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Supplementing Single-Arm Trials with External
Control Arms—~Evaluation of German
Real-World Data
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As single-arm trials (SATs) are increasingly used in pharmaceutical research, the validity of such study desighs needs
to be critically assessed. We characterize the feasibility of supplementing SATs with real-world data (RWD)-derived
external control arms by determining the proportion of SATs on breast cancer and amyotrophic lateral sclerosis (ALS)
for which an external control arm based on RWD can be constructed. The main outcome measure is the number and
percentage of trials for which all important eligibility criteria and at least one primary endpoint could be identified

in one of five German RWD sources. We surveyed all SATs concerning breast cancer or ALS treatment registered in
the European Union’s clinical trial registers between 2004 and 2023. Ten out of 379 breast cancer SATs and 2 of 11
ALS SATs could feasibly be supplemented with RWD-derived external control arms, if all important eligibility criteria
and a primary endpoint have to be identifiable in the RWD source. Ninety-three breast cancer trials had at least one
outcome ascertainable in a RWD source, and 35 trials had all important eligibility criteria recorded in a RWD source.
Nine ALS trials had at least one primary endpoint ascertainable in RWD sources, and 2 had all important eligibility
criteria recorded in a RWD source. Our study shows that SATs with RWD-derived external control arms will rarely be
suitable to establish treatment effects of medicines in the current setting for the investigated phenotypes and that
SATs should be designed with limitations of the source of external controls in mind.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC:?
] Regulatory guidance suggests that single-arm trials should

when requiring all important eligibility criteria and the primary
endpoint to be available in the external data source.
HOW MIGHT THIS CHANGE CLINICAL

only be considered if alternatives are not feasible. External control PHARMACOLOGY ORTRANSLATIONAL SCIENCE?

arms might improve the interpretability of single-arm trial results.
WHAT @ESTION DID THIS STUDY ADDRESS?

V] This study evaluates how well external control arms for single-
arm trials in breast cancer and amyotrophic lateral sclerosis can
be constructed using 5 different German real-world data sources.
WHAT DOES THIS STUDY ADD TO OUR
KNOWLEDGE?

] Important cligibility criteria or the primary endpoint were
missing for most single-arm trials. This suggests it is not feasi-
ble to construct external control arms for most single-arm trials

Single-arm trials (SATs) have gained popularity in pharmaceutical
rescarch over the past years,1 due to an increase in focus toward
medicines targeted at specific disease subtypes, patients with cer-
tain genetic markers, or rare diseases. Despite the drawbacks of
SATscompared to randomized controlled trials (RCTs), SATs have
their place in establishing drug effects because of, for example, the

M Our findings highlight the importance of designing exter-
nally controlled single-arm trials with the limitations of the ex-
ternal data source in mind.

ethical aspect of placebo treatments in fast-progressing discases or
increased patient motivation if every trial participant is certain to
receive the target treatment rather than a placebo.2

However, since SATs do not have a control group, it is much
more difficult to distinguish between observed changes due to
the treatment and those changes occurring independently of the
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treatment, for example, due to improved standard of care over time.
To facilitate this distinction, one option is to use external control
arms (ECAs) derived from real-world data (RWD). Patients can be
matched on relevant variables to increase the comparability of the
groups and to reduce the bias introduced by patient selection in the
SAT population.

When selecting an external control population, ideally all inclu-
sion and exclusion criteria of the single-arm trial are applied identi-
cally on the RWD population. Additionally, the endpoint of a trial
must be available in the RWD source. However, the information
about patients in RWD sources is limited and cannot easily be ex-
tended. Characterizing primary endpoints and eligibility criteria in
SATs and the feasibility of replicating them in RWD sources will
help guide researchers to design better studies and inform regula-
tors about the usefulness of requesting SATs to be supplied with
external control data.

In this study, we identify eligibility criteria, as well as primary
endpoints, used in SATs that would be required for supplementing
a RWD-based ECA. As a case study, we apply this to breast cancer
(BC) and ALS SATs in Europe over a period of 20 years. These two
discase phenotypes have been selected as examples for RWE use
in the pre-authorization phase in the project Real4Reg,3 to cover
both a rare disease and one of the most common types of cancer.

MATERIALS AND METHODS

Eligibility criteria, information sources and search strategy
We included relevant Phase II-IV clinical trials registered in one of the
two trial registers of the EU, EudraCT* and CTIS in which all Phase II-
IV trials in the EU need to be registered; EudraCT is the predecessor of
CTIS, with optional registration of trials in CTIS starting in 2022 and
mandatory registration in 2023. Information on all trials is made pub-
licly available on the public-facing sections of the registers, from which
we extracted the information for this study.
A trial was included in the evaluation if:

(a) It is registered in either EudraCT or CTIS by 31% December
2023,

(b) Itisdesigned or executed as a SAT and

(¢) Its patient population involves only BC or ALS patients

We excluded studies that aim to evaluate imaging methods or develop
prognostic or predictive models of an outcome. The search string used in
the two databases can be found in the Methods S1 in the supplemental
material.

In multinational trials, we extracted the information from the protocol
for the 1% country in alphabetical order for which the trial information is
available in either English or German. If no trial information is available
in those languages, we used the translation application DeepL® to translate
into English.

We evaluated the feasibility of ECA supplementation based on 5 differ-
ent German RWD sources, selected on the basis of sample size and public
availability of metadata. The RWD sources selected were billing data of
the statutory health insurance providers in Germany,7 an epidemiologi-
cal cancer registry,8 a clinical cancer rcgistry,9 an ALS registry,10 and elec-
tronic health record data.'' A description of the data sources is given in
Table S1 in the Methods S1.

Study records
All relevant information for included trials was downloaded from the
public-facing areas of the two registers using the R package ctrdata.? In
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a first step, we screened all trials included in CTIS for duplicate entries,
and if relevant, deleted those entries from the list of FudraCT trials.
The remaining trials were screened for inclusion independently by two
researchers.

The data items retrieved from the registers are listed in the Methods
S1. Trial eligibility criteria, as well as outcome measures, were categorized
into pre-specified super-categories to allow for efficient assessment of rep-
lication feasibility. Super-categories were created by reviewing eligibility
criteria in an arbitrarily selected set of 8 randomized breast cancer trials
and 6 randomized ALS trials, with post-hoc additions if a criterion did
not fit any of the pre-specified categories. Categorization was performed
independently by two researchers.

Main outcome measure

To evaluate the feasibility of replicating the trial eligibility criteria of

the given SATs, we graded each identified eligibility criterion category

via the two domains of availability and importance. Information on the

grading with examples is given in Table $2 in the Methods S1.
Availability refers to the presence of data on each eligibility category in

the relevant data sources. The levels of availability are:

(1) Datadirectly available
(2) Canbe approximated with available data
(3) Not feasible to approximate

Importance refers to the potential impact the presence/absence of data
on a specific eligibility category has on analysis results. The levels of im-
portance are:

(I) Without impact on research question
(2) Conservative estimation possible
(3) Crucial for research question

As availability of the primary endpoint in RWD sources is crucial for
the supplementation of an external control arm, the evaluation is limited
to one dimension with the following levels:

(1)  Exactly available
(2) Conservative estimation possible

(3) Notavailable

Supply of an external RWD-based control arm was judged to be feasible
if there are no eligibility criteria having both importance and availability
level 3 and at least one primary endpoint having availability levels 1 or 2.
The full evaluation of availability and importance is given in Tables S3
and $4, and definitions for each eligibility criterion category are given in
the Methods S1.

Other variables of interest

For all trials, we characterized the trial phase (Phase II, III or IV), trial
status (e.g., ongoing, completed), status of sponsor (e.g., commercial, ac-
ademic), date of record entry, whether the SAT is an extension to a pre-
vious trial, and, if applicable, competent authority decision, end of trial
status, and the corresponding decision and end of trial dates.

Statistical analysis
We used descriptive statistics, characterizing frequencies of eligibility
criteria used, frequency of outcome measures used, and shares of trials
for which RWD-based external control arms can be feasibly supplied. As
supplementary analysis following the methodology of Bartlett et al.,”?
we describe which share of eligibility criteria can be replicated in RWD
sources.

Tables and (plots were generated in R,14 using the packages openxlsx15
and ggplot2.'®
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RESULTS
In the years 2004-2023, 412 SATs concerning breast cancer or
ALS patients were registered in the EU, including 22 (11BC, 11
ALS) extension studies, that is, studies providing patients with
treatment medication after completion of a previous trial. We ex-
cluded those trials from our study, as the trial eligibility criteria
were not well described and referenced the original trials without
enough identification details. See Figure 1 for the study flowchart.
Of the remaining 390 trials included in the final evaluation, 379
trials were BC SATs and 11 ALS SATs. Out of the BC SATs, 219
(57.8%) were registered by non-commercial sponsors, 190 (50.1%)
were completed, 61 (16.0%) ended prematurely, 1 (0.3%) was tempo-
rarily halted, and 122 (32.1%) were still ongoing. Four trials (1.1%)
executed solely in Great Britain were not followed in EU registers after
Great Britain left the EU. Of the BC SATs, 342 (90.2%) were Phase
II (Therapeutic exploratory) trials, 16 (4.2%) Phase III ( Therapeutic
confirmatory) trials, and 18 (4.7%) Phase IV (Therapeutic use) trials.
Figure 2 shows the distribution of SATs by year, indicating a slight
downward trend in the number of BC SATS registered in the EUL
Out of the 11 ALS SATs, 4 (36%) were registered by non-
commercial sponsors, 7 (64%) were completed, 2 (18%) ended
prematurely, 1 (9%) was ongoing, and 1 (9%) was not followed up
after Great Britain leaving the EU. There were 9 (82%) Phase II
trials, 1 (9%) Phase III trial, and 1 Phase IV trial. Figure 3 shows
the distribution of ALS SATs by year, indicating a slight increase in
the number of trials in recent years.

Inclusion and exclusion criteria

Of the 379 BC SATSs, 248 (65.4%) trials had restrictions on partic-
ipants’ gender — 247 trials (65.2%) included only female patients,
1 trial (0.3%) only male patients. One trial included patients
below 18years of age. The 3 most common BC-specific criteria
were restrictions on the tumors’ HER2, estrogen receptor (ER) or
progesterone receptor (PR) status. Two hundred eighty-three tri-
als (74.7%) had restricted participants’ HER2 status, 183 (48.3%)
the ER status, and 151 (39.8%) the PR status. In total, 319 trials

2376 Trials assessed for eligibility
1881 BC
495 ALS

(84.2%) required a certain performance status such as the Eastern
Cooperative Oncology Group (ECOG) performance status, and
364 trials (96.0%) had restrictions on prior or concurrent medica-
tions (excluding the trial medication).

None of the 11 ALS SATs had restrictions on a participant’s
gender or included patients below 18 years of age. One trial (9%)
had restrictions on participants’ ALS family history, 4 trials (36%)
had requirements on ALS-related performance scores, and 7 trials
(63%) required other psychological testing outside routine care.
Seven trials (63%) also had a limitation on a participant’s time
since the onset of ALS symptoms.

The full table of eligibility criteria categories, as well as primary
endpoints per trial, can be found in Table S5.

Endpoints

A full table of primary endpoint counts is given in Tables $6 and
S$7. Two hundred fifty-two of the BC SATs (66.5%) used Response
Evaluation Criteria in Solid Tumors (RECIST) based rates and
47 (12.4%) Time-to-event endpoints based on RECIST. Eighteen
trials (4.7%) used occurrence of specific adverse events (AEs) as
endpoints, 12 of which would be routinely diagnosed. Thirty-five
trials (9.2%) registered occurrence of AEs or safety as primary
endpoints without further specification. Survival was a primary
endpoint for 7 trials (1.8%). Fifty-four BC SATs (14.2%) were reg-
istered with more than one primary endpoint.

Five of the 11 ALS SATs (46%) registered AEs or safety without
further specification as a primary endpoint, 4 (36%) listed specific
AFs, two of which (18%) would be routinely diagnosed. Seven trials
(46%) had laboratory or vital measurements as a primary endpoint.
Survival was an endpoint for 2 trials (18%). Nine out of the 11 ALS
SATs (82%) were registered with more than one primary endpoint.

Availability of inclusion and exclusion criteria and primary
endpoints

Out of the 379BC SATs, 10 trials (2.6%) would be suitable for
EHR-based ECAs, if all important eligibility criteria and a

1942 Trials not meeting inclusion criteria

l

430 Trials included in assessment
406 BC
24 ALS

1475 BC
467 ALS

18 Trials dropped during assessment
16 BC
12 Not only BC

412 Trials assessed
390 BC
22 ALS

4 No trial information
2 ALS
2 No trial information

22 Extension studies excluded

390 Trials included in analysis
379 BC
11 ALS

Figure 1 Study flowchart.

11BC
11 ALS
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Figure 2 BC studies by year of registration.

primary endpoint have to be available, 2 (0.5%) for ECAs based
on claims data and none would be suitable for ECAs based on ep-
idemiological or clinical cancer registries. The eligibility criteria
of 35 trials (9.2%) could be replicated in EHR data, 4 (1.1%) in
claims data and 1 (0.3%) in clinical and epidemiological cancer
registers. Ninety trials (23.7%) had at least one primary endpoint
that could be identified in EHR data, 51 (13.5%) in claims data
and 50 (13.2%) in clinical or epidemiological cancer registries. A
hypothetical linkage of the 4 RWD sources would allow for suit-
able ECAs for 17 trials (4.4%) and could replicate the eligibility
criteria of 70 trials (18.4%) and allow ascertainment of at least one
primary endpoint of 93 trials (24.5%).

Of the 11 ALS SATs, one (9%) would be suitable for an EHR-
based ECA, two (18%) would be suitable for claims-based ECAs,
and none for ECAs based on an ALS registry. For two (18%) trials,
all eligibility criteria can be validly replicated in EHRs and claims
data, and for none in the ALS registry. Eight trials (73%) have at
least one primary endpoint that could be ascertained in EHR data,
9 (82%) in claims data, and 3 (27%) in the ALS registry. A hy-
pothetical linkage between all 3 data sources would not improve
feasibility compared to claims data alone.

In a post-hoc exploratory analysis for EHR-based ECAs in BC
SATs, we see that the feasibility is slightly higher for Phase Il and
IV trials (8.8%, 7 =3) compared to Phase II trials (2%, »=7), and
there are no substantial differences between years of entry and
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between sponsor types (commercial vs. non-commercial). See
Table S8 for a detailed description.

Figures 4 and S show the results following the methodology of
Bartlett et al.'® The figures display what percentage of each SAT’s
eligibility criteria could be identified in RWD sources, regardless of
the importance of the criteria. We see that for EHR data, a consid-
erable number of BC SATs have more than 80% of their eligibility
criteria categories available, while most trials stay below 80% for
the other data sources in both ALS and BC trials.

DISCUSSION

We found that few breast cancer and ALS single-arm trials we
identified were suitable for RWD-based external control arms,
if requiring that all important eligibility criteria and a primary
endpoint of the SATs are available in the RWD source. This
highlights the massive challenges of supplementing SATs with
RWD-based ECAs, as has been described previously, for example,
by the FDA as follows: in many situations, however, the likelihood
of credibly demonstrating the effectiveness of a drug of interest with
an external control is low."”

In a similar study to ours," Bartlett et al. found that only around
15% of RCTs investigated allowed for replication of their eligibil-
ity criteria and endpoints in RWD sources. Another study found
that none of the 50 post-approval confirmatory clinical trials in
the United States could be emulated using RWD." Our results
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Figure 3 ALS studies by year of registration.

finding a lower share than that in Bartlett et al. has at least two
major reasons.

The first reason is the nature of SATs compared to RCTs. The
randomization aspect of RCTs enables identification of the treat-
ment effect by diminishing all outside influences on outcome de-
velopment when comparing between the treatment and control
groups. While traditionally, RCTs are still relatively restrictive with
respect to their participant populations, they can allow for rather
large heterogeneity among participants. Isolating the treatment
effect in a SAT is very challenging, as was highlighted in a draft
reflection paper by the European Medicines Agcncy.19 One of the
techniques to isolate the treatment effect is to homogenize the
trial population as much as feasible. This naturally requires more
stringent eligibility criteria, which diminishes the likelihood of all
criteria being recorded in RWD.

Secondly, Bartlett et al. judged a trial to be replicable if 80%
of its eligibility criteria and at least one endpoint were identified
in RWD. While we use the same condition for the endpoint, our
criterion for eligibility criteria is more restrictive, as we do not
allow any important criterion missing in RWD sources. We see in
Figures 4 and 5 that feasibility would improve for BC using the
metric of Bartlett et al.

Previous studies have also highlighted other challenges of SATs
with ECAs. When attempting to use an EHR-derived ECA, a large
number of missing baseline information may be found, which is

a challenge we have not incorporated into our analysis. Since SATs
are frequently proposed because of small sample sizes, having a
large share of information missing might not only bias results but
also reduce the utility of smaller RWD sources. Another review of
trials with ECAs found a major lack of methodological rigor when
utilizing external controls,”! with most trials not employing any
form of matching or weighting of patients between the trial popu-
lation and external control.

Studies attempting to calibrate ECAs to RCT arms have found
mixed results. While some studies have found similar overall
survival between the comparator arm of an RCT and that of an
RWD-based ECA,?*? other studies have observed overall sur-
vival estimates bein§ higher in trial populations than in matched
ECA populations.2 2

ies concerned non-small cell lung cancer, indicating that even

5 Interestingly, most of the calibration stud-

within the same phenotype, the validity of ECAs cannot easily
be judged.

Despite all challenges of complementing SATs with RWD-
derived ECAs;, there are still use cases where this study design can
be useful. A review of drug marketing authorization applications
(MAAs) found that 79% (27 of 34) of MAAs based on non-
randomized studies (most of which were single-arm or multi-arm
uncontrolled trials) with external controls as primary evidence
gained EU approval,26 highlighting that high-quality studies are

valuable in establishing therapeutic effects of medicines.
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Figure 4 Histograms of BC SATs, by the percentage of eligibility criteria categories that could be identified in the respective RWD source.

There are several ways to improve the evidence value of SATs
with ECAs. Our study highlighted a major one: Designing the
original trial with the ECA in mind. The definition of eligibil-
ity criteria as well as endpoints should be chosen such that both
clinical relevance and patient benefit are maintained and that a
valid comparison with RWD-based ECAs is possible. To ensure
this, regulators regularly highlight the importance of early inter-
actions during the trial design stage.27 The validity of comparisons
between trial participants and ECA subjects depends on a variety
of factors, including data quality, rigorous study design, appropri-
ate analytic methods, and adherence to good procedural practices.
Potential improvements to study design validity include utilization
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of matching or weighting methods such as inverse probability of
treatment weighting®® to establish comparable study groups,” hy-
brid ECAs incorporating trial participants,25 and quantitative bias
analysis for external control arms.”® On a global level, improving
the quality and quantity of information captured in RWD sources,
for example, by linkage of different data sources and variables,
would also improve research and decision-making involving RWD
considerably.

For the contextualization of our study, it is important to consider
that for our assessment of feasibility, we only considered replicabil-
ity of eligibility criteria and primary endpoints of SATs. There may
often be other variables that would be crucial to collect for successful
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Figure 5 Histograms of ALS SATs, by the percentage of eligibility criteria categories that could be identified in the respective RWD source.

participant matching, such as smoking status. We have also not con-
sidered methodological challenges related to effect estimation, such
as the challenge of defining time zero in time-to-event outcomes'’ or
the sample size remaining after applying all eligibility criteria.

While we investigated two phenotypes with distinct character-
istics—a rare disease with limited treatment options and one of
the most common forms of cancer, with a broad range of available
treatments—there might be other fields in which RWD-based
ECAs are more feasible for SATs. We saw that survival and occur-
rence of AEs were commonly available in RWD sources. SATs with
those endpoints, as well as some other endpoints like time-to-next-
treatment’’ could be more suitable for being supplemented with

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 118 NUMBER 6 | December 2025

RWD-based ECAs. The same is true for phenotypes where trials
have less restrictive eligibility criteria. That could include medica-
tions being targeted to the whole disease population rather than
populations defined using molecular analysis or by disease stage, as
we have often seen with BC.

Future research on the topic of external control arms could ex-
tend our evaluation to more disease phenotypes and other real-
world data sources. By considering both a rare disease and one
of the most common types of cancer globally, we hope to get
a relatively good contrast, but it is possible that SATs for other
phenotypes typically have less strict eligibility criteria and ECA
supplementation would be more feasible.
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While conducting SATs with RWD-based ECAs is an appealing
option in certain situations, our results indicate that this option
might not be feasible for many SATs, including most BC and ALS
trials, taking into account all eligibility criteria of SATs. Limitations
in the depth of data mean that endpoints and important eligibility
criteria often cannot be determined in the German RWD sources
examined. This shows that those limitations should already be con-
sidered when designing the SAT.

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