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Aim: Single-arm trials with external control arms (ECAs) have gained popularity in oncology. ECAs may
consist of primary data from previous trials, electronic health records (EHRs) or aggregate data from the
literature. We sought to provide a description of how such studies achieve similarity of patients, compa-
rability of data quality and outcome assessment. Materials & methods: In a stratified convenience sample
of 15 studies, five used primary data from trials as ECAs, five used secondary data from EHRs and five used
aggregate data from the literature. Data were collected from the published literature and public web
resources, blinded to the eventual approval decision. Results: Studies using ECAs from primary data and
EHR data displayed methods to achieve comparability of information, including matched baseline char-
acteristics. Aggregate data from published studies did not attempt to match covariates. The EHR controls
often showed calendar time overlap for collecting information while trial data were mostly historic. Out-
come data were not consistently reported across studies. US FDA approval was only seen when primary
data from trials or EHR data were used as the ECA, however no ECA in this sample directly contributed
to approval. Discussion: In this nonsystematic review of ECAs for single-arm trials, the ECAs derived from
primary data collected by other trials or EHRs show patterns of patient comparability, time overlap, and
realistic methodological approaches to achieving balance between treatment arms. They are often sub-
mitted to regulators while literature-derived aggregate findings as ECA may serve as benchmarks for
pipeline decisions.
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Parallel-group randomized controlled trials (RCTs) are cornerstones to establish causal treatment effects in drug
development and approval of oncology products. The 21st Century Cures Act and the Cancer Moonshot initiative
highlighted the importance of effectively accelerating the process of evaluating and approving cancer treatments [1].
RCTs typically take substantial time to accrue a patient population, require a meaningfully sized unexposed
comparison group to come to robust conclusions, and need to justify ethical questions before randomizing patients
to a placebo group [2]. Single-arm trials with external control arms (ECAs) have been used for decades as an
alternative, largely in orphan drugs treating rare debilitating disease and now increasingly in highly targeted
oncology drugs [3].

The function of an ECA is to provide data on the counterfactual experience had the patients in the experimental
arm not been treated. ECAs, therefore, will need to emulate the experimental arm as closely as possible in all its
aspects except the drug of interest. The lack of baseline randomization in single-arm trials with ECAs makes this
design a nonrandomized cohort study and thus critical choices in the design of the ECAs are needed to ensure
comparability of measurement and comparability of patients’ baseline risk levels [4].

ECAs are typically based on either primary data from other clinical trial arms, secondary data assembled from
electronic health records (EHRs) or aggregate effectiveness data from published literature, and can be formed either
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from entire groups (‘benchmark comparators’) or by selecting individual patients (‘individual-level comparators’).
Biases can occur if the patient populations in the two groups are not comparable in their outcome risk at baseline,
which can happen if the information content and quality is differential by treatment arm; or if the statistical
process of making treatment groups comparable regarding their pre-exposure data are insufficient; or if important
confounding factors are not observable; or if patients are recruited from different treatment eras where treatment
choices differed. Bias can further occur if the two groups are not comparable in their outcome assessment, which
can happen if the outcomes are assessed differently; or if the surveillance for the end point differs; or if (2c) patients
are recruited from different treatment eras or treatment centers where generally outcome rates differ [4].

This review sought to provide an empirical description of how the various ECA types (primary data, secondary
data and aggregate data) achieve similarity of patients, comparability of data quality and outcome assessment.

Materials & methods
Several search strategies were used during the literature search process to establish a convenience sample. Fifteen

examples of single-arm trials using ECAs were identified, in which five used primary data from other trials, five
used EHR data and five used aggregate results from the literature. These examples were all selected for review before
knowing whether the ECA analysis contributed to a regulatory approval decision. Websites including PubMed.gov,
clinicaltrials.gov, fda.gov, drugs.com, flatiron.com, cancer.gov and CenterWatch.com were searched for single-arm
trials that use ECAs. First authors were contacted to obtain full-length posters and presentations if possible, in cases
where we only found an abstract. Studies were then evaluated for comparability of data quality, and appropriateness
of statistical methods to achieve balance. They were also examined in order to extract information on cancer type,
US FDA regulation status and data collection timeframes for each experimental treatment and ECA.

The methods involved in obtaining data collection timeframes varied because some study authors had not
explicitly listed timeframes publicly. Therefore, in an effort to accurately compare ECA structures, data collection
timeframes were searched for on clinicaltrials.gov when not made available in the literature. Both the primary
completion date and the study completion date were analyzed before choosing one for the study end date.
Clinicaltrials.gov defines the primary completion date as the final date subjects were given treatment or examined
for primary outcome measures. In contrast, the study completion date is defined as the final date patients were
examined or given treatment for primary outcomes, secondary outcomes and adverse events. If the study was
published prior to the study completion date, and after the primary completion date, then the primary completion
date was used as the end date.

Search strategy
We searched the noted websites using the following search terms and/or following sections of the sites.

PubMed: ‘single arm comparator’, ‘historical control single arm’, ‘single arm trial oncology’, ‘single arm trial
electronic health record’, ‘single arm trial historical comparator’, ‘single arm trial external control’, ‘single arm
oncology external comparison’, ‘comparative effectiveness single arm trial’, ‘comparative effectiveness single arm
oncology’, ‘single arm trial real world data’, ‘single arm trial real world evidence’.

CenterWatch.com: ‘Drug information → FDA approved drugs’.
FDA.gov: ‘Home → Drugs → Development & Approval Process (Drugs) → Drug Approvals and Databases

→ Resources for Information on Approved Drugs’.
‘Home → Drugs → Development & Approval Process (Drugs) → Drug Approvals and Databases →

Drugs@FDA Search → Search by Drug Name, Active Ingredient or Application Number’ → entered drug
names for each experimental treatment, and searched summary reviews if there were any.

Flatiron.com: ‘Publications’.
Drugs.com: ‘Find Drugs and Conditions’ → entered drug names for each experimental treatment and ECA to

find more FDA approval information.
ClinicalTrials.gov: ‘Find a study’ → entered trial identification information found in each study for data collection

timeframes.

Results
We identified 15 single-arm trials with ECAs from among the searched websites. Five of the studies contained ECAs
consisting of primary data from trials [5–9], five contained ECAs based on EHR data [2,10–13] and five contained ECAs
from aggregate data from the literature [14–18]. Table 1 shows that studies 1–10 accounted for baseline covariates,
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Single-arm oncology trials & the nature of external controls arms Review

External

control arm

Historical data

Primary data

from trials

(1, 2, 4, 5)

Electronic health

records, registry

data

Aggregate data

from the literature

(11–15)

Primary data

from trials

(3)

Electronic health

records, registry

data

(6–10)

Aggregate data

from the literature

Contemporaneous

data

Figure 1. External control arm choices regarding temporality, and data collection mechanism.
The numbers in the boxes refer to the example studies described in this article.

whereas studies 11–15 did not. It lists the comparability of data quality of the ECA to the experimental treatment,
as well as statistical methods used in each study to achieve balance between the experimental treatment and the
ECA. Study authors did not comment on balance quality, nor did they perform statistical tests to achieve balance
in any of the aggregate data from the literature ECAs. Besides a few exceptions with studies 4 and 10, both authors’
comments on balance quality and statistical tests to achieve balance were seen in studies that used the other two
styles of ECAs. Population sizes varied greatly across studies, with some having more patients in the experimental
arm and others having more patients in the ECA (Table 1).

Outcome data regarding overall response rate (ORR), median overall survival (OS) and median progression-free
survival (PFS) were compared for each study’s experimental treatment and ECA in Table 2. Studies varied greatly
regarding documentation of each outcome value for the experimental treatment and ECA. Every study that reported
outcome data showed improvements in experimental treatment outcome, with the exception of study 4 and study
7. Study 4 had a decrease in median OS and ORR compared with trial external control and study 7 had a decrease
in median OS compared with EHR ECA.

Study contribution to regulatory approval and reasons for regulatory approval for the experimental treatment were
also assessed. None of the five aggregate data ECAs had any regulatory implications (Table 2). Studies with ECAs
from primary data had four experimental treatment approvals, with no documented contributions of the ECA to the
approval decision, that is, they were approved based on their experimental arm alone without considering the ECA.
Also, studies with ECAs based on EHR data had three experimental treatment approvals. Supplementary Table
1 lists the cancer types by study; non-small-cell lung cancer (NSCLC) was targeted in six studies, whereas all nine
other cancers only had one study each that focused on them.

Figure 1 structures the temporal characteristics of ECAs (historical vs concurrent) stratified by data collection
methods (primary vs secondary data) and places the 15 examples studies of this review into this framework. This
layout shows that historical data are principally used for primary data from trials and aggregate data from the
literature ECAs, whereas contemporaneous data are used for EHR and registry data ECAs (Figure 1). Figure 2
displays time overlap for each experimental treatment (blue) and ECA (red). Some experimental treatments and
ECAs had multiple trials pooled together, therefore, in these cases all trial data collection timeframes were compiled
using the earliest start data and the latest end date. The exact methods used for choosing each start and end date for
each study are described in the footnote of Figure 2. Studies that re-used primary data from other trials were usually
historical data from completed trials. Like in study 3, there are situations where control arms from an ongoing trial
can be repurposed to serve as an ECA for another single-arm trial. This is the case in a well-planned ensemble of
trials to maximize the efficiency of the development program. All studies that used EHR data used historical as well
as concurrent ECA data. This is not surprising as the most effort in establishing ECAs in EHR data are identifying
and accessing a fit-for-purpose data source and bringing data quality and completeness to the desired level. Studies
that used published aggregate data on effectiveness as ECAs to benchmark single-arm trials always used historical
data, sometimes with substantial lag time with an average of 3+ years.
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Discussion
Oncology drug developers often employ single-arm trials with ECAs instead of the parallel-group RCTs to bench-
mark early studies to inform pipeline decisions and increasingly in regulatory submissions. Key reasons are that
highly targeted treatments of advanced cancers will be suitable for only small numbers of patients, and randomizing
control patients to standard of care when a promising experimental treatment exists may make study recruitment
difficult and/or make the study unethical. Important considerations in planning ECAs include data quality and
temporality of the data collection in ECAs relative to the experimental arm.

In our review, we found that those ECAs that borrow control arms or sometimes active arms from other trials
have high data granularity that may be used for extensive adjustments to reach balance between treatment groups;
usually they are historical data but well-orchestrated evidence development strategies may use recent trial data as
ECAs. There is an added efficiency when using existing EHR data in that the time period of information collection
is often longer covering historical and concurrent data, and thus, larger ECA sizes can be identified at greater
speed. While these studies also address multiple predictor variables to balance treatment groups the difference in
data quality between the two arms generally remains a concern that needs to be addressed and refuted in each
study. Aggregate findings from previous studies may serve as benchmark for a rapid assessment in pipeline decision
making but will have little success with regulators unless effect sizes are astonishing and the treatment progression
highly predictable [19]. In our sample, they always rely on historical data, sometimes with substantial lag time.

The combination of limited time overlap and matching on patient predictors can negatively influence inferences
drawn from ECA studies [10]. There was large variability in recorded outcomes among the studies, with no clear
pattern for any of the ECA formats. Given the select number of studies in this review, we do not report a clear
pattern regarding the regulatory impact of ECAs. Therefore, future reviews may focus on selecting a sample of
studies that have ECAs with regulatory contributions.

Despite some patterns in this review, an important limitation is the small number of ECA studies examined.
Further limiting this review was the inability to clearly compare data collection methods across the studies. Since
every study did not list data timeframes distinctly, clinicaltrials.gov was used to fill in the holes for missing
data collection timeframes. There seemed to be discrepancies among the different study completion and primary
completion dates which could have affected the data collection timeframe results slightly.

It is also important to consider the potential trade-off between achieving contemporaneous data, and complete
covariate and outcome data between the arms. Although temporality and comparable date completeness are both
important for inter-arm comparisons, future studies may clarify which should be preferred in what circumstances.
Due to the small size of our study sample and variability in documentation, it is difficult to see a clear pattern.

Study 1 (primary data from trials)

Study 2 (primary data from trials)

Study 3 (primary data from trials)

Study 4 (primary data from trials)

Study 5 (primary data from trials)

Study 6 (EHRs)

Study 7 (EHRs)

Study 8 (EHRs)

Study 9 (EHRs)

Study 10 (EHRs)

Study 11 (aggregate data from the literature)

Study 12 (aggregate data from the literature)

Study 13 (aggregate data from the literature)

Study 14 (aggregate data from the literature)

Study 15 (aggregate data from the literature)
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Figure 2. Temporal relationship between experimental arm and external control arm in 15 example studies (cont.).
1) Study 1 contained multiple trials that compiled both the experimental treatment arm and the external control
containing primary data from trials, thus, leading to multiple study start and end dates. Therefore, the earliest of
start dates located on www.clinicaltrials.gov was used for the compiled start date, and the latest of the cut-off dates
found in the literature was used for the compiled end date.
2) Study 2 had both the start and end dates for the experimental treatment arm listed in the literature. This study also
utilized a clinical trial database for the external control comprising primary data from trials, but they did not specify
the data collection timeframe. However, the authors did state that some of the patients were treated 9 years before
the start of the experimental treatment start. Therefore, 9 years prior to the start of the experimental treatment start
was used as the external control start date, and the start of the experimental treatment time was used as the external
control end date.
3) Study 3 data collection timeframes were found using the trial start dates and primary study completion dates on
www.clinicaltrials.gov for both the experimental treatment and the external control incorporating primary data from
trials. The primary study completion dates were analyzed instead of the study completion dates because study 3 was
released after the primary completion and before the study completion of the experimental treatment trial.
4) Study 4 had experimental treatment and external control containing primary data from trials data collection
timeframes all found in the literature.
5) Study 5 had experimental treatment data collection timeframes found in the literature. Whereas, the earliest study
start date and the primary completion date for the two trials that formed the external control composed of primary
data from trials arm were taken from www.clinicaltrials.gov. The study completion date listed on the website for the
external control containing primary data from trials was not used because it went past the experimental treatment
end date listed in the literature.
6) Study 6 provided data collection timeframes for the EHR external control, however, not for the experimental
treatment. Therefore, www.clinicaltrials.gov was used to find the earliest study start date and the latest study
completion date of the two trials that comprised the experimental treatment arm. The primary completion date listed
was not used because then the external control arm would have a larger data collection timeframe.
7) Study 7 had two categories for the EHR external control arm, a pre-January 1st, 2013 and a post 1 January 2013
group. The start date of the pre-2013 group and the end date of the post-2013 were not specified. To fill in the
missing start date of the pre-2013 group, the experimental arm start date from www.clinicaltrials.gov was used. The
missing end date of the post 2013 group on the other hand was filled through the first day of the year the paper was
published. The study start date and the study completion date of the experimental arm trial were used from
www.clinicaltrials.gov because they were not located in the literature. Also, the actual completion date was used
instead of the primary completion date because the pre-2013 control group was made in order to match the
experimental arm, which had a study completion date in December 2012.
8) Study 8 had experimental and EHR external control data collection timeframes all found in the literature.
9) Study 9 only listed the start date for the EHR external control in the literature. The experimental treatment study
start date and completion date (same as primary completion date) were found on www.clinicaltrials.gov. The study
completion date of the experimental treatment was used to define the completion date for the EHR external control.
10) Study 10 did not list data collection timeframes in the publicly available abstract, however, a paper was sent
directly by the authors containing the EHR external control timeframes. The experimental treatment study
timeframes were found on www.clinicaltrials.gov, and the primary completion date was used because the study
completion date is in 2022.
11) Study 11 only listed experimental treatment data collection timeframes. The external control comprised
aggregate data from the literature timeframes were not listed clearly in the literature, therefore, each cited external
control including aggregate data from the literature was searched for on www.clinicaltrials.gov for study start dates
and primary completion dates. The study completion dates were not used because the latest end date was past the
end date of the experimental treatment.
12) Study 12 had the experimental arm data collection timeframes listed in the literature. The cut-off date for the
external control containing aggregate data from the literature was found in the cited literature, and the start date
was found by inputting the trial identification into www.clinicaltrials.gov.
13) Study 13 had the experimental arm data collection timeframes listed in the literature. For the external control
incorporating aggregate data from the literature, the trial identification from the cited literature was placed into
www.clincaltrials.gov in order to collect the study start date and the primary completion date. The study completion
date was not listed, therefore, the primary completion was used.
14) Study 14 had the experimental arm data collection timeframes listed in the literature. The three external control
involving aggregate data from the literature timeframes listed in the cited literature of study 14 were compiled into
one group with the earliest start date and latest completion date.
15) Study 15 did not list any data collection timeframes in the literature. The experimental treatment arm trial
identification placed into www.clinicaltrials.gov in order to receive the study start date and study completion date
which was the same as the primary completion date. The external control comprised aggregate data from the
literature timeframes were listed in the cited literature of study 15.
EHR: Electronic health record; RCT: Randomized controlled trials.
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Overall, the published literature on ECAs in modern oncology products is thin and often lacks details making
it difficult to assess the validity of study design and findings. Regulatory submissions seem to favor reusing control
arms from other trials, which increases comparability because of the primary data collection leading to more similar
data granularity but they are often hard to find or have meaningful lag time, as well as EHR data that are available
in large quantity in no or limited time lag but raise concerns about data quality.

Conclusion
This review of single-arm trials in oncology with focus on the type and composition of ECAs, illustrates that

single-arm trials that use ECAs consisting of primary data from prior trials or secondary data from EHRs show
patterns of patient comparability, calendar time overlap (especially in EHR ECAs) and statistical methods to achieve
balance through baseline covariate matching. At the same time, ECAs based on aggregate data from the literature
seem less concerned with achieving balance in baseline patient characteristics. This could raise concerns about the
ability to draw concrete conclusions for treatment efficacy based on outcome improvement from these studies.

Future perspective
In terms of how the field will evolve over the coming years, the expansion of available literature on single-arm trials
with ECAs will certainly create the potential for larger reviews and individual contributions of ECA studies to
approval. Furthermore, patterns may begin to develop with regard to prioritizing temporality, complete outcome
data or matched patient populations when creating an effective ECA. Along with a wider scope in available
literature comes the potential for evaluating whether single-arm trials with ECAs could be refined or verified by
prospective RCTs to reproduce the results of the ECA study. If prospective studies confirm viability, this would
further encourage the utilization of ECAs when favorable, which could also lead to more contributions of ECA
studies to approval.

Summary points

• Single-arm trials with external control arms (ECAs) may provide an alternative to randomized controlled trials
due to randomized controlled trial population size, time of patient accrual and ethical questions that arise when
assigning patients to the placebo group.

• The purpose of an ECA is to emulate the patient population of the experimental arm with all aspects except for
the drug of interest, however, it must do so without baseline randomization.

• ECAs are usually formed using either primary data from other clinical trial arms, secondary data assembled from
electronic health records (EHRs) or aggregate effectiveness data from published literature.

• This nonsystematic review sought to provide a description of how five examples of three respective ECA types
(primary data from prior trials, secondary data from EHRs and aggregate data) achieve similarity of patients,
comparability of data quality and outcome assessment.

• Temporal characteristics of ECAs show the principal use of historical data for primary data from trials and
aggregate data ECAs, and contemporaneous data for secondary data from EHR ECAs.

• Single-arm trials with ECAs from prior trials and EHRs accounted for baseline covariates through statistical
methods to achieve balance and patient comparability, whereas aggregate data ECAs did not.

• Using EHR data to create an ECA increases efficiency in that the time period of information collection is often
longer covering historical and concurrent data, and thus, larger ECA sizes can be identified at greater speed.

• Outcome data were not consistently reported in a matter in which a clear pattern could be seen with this sample
of ECA studies.

• There were no direct contributions to approval in any of the ECA studies, therefore, future reviews can focus on
selecting a sample of studies that have ECAs with regulatory contributions.

• Despite some patterns in this review, important limitations include the small number of ECA studies examined,
and the inability to clearly compare data collection methods across the studies.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/sup

pl/10.2217/cer-2021-0003
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