ascertainment of clinical mea-
sures was typically more comprehensive than for patient-reported
outcomes, which in fact may have greater susceptibility for mea-
surement bias. Detail about outcomes ascertainment, especially
frequency thereof, was generally more comprehensive for exten-
sions than for external controls. Some authors pointed to the
similarity of specific standards in outcomes ascertainment across
comparison groups. For example, in one muscular dystrophy
study, the authors state that “the assessment of the 6-minute walk
test in the historical control was performed by specifically trained
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Table 3 Qualitative methodological assessment of four published uncontrolled extensions with external controls

Study
# Matching inclusion criteria Similar outcomes ascertainment Changes in exposure Attrition
#1 - Could not emulate exclusions based on  Similar standard assessments Not considered for Insufficient data to assess;
investigator assessment of higher risk ~ and similar minimum number of extension; ignored differences in the number
for adverse events and history of poor assessments for rate of change external control and timing of assessments is
compliance analyses treatments acknowledged
- Propensity score matching achieved
balance of an exhaustive list of disease
markers and outcomes risk factors
#2 - Could emulate extensions inclusion Similar standard assessments ITT and per protocol Limited attrition among
criteria except for treatment compli- and similar criteria for measure analysis for extension; extension subjects but
ance (required for per-protocol analysis) timing, though assessments external control was  significant attrition in external
since external controls were untreated for external control occurred untreated control; detail for attrition
+ Similar demographics and baseline systematically later; inadequate not provided; baseline
values of efficacy outcomes; exten- detail on administration of PRO characteristics of initial and
sion characteristics are reported from surveys to assess potential for remaining external controls are
initial entry to the parent study for both bias compared; ITT stops analysis
original treatment and placebo group; at point of follow-up
ANCOVA adjusted for age, (height) and
baseline values of the outcome, but not
other disease markers or risk factors
#3.A - Original manuscript reports no detail on - Blinded analysis of tissue Extension subjects It is unclear how and when
inclusion criteria for external control; samples from extension and received weekly external controls were
review of trial inclusion criteria from external controls; infusions and sampled from the control
which external controls were sampled + Follow-up time when samples no problems arm of another trial and thus
suggests slightly different criteria; un- were obtained for external with treatment attrition cannot be assessed;
clear what sampling criteria were used controls is unclear; discontinuation are reason for loss to follow-up
+ Comparison of baseline characteristics -+ Follow-up does not distin- reported; external among extension subjects is
is not provided and no adjustment for guish between original trial control was untreated provided
baseline differences is conducted enrollees who continued and no further detail
treatment vs. placebo pa- on relevant changes
tients who cross over during follow-up is
reported
# 3.B - Similar inclusion criteria for both -+ Similarity of outcomes ascer- Detail on extension Detailed report on attrition
extension and external control are re- tainment is addressed; treatment was in both groups; sensitivity
ported; comparison groups are further - Present rules how assess- minimal but based on analysis included patients lost
restricted in a second step to match on ment frequency of external companion manuscript to follow-up by carrying the last
key risk factors for disease progression controls was aligned with was consistent; no observation forward
- Baseline characteristics for extension that of extension; detail on treatment of
and external controls are presented; un- -+ Similar follow-up time external controls
clear when assessments for crossover with approach to address
(former placebo group) were conducted attrition;
+ Analysis adjusted for age and geno- + Follow-up for crossover
type and baseline values of outcomes (former placebo patients)
measure commenced adequately at
start of the extension while
former treatment patients
contributed time from both
the original trial and the
extension
#4 + Study pooled several trials and two Unclear when and how eGFR Treatment duration Attrition and reasons for

sources for extension rendering com-
parison of enrollment criteria difficult;

+ Uncontrolled extension and external

controls were matched on age, sex,

and eGFR; comparison of baseline char-
acteristics is limited to a similar set

of variables and no other attempts to
balance comparison groups are made;
data for external controls are largely
from earlier years and no discussion of
changes in standard of care is provided

was measured for external
controls; definition of baseline
relative to start of the extension
was not provided

for extension during
follow-up was
unclear; no detail
on treatments for
external controls

attrition are described for the
extension but not the external
controls; follow-up ends
at last outcomes measure
ascertained during treatment;
attrition bias cannot be
assessed due to missing
information

ANCOVA, analysis of covariance; eGFR, estimated glomerular filtration rate; ITT, intention to treat; PRO, patient reported outcomes.
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physiotherapists according to the same established standards used
for the eteplirsen-treated paticnts.”16 In addition, explicit rules
for the selection and temporal alignment of tests for longitudinal
analysis were reported. In contrast, in the Morquio A syndrome
study, while aiming to align measurement intervals, the authors
arrived at an appreciably delayed assessment pattern for the ex-
ternal controls. For example, visits intended to be at a 12-month
follow-up in the external controls included assessments collected
between days 270 and 609 with a mean of 446 days and standard
deviation of 74 days.18

Exposure during follow-up and related biases

Some studies reported details on the treatment modalities for
the external controls or imposed explicit restrictions to ensure
homogeneous (e.g,, truly untreated) comparison groups, while
others provided no such details. Details regarding adherence and
persistence on treatment were typically more complete in un-
controlled extensions, though approaches to address treatment
changes varied.

For the uncontrolled extension arms, most studies noted that
patients received different treatment (active treatment or placebo/
standard of care) during the parent trial period, though they ad-
opted different approaches to address the differences in earlier
treatments. For example, in the cystic fibrosis study, participants
in the extension trial represented a mix of 1/3 former placebo and
2/3 former treatment patients.17 The outcome, rate of change in
percent predicted forced expiratory volume from baseline, was an-
alyzed in two mixed-effects models for repeated measures. Baseline
was defined differently in these two models, one as the baseline in
the parent study and another as the baseline before the first active
treatment. In contrast, the Morquio A syndrome studies included
only enrollees who had been in the active treatment group of the
parent trial. Evidently, these decisions were influenced by assump-
tions about disease progression and the relative impact of the active
treatment in the parent trial on the observed outcomes in the exten-
sion phase. Of note, some studies with different start of follow-up
for previous treatment and placebo patients failed to provide group-
specific detail on whether the reported baseline characteristics orig-
inated from the entry in the parent trial or extension period.

The challenges in appropriate lineup of comparison groups are
illustrated in the following. Figure 3 illustrates a design where
follow-up time begins at start of treatment, resulting in different

Selection
criteria A

Uncontrolled extension

entry times for previous treatment and placebo group. Follow-up
begins at the start of parent trial (7}) for the former treatment
group and begins at the start of extension (7)) for the former pla-
cebo group. Selection criteria A represent the selection criteria for
the parent trial and selection criteria B represent the selection cri-
teria that were further applied when participants entered the ex-
tension phase. This design maximizes the number of enrollees and
follow-up time available for analysis. However, the validity of the
design relies on the assumption that significant disease progression
is not expected during the parent trial period and that baseline
characteristics of the treatment group at 7, and the placebo group
at T, are similar. It should also be noted that potential differences
in ascertainment of risk factors at 7}, and 7', will complicate this
design and the alignment of a suitable external control group.

Figure 4 illustrates alternatives concerning how potential biases
of this approach could be addressed. In scenario 1 follow-up begins
at the start of the extension, resulting in a single point for both
former parent trial groups when disease risk factors are assessed
and aligned with the external control. However, the observed
treatment effect during the extension will not only be attributable
to new drug exposure during the extension, but for the previous
treatment arm patients, also to carryover effects from previous
treatment during the parent trial. This is especially concerning
when evaluating safety end points because patients in the former
treatment group who remain for the extension are most likely those
who tolerate the drug. These patients can be fundamentally differ-
ent from patients in the former placebo group, especially in terms
of their risk of developing adverse events. Scenario 2 recognizes po-
tential differences in disease progression and other risk factors and
constructs separate external comparisons for the former treatment
and placebo groups, and thus minimizes selection bias. Scenarios 3
and 4 represent the same approach but the comparison is restricted
to one of the former parent trial arms. It should be noted that while
scenario 4 maximizes the available follow-up during treatment, the
additional selection criteria at the time of extension create a sub-
group, which may not be representative of the parent trial treat-
ment arm. Thus, both sets of risk factors at T, and T, may need to
be considered when selecting an external control group.

Attrition and related biases
Differences in data sources may lead to differences in follow-up
time and informative censoring. For example, if the extension

Selection
criteria B

former treatment

Uncontrolled extension

T

1

TO

o
Selection
criteria B

former placebo

External control

o

Selection
criteria B

Figure 3 Follow-up for former treatment group starts at parent trial enroliment, while former placebo group starts at the extension phase. T,
represents the start of parent trial and T, represents the start of uncontrolled extension. [Colour figure can be viewed at wileyonlinelibrary.com]
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A ; 1
time of the extension

|External control (Both)l . =

Scenario 2 ’ UE: former TX . =
[+]

Separate analyses of i External control (TX) ‘
former treatment and . To

former control groups

with separate external \ UE: former PBO | .

T
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[ UE: former PBO .

Retain only former
placebo group

T

1
{Extcrnal control (PBO) E -

(new users)

Scenario 4 \

UE: former TX ’
Retain only former

T

A ®

1

o
treatment group ’ External control (TX) ‘ =

Figure 4 Alternative scenarios to address differences in study entry and follow-up among former parent trial treatment and placebo groups.
T, represents the start of parent trial and T, represents the start of uncontrolled extension. PBO, placebo; TX, treatment; UE, uncontrolled

extension. [Colour figure can be viewed at wileyonlinelibrary.com]

trial loses patients for reasons that are associated with the study
outcome (e.g., patients susceptible to drug side effects), whereas
external controls from registries or real-world data may remain
available, the differential composition of baseline risk among
comparison groups, even if originally balanced upon study entry,
leads to bias. If this type of bias presents, statistical methods that
address informative censoring and/or data missingness are essen-
tial. Neither detail on attrition that allowed assessment of bias nor
methods to address related bias were consistently reported in the
published studies.

For example, in the cystic fibrosis study, while patient attrition
and reasons for loss to follow-up for extension were reported, this
detail was not described for the external control group.17 In the
Morquio A syndrome studies, attrition from the uncontrolled ex-
tension was limited, but the registry used to develop the external
control cohort experienced significant loss to follow-up (11% vs.
59%). Reasons for loss to follow-up were provided for the exten-
sion but not the external control group, limiting assessment of at-
trition bias, though comparisons of baseline characteristics of the
initial and remaining external control cohort were provided in the
supplementary material of the published article.*” In this study,
which reported results from an intention-to-treat and per-protocol
analysis on longitudinal changes in outcome measures, no attempt
was made to address loss-to-follow-up in the intention-to-treat
analysis. Instead, patients who discontinued treatment were ex-
cluded from further analyses. Traditional methods to evaluate bias
imposed by such exclusions would be imputation approaches but

196

given the observational nature of the study design, formal epidemi-
ologic approaches to capture attrition bias such as use of censoring

weights could also be considered.?>%

Discussion

In this review, we identified a sizeable and growing number of
uncontrolled extensions to phase ITand III clinical trials but only
a small proportion (7 out of 1,115, 0.6%) that attempted to em-
ploy an external control to add context for observed outcomes
and enhance the study’s ability to draw safety and/or effective-
ness inferences. Though we may have missed some studies using
external controls, our small overall yield emphasizes the strong
discrepancy between the interest in long-term extensions and the
reported use of external controls in such settings. We commonly
found that results from extension studies were reported descrip-
tively in simple case series or with comparison to reference data
with unknown applicability to the trial population. Considering
the increasing adoption of pharmacoepidemiologic methods in
evaluating effectiveness to support both new indications and
in addition to these meth-
ods’ long-established use in drug safety evaluations, we noted

new drug/biologic applications,**%¢

the limited consideration that has been given to these methods
in the design enhancement of uncontrolled extensions. Use of
external controls that are sampled from data sources that are fit-
for-purpose and analyzed with prespecified protocol and appro-
priate causal inference methods do not only provide context for
emerging safety concerns but can also support inferences about
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long-term effectiveness and/or safety, considering background
risk and disease progression.

Review of the methods in published uncontrolled extensions
with external controls solidified the impression of a focus on the
uncontrolled extension on its own rather than the value added by
an external control. In this paper we described examples of enroll-
ment criteria that were not reproducible with real-world data sets,
thus limiting the ability to establish balanced comparison groups.
We noted disparities in the description of sample characteristics,
exposure, measurement detail, and attrition. Lacking key informa-
tion about the external control cohorts did oftentimes preclude as-
sessment for potential bias. Perhaps compounded by small sample
sizes, which limited the range of statistical adjustments that would
have been possible, several studies showed only a small number of
baseline characteristics for comparison, which was mirrored by lim-
ited assessments for attrition bias. We noted several opportunities
where the review and integration of best pharmacoepidemiologic
practices in the 4 priori design of uncontrolled extensions with ex-
ternal controls at the conception of the extension would have en-
hanced the rigor of the reviewed studies. We do acknowledge that
all uncontrolled extension studies that included an external control
in our defined sample focused on rare diseases with great challenges
in patient recruitment and availability of adequate data sources for
external controls. We should note that we cannot comment on the
growth of uncontrolled extension studies in the context of similar
extensions that did use randomized controls. If feasible, retention
of the original randomized exposure assignment would circumvent
some of the problems in balancing baseline risk of different popu-
lations and aligning different data sources, though challenges with
attrition, especially once efficacy results are available, may create
similar issues.

Although extension studies are common, whether the extension
was controlled or uncontrolled and whether an external control
was planned were often unclear or lacking in clinicaltrials.gov.
Given the growing prominence of these studies within an increased
interest in real-world evidence, we suggest amendments to the clin-
icaltrials.gov database that would enhance such detail, including
requirements for a detailed description of the extension phase of a
trial with designation of whether controlled or uncontrolled; cap-
ture of the intent to employ external controls and the data sources
for such controls; and cross-reference of uncontrolled extension
protocols, if registered separately, to the parent trial.

Our study has limitations. First, the search for uncontrolled ex-
tensions was limited to the clinicaltrials.gov database. While the
goal of the clinicaltrials.gov database is to provide a comprehensive
listing of all clinical studies, it does not contain information about
all clinical studies because not all studies are required by law to be
registered. Thus, the accuracy of our search relied on capture of
uncontrolled extensions in the database as well as the sensitivity
of the adopted search strategy, and some studies may have been
missed. Moreover, because clinicaltrials.gov allows sponsors to up-
date the information at any time, studies identified by our search
strategy can only represent planned extension studies at the time
of the search. Second, despite the capability to update the trial in-
formation, many records were not updated in a timely manner by
the sponsors or investigators when there is no incentive to do so.
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This influenced our search for uncontrolled extension employing
external control in PubMed. For example, if drug names changed
over time (e.g., from the company’s number designations to the
compound name) and were not updated in clinicaltrials.gov, our
PubMed search strategy would have failed to identify relevant
publications. Additionally, even though we attempted to find all
extension studies employing external controls by conducting fur-
ther searches in PubMed, the comparison between extensions and
external controls may be included in product filings to provide
regulators with safety/effectiveness context but are not recorded in
clinicaltrials.gov or available in PubMed. Our searches would fail
to identify such information if this is the case. Third, although we
observed an increasing trend in the number of uncontrolled exten-
sions from 2009 to 2018, this could also represent improvement in
reporting of uncontrolled extensions over the years. The passage
of FDA Amendments Act (FDAAA) section 801 in 2007 requires
more types of trials to be registered and additional trial registration
information to be submitted. FDAAA section 801 also established
penalties for failing to register or submit the results of trials.”’
This regulation which took effect in 2017 along with other state-
ments and policies (including International Committee of Medical
Journal Editors™ and NIH policy on the dissemination of NIH-
funded clinical trial information)*” have increased the registration
of clinical studies in clinicaltrials.gov over time.>° Lastly, the con-
densed criteria for design and analysis of uncontrolled extensions
with external controls presented in Table 1 were derived by the au-
thors based on their own experience and in response to the meth-
odological issues encountered in the included studies. Future work
should consider the development of consensus-based standards uti-
lizing a broader group of experts in this area and integrating others’
work, such as another recent compilation of potential biases in the
use of external controls for long-term trial extensions.’’ Despite
these limitations, our study is the first to quantify the number of
uncontrolled extensions and the application of external controls.
To the best of our knowledge, it is also the first study that qualita-
tively evaluated extension studies applying external controls based
on use of good pharmacoepidemiologic practices.

We conclude that the large and growing number of identified
uncontrolled extensions was in contrast to the small number of
studies that employed external controls, highlighting missed op-
portunities for more rigorous designs and appropriate contextu-
alization of safety and effectiveness outcomes. The small number
of published uncontrolled extensions with external controls ex-
hibited several opportunities for enhancement in design, mea-
surement, and analysis to allow causal inferences on long-term
effects. Actions to keep advancing the science through increased
engagement of pharmacoepidemiology best practice guidance at
the design level and prespecifying the methods and analysis plan to
address biases are needed.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).
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