
1Zayadi A, et al. BMJ Open 2023;13:e076677. doi:10.1136/bmjopen-2023-076677

Open access�

Use of external control arms in immune-
mediated inflammatory diseases: a 
systematic review

Alexa Zayadi,1 Robert Edge,1 Claire E Parker,1 John K Macdonald,1 
Blue Neustifter,1 Joshua Chang,1 Guowei Zhong,1 Siddharth Singh,2,3 
Brian G Feagan,1,4,5 Christopher Ma,1,6,7 Vipul Jairath  ‍ ‍ 1,4,5

To cite: Zayadi A, Edge R, 
Parker CE, et al.  Use of 
external control arms 
in immune-mediated 
inflammatory diseases: a 
systematic review. BMJ Open 
2023;13:e076677. doi:10.1136/
bmjopen-2023-076677

	► Prepublication history and 
additional supplemental material 
for this paper are available 
online. To view these files, 
please visit the journal online 
(http://dx.doi.org/10.1136/​
bmjopen-2023-076677).

Received 14 June 2023
Accepted 31 October 2023

For numbered affiliations see 
end of article.

Correspondence to
Dr Vipul Jairath;  
​vjairath@​uwo.​ca

Original research

© Author(s) (or their 
employer(s)) 2023. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objectives  External control arms (ECAs) provide 
useful comparisons in clinical trials when randomised 
control arms are limited or not feasible. We conducted a 
systematic review to summarise applications of ECAs in 
trials of immune-mediated inflammatory diseases (IMIDs).
Design  Systematic review with an appraisal of ECA 
source quality rated across five domains (data collection, 
study populations, outcome definitions, reliability and 
comprehensiveness of the dataset, and other potential 
limitations) as high, low or unclear quality.
Data sources  Embase, Medline and Cochrane Central 
Register of Controlled Trial were searched through to 12 
September 2023.
Eligibility criteria  Eligible studies were single-arm or 
randomised controlled trials (RCTs) of inflammatory bowel 
disease, pouchitis, rheumatoid arthritis, juvenile idiopathic 
arthritis, ankylosing spondylitis, psoriatic arthritis, psoriasis 
and atopic dermatitis in which an ECA was used as the 
comparator.
Data extraction and synthesis  Two authors 
independently screened the search results in duplicate. 
The characteristics of included studies, external data 
source(s), outcomes and statistical methods were 
recorded, and the quality of the ECA data source was 
assessed by two independent authors.
Results  Forty-three studies met the inclusion criteria 
(inflammatory bowel disease: 16, pouchitis: 1, rheumatoid 
arthritis: 12, juvenile idiopathic arthritis: 1, ankylosing 
spondylitis: 5, psoriasis: 3, multiple indications: 4). The 
majority of these trials were single-arm (33/43) and 
enrolled adult patients (34/43). All included studies used a 
historical control rather than a contemporaneous ECA. In 
RCTs, ECAs were most often derived from the placebo arm 
of another RCT (6/10). In single-arm trials, historical case 
series were the most common ECA source (19/33). Most 
studies (31/43) did not employ a statistical approach to 
generate the ECA from historical data.
Conclusions  Standardised ECA methodology and 
reporting conventions are lacking for IMIDs trials. The 
establishment of ECA reporting guidelines may enhance 
the rigour and transparency of future research.

BACKGROUND
Randomised controlled trials (RCTs) are 
the gold standard for evaluating the efficacy 

and safety of medical interventions.1 The 
strengths of randomisation include minimis-
ation of differences of known and unknown 
confounders among experimental groups, 
reduced patient selection bias and facilitation 
of robust statistical analyses. The randomised 
controlled design also permits blinding, 
which mitigates potential bias introduced by 
study personnel, participants and outcome 
assessors. Despite these advantages, RCTs 
can present practical, logistical and ethical 
challenges.1 For example, it can be difficult 
to enrol a sufficient number of participants 
when the disease is rare; there are multiple 
competing drug development programmes, 
or trial avoidance where patients are 
concerned about being allocated to placebo. 
Furthermore, placebo-controlled RCTs may 
be unethical if there is a lack of clinical equi-
poise, or an existing well-established standard 
of care therapy available.

As noted by the US Food and Drug Admin-
istration (FDA)2 and the European Medicines 
Agency (EMA),3 there are instances where 
it may be acceptable to use external data to 
form a control arm, instead of a concurrently 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This systematic review used a comprehensive 
predefined approach to identify published, inter-
ventional immune-mediated inflammatory disease 
studies in which external data have been used as 
the comparator.

	⇒ Although we devised a sensitive search strategy 
comprising keywords and controlled vocabulary, 
the language used to describe external control arm 
(ECA) methodology lacks standardisation and ECA-
specific MeSH terms do not exist.

	⇒ Our assessment of ECA data source quality was 
conducted with an instrument that has not been 
validated to appraise ECA methodology, as no such 
instrument has been developed for use in the con-
text of systematic reviews.
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randomised internal control group. External control 
arms (ECAs) comprise participants who are not part of 
the same study as the group receiving the investigational 
agent.4 Both regulatory agencies have indicated that a 
well-characterised disease course, large anticipated treat-
ment effect, sufficiently similar treatment and external 
populations, and the use of objective outcome measures 
are important factors in externally controlled designs.2 3 
Patient data used to form the ECA can be collected during 
the same or similar time period (contemporaneous 
control) or derived from a previously treated patient 
population where retrospective or retrospectively anal-
ysed data are used as a comparator (historical control).2–7 
These data are typically sourced from prior clinical 
trials, disease registries, cohort studies, electronic health 
records and claims databases. External data can also be 
used to augment the sample size of an internal control 
arm. The use of an ECA can reduce sample size require-
ments, avoid ethical pitfalls of using placebo and provides 
an opportunity to use historical control arm data which 
may be both valid and large.2 4–6 Yet, potential bias intro-
duced by differences in study populations, trial design and 
outcome assessment along with the inability to control for 
unknown confounders and lack of blinding necessitates 
careful consideration of data source selection, analytical 
methods and missing data handling.

To date, ECAs have most frequently been used in clin-
ical trials of oncology and rare diseases.8 Both the FDA 
and EMA have published guidance documents outlining 
recommendations for using real-world data and real-
world evidence in regulatory decision-making,9–13 and key 
recommendations for the design and conduct of exter-
nally controlled clinical trials.2 Study designs involving 
comparisons with ECAs are increasingly being submitted 
to regulatory agencies, and explored in novel therapeutic 
areas.14 15 Between 2005 and 2017, 43 product applica-
tions for indications in haematology and rare diseases 
were submitted for regulatory approval, of which 98% and 
79% were approved by the FDA and EMA, respectively.14 
In an analysis of 45 FDA approvals of non-oncology prod-
ucts that relied on external controls, 20% of approved 
products were for the treatment of a common disease (ie, 
affecting more than 200 000 patients in the USA) and 
91% were recognised as addressing an unmet medical 
need.15 Given the willingness of regulators to consider 
ECA data in clinical development programmes and prac-
tical issues inherent to RCT design, there is growing 
interest in exploring how to best adopt this methodology 
within novel contexts.

Conducting RCTs for immune-mediated inflammatory 
diseases (IMIDs), such as inflammatory bowel disease, 
can be challenging due to slow and competitive patient 
recruitment. Contributing factors include a large clin-
ical development pipeline, the availability of several 
approved treatment options in routine clinical care, and 
increasingly stringent eligibility criteria, particularly with 
respect to the use of prior and concomitant therapies.16 
In addition, the chance of exposure to placebo can be 

a deterrent for participation in clinical trials for both 
patients and investigators. The incorporation of ECA data 
into IMID trial design may provide an efficient alterna-
tive or supplement to a traditional randomised control 
arm. Currently, it is unclear how often and in what setting 
ECAs have been incorporated into IMID trials, and what 
data sources and statistical techniques have been used.

This systematic review aimed to identify and describe 
trials of IMIDs (ie, Crohn’s disease, ulcerative colitis, 
chronic refractory pouchitis, rheumatoid arthritis, juve-
nile idiopathic arthritis, ankylosing spondylitis, psoriatic 
arthritis, psoriasis and atopic dermatitis) that have used 
an ECA, and assess the methodological quality of these 
studies.

METHODS
This systematic review is reported according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses Statement17 and was conducted following 
an a priori developed protocol (available on request).

Search strategy
Embase, Medline and the Cochrane Central Register of 
Controlled Trials were searched without language restric-
tion from database inception to 12 September 2023, using 
predefined strategies (online supplemental appendix 1). 
A semiautomated recursive search of the bibliographies 
of relevant publications, including review articles and 
meta-analyses, was also performed using the Systematic 
Review Accelerator SpiderCite tool (Bond University, 
Gold Coast, Qld, Australia).

Eligibility criteria
Eligible studies: (1) compared data from a randomised 
or single-arm clinical trial with a control arm from an 
external source (ie, previous clinical trials, disease regis-
tries, commercial insurance or national health insur-
ance claims databases, or electronic health records); (2) 
enrolled adults or children with Crohn’s disease, ulcer-
ative colitis, chronic refractory pouchitis, rheumatoid 
arthritis/juvenile idiopathic arthritis, ankylosing spondy-
litis, psoriatic arthritis, psoriasis, or atopic dermatitis; and 
(3) assessed a medical intervention. The ECA comprised 
patients from placebo, standard of care, or active compar-
ator groups. Trials were eligible for inclusion regardless 
of whether the ECA was prospectively or retrospectively 
integrated into the study design. Protocols for upcoming 
trials were considered, in addition to studies published in 
full text or abstract form. Studies were excluded if they 
were non-interventional or if the active arm data were 
not collected as part of a clinical trial. Additionally, we 
excluded studies that did not report the ECA dataset 
source.

Screening and data extraction
Search results were independently screened in dupli-
cate by two authors (AZ and JC) and data extraction was 
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completed by two independent authors (AZ and RE) 
using a standardised spreadsheet. Data collected from 
each study included: the publication year, study design, 
trial phase, indication, study arms, number of partici-
pants, inclusion/exclusion criteria, interventions, source 
of ECA data, statistical methods, outcomes assessed, 
outcome type (dichotomous vs continuous) and rationale 
for using an ECA. Disagreements encountered during 
screening and data extraction were resolved by consensus 
or, if consensus could not be reached, through arbitra-
tion by a third author.

Quality assessment
The methodological quality of the ECA data source was 
assessed by two authors (AZ and RE) using a checklist 
adapted from Thorlund et al.18 The checklist comprised 
5 key domains: (1) quality of data source; (2) similarly 
of the study populations; (3) similarities of the outcome 
definitions; (4) the reliability and comprehensiveness 
of the dataset; and (5) other potential limitations. Key 
judgement criteria are reported in online supplemental 
table 1. Each domain was classified as being of high (all 
criteria are met), low (no criteria are met) or unclear 
quality (some criteria are met and/or insufficient infor-
mation to ascertain whether all criteria are met).

Patient involvement
No patients were involved in the study concept and 
design, acquisition and interpretation of data, or drafting 
of the manuscript.

RESULTS
Search results
A total of 2192 records were identified from database 
and recursive searching, from which 610 duplicates were 
removed. Based on the information provided in the 
titles and abstracts of the remaining 1582 records, 1442 
were excluded as non-applicable. Full-text review was 
performed for 140 records, of which 97 were excluded 
with reasons (online supplemental table 2). Forty-three 
studies met the eligibility criteria and were included 
(figure 1).

Randomised controlled trials
Characteristics of included studies
Ten of the 43 included studies (23%) compared the 
active arm(s) of an RCT to an ECA (table 1).19–28 Five of 
the included RCTs (5/10; 50%) prospectively leveraged 
external control data as part of the study design.19–23 Four 
of these studies (4/5; 80%) randomised participants to 1 
of 2 active arms and used an ECA to completely replace 

Figure 1  Study flow diagram of study inclusion. Adapted from Page et al.17
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the function of a placebo arm, while 1 (1/5; 20%) was 
a placebo-controlled RCT that incorporated external 
data to augment the sample size of the placebo group. 
Among the five RCTs that prospectively used external 
data were three phase 320 22 23 (60%) and one phase 219 
(20%) trials. The remaining five RCTs (5/10; 50%) retro-
spectively compared data from the active arm(s) of prior 
(4/5; 80%) or ongoing (1/5; 20%) phase 1–3 trials with 
an ECA.24–28

Most of the included RCTs enrolled adults (7/10; 
70%), with 3 of the 10 trials (30%) conducted in paedi-
atric populations. Study populations comprised patients 
with inflammatory bowel disease (4/10; 40% (ulcerative 
colitis: 2/10; 20%, Crohn’s disease: 2/10; 20%)), rheu-
matoid arthritis (4/10; 40%), psoriasis (1/10; 10%), and 
ankylosing spondylitis (1/10; 10%). Among these studies, 
biologic therapies (6/10; 60%) were the most common 
intervention under investigation, including secukinumab 
(3/10; 30%), infliximab (1/10; 10%), adalimumab 
(1/10; 10%) and tesnatilimab (1/10; 10%). Two out of 
10 studies (20%) evaluated small molecules (tofacitinib 
(1/10; 10%) and upadacitinib (1/10; 10%)). Treatment 
strategies were assessed in two RCTs (tight control strategy 
(1/10; 10%) and stringent treat-to-target strategy (1/10; 
10%)).

The majority of studies (6/10; 60%) made compar-
isons with placebo data derived from 1 or more previ-
ously conducted RCTs. An external active control group 
was used by 2 out of 10 studies (20%), with data sourced 
from a disease registry (1/10; 10%) or electronic health 
records (1/10; 10%). Lastly, 2 studies (2/10; 20%) 
formed a standard of care control group using data from 
a historical case series (1/10; 10%) or a prior prospective 
cohort study (1/10; 10%).

External control methodology
All 10 studies used a historical ECA; we did not identify 
any studies that employed contemporaneously collected 
external data. Various methods were used to generate 
ECAs among the 10 studies that compared the active 
arm(s) of an RCT to external control data (table  2). 
Statistical methods used to adjust the external dataset 
included propensity score matching (2/10; 20%), 
propensity score weighting (1/10; 10%) and Bayesian 
dynamic borrowing (2/10; 20%). One study did not 
specify the weighting method employed (1/10; 10%). 
Four studies (4/10; 40%) did not make any statistical 
adjustments to ECA data to balance characteristics 
between active and external arms. Nine out of 10 studies 
(90%) made comparisons between the active arm and 
ECA for at least one efficacy outcome. In all cases, effi-
cacy outcomes were defined by an indication-specific 
disease activity index and were assessed as dichotomous 
(9/9; 100%) or continuous (1/9; 11.1%) endpoints. Two 
studies (2/10; 20%) used external data to contextualise 
safety outcomes (ie, adverse events and serious adverse 
events).Ta
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Indications for use of an ECA
Three of the included RCTs (3/10; 30%) reported 
that comparisons to external data were made due to 
ethical issues associated with randomising participants 
to a placebo arm (table 2).20 22 23 All were phase 3 trials 
in paediatric populations, with 2 of these studies (2/3; 
66.7%) adopting a study design that included an ECA 
following consultations with regulatory agencies.22 23 One 
study (1/10; 10%) additionally cited poor study recruit-
ment due to non-acceptance of an internal control in the 
paediatric setting as a reason for incorporating external 
data.22 23 Augmenting the small sample size of the internal 
placebo group was provided as the rationale for intro-
ducing external placebo data into the primary analysis in 
1 of the included RCTs (1/10; 10%).19

Single-arm studies
Characteristics of included studies
The majority of the included studies (33/43; 77%) were 
single-arm trials that relied on external data to provide 
context to treatment outcomes (table  3).29–61 Among 
these were one phase 2a trial (1/33; 3%), one phase 2b 
trial (1/33; 3%), one phase 2–3 trial (1/33; 3%), four 
phase 3 long-term RCT extensions (4/33; 12%) and 4 
post-marketing surveillance studies (4/33; 12%).

Most of the included single-arm trials enrolled adult 
participants (27/33; 81%), with some studies conducted 
in paediatric (4/33; 12%) and mixed-age (2/33; 6%) 
populations. Therapies for the treatment of inflamma-
tory bowel disease (13/33; 40% (ulcerative colitis: 5/33; 
15%, Crohn’s disease: 1/33; 3%)), rheumatoid arthritis 

Table 2  External control arm methodology in randomised controlled trials

Study ID Indication

Statistical 
methods for 
generating ECA

Outcome(s) 
compared with 
ECA

Outcome 
timepoint 
(weeks)

Evidence of 
treatment benefit 
compared with 
ECA*

Rationale for using an 
ECA

Hueber et al, 
201219

CD Weighting Efficacy (CDAI 
response rate)

6 No Small study sample 
size

Hyams et al, 
201220

UC Unadjusted Efficacy (MCS 
response rate)

8 Yes Unethical to use 
internal placebo arm

Hodkinson et al, 
201321

RA Unadjusted Efficacy (DAS 28 
response and 
remission rates)

26 Yes NR

Croft et al, 
202122

UC Unadjusted Efficacy (MCS 
remission rate)

8, 52 Yes Unethical to use 
internal placebo arm 
advised by regulatory 
organisations; low 
recruitment

Hupf et al, 
2021†25

AS Bayesian dynamic 
borrowing

Efficacy (ASAS 20 
response rate)

6 NA ECA methodology 
study

Reed et al, 
2021†24

RA Propensity score 
matching

Safety (SAEs) NR NA ECA methodology 
study

Rudrapatna et al, 
2021†26

CD Unadjusted Efficacy (mean 
change in CDAI, 
steroid-free CDAI 
remission rate)

12, 24 NA ECA methodology 
study

Wang et al, 
2021†27

RA Propensity score 
matching

Efficacy (ACR 20 
response rate)

12 NA ECA methodology 
study

Magnolo et al, 
202223

PsO Bayesian dynamic 
borrowing

Efficacy (PASI 75, 
PASI 90 & IGA 0/1 
response rates)
Safety (AEs)

12 Yes Unethical to use 
internal placebo arm; 
advised by regulatory 
organisations

Norvang et al, 
2022†28

RA Propensity score 
weighting

Efficacy (DAS 28 
remission rate)

24, 52, 
104

NA ECA methodology 
study

*As defined by the included study.
†Primary study objective was to examine methodological approaches for complementing prior or concurrent RCT data with external control 
data.
ACR, American College of Rheumatology; AE, adverse event; AS, ankylosing spondylitis; ASAS, Assessment of SpondyloArthritis 
International Society; CD, Crohn’s disease; CDAI, Crohn’s Disease Activity Index; DAS, Disease Activity Score; ECA, external control arm; 
IGA, Investigator’s Global Assessment; MCS, Mayo Clinical Score; NA, not applicable; NR, not reported; PASI, Psoriasis Area Severity Index; 
PsO, psoriasis; RA, rheumatoid arthritis; SAE, serious adverse event; UC, ulcerative colitis.
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and juvenile idiopathic arthritis (9/33; 27%), anky-
losing spondylitis (4/33; 12%), psoriasis (2/33; 6%), and 
chronic refractory pouchitis (1/33; 3%) were evaluated. 
Four of the 33 single-arm trials (12%) administered treat-
ment to a study population comprising participants with 
differing IMIDs. Pharmacological interventions were 
most frequently assessed (21/33; 64%). These included 
biologics (9/33; 31%), biosimilars (4/33; 12%), cortico-
steroids (2/33; 6%), immunosuppressives (3/33; 9%), 
antibiotics (1/33; 3%) and 5-aminosalicylic acid (1/33; 
3%). The remaining 12 single-arm trials investigated a 
dosing strategy (4/33; 12%), treatment algorithm (2/33; 
6%), surgical procedure (3/33; 9%), rapid infusion 
protocol (2/33; 6%), or faecal microbiota transplanta-
tion (1/33; 3%).

Unpublished historical case series of patients previously 
treated at the same site(s) as active arm participants was 
the most common ECA source (17/33; 52%) (table 3). 
External data were also derived from 1 or more prior phase 
3–4 RCTs (6/33; 18%), product package inserts (2/33; 
6%), published case series (2/33; 6%), disease registries 
(2/33; 6%), administrative claims databases (2/33; 6%), 
and previously conducted cohort studies (2/33; 6%). Two 
studies (2/33; 6%) pooled participant data from several 
different types of sources. The ECAs formed in single-arm 
trials comprised participants who had received standard 
of care (20/33; 61%), an active control therapy (10/33; 
30%), or placebo (3/33; 9%).

External control methodology
All 33 included single-arm trials used a historical control, 
rather than a contemporaneous ECA. In most studies, 
external datasets were not statistically adjusted for known 
covariates to improve the comparability of external and 
target study populations (26/33; 79%) (table 4). Five of 
the 33 studies applied a matching methodology (15%), 
including propensity score matching (2/33; 6%), and 
1 study employed a propensity score weighting (3%) 
approach to improve the comparability of active and 
external groups. Twenty-four of the included single-arm 
trials (73%) evaluated one or more efficacy outcomes. 
These studies assessed dichotomous (20/33; 60%) and 
continuous (7/33; 21%) efficacy endpoints based on an 
indication-specific disease activity index (18/33; 54.5%). 
Safety outcomes were compared with external data in 15 
studies (45.4%). These included the incidence of adverse 
events (10/33; 30%), adverse infusion reactions (3/33; 
9%), postsurgical complications (1/33; 3%) and serious 
adverse events (1/33; 3%).

Indication for use of an ECA
In 9 out of 33 single-arm trials (27%),32 36 37 43–46 51 52 it 
was considered unethical to randomise participants to an 
internal control arm due to the availability of approved 
therapies with established efficacy and safety (7/33; 
21%), long-term assessment of treatment outcomes 
(6/33; 18%), or paediatric study population (2/33; 
6%) (table  4). Six trials (6/33; 18%)33 35 40 42 55 57 cited 

practical challenges as the rationale for using an ECA. In 
five of these cases (5/33; 15%), an adequately powered 
RCT would reportedly not have been feasible due to the 
relatively small patient population available for study 
participation.

Quality assessment
The results of the methodological quality assessment 
are reported in online supplemental file 1. Of the 210 
(43 studies × 5 domains) ratings, 99 (46%) were high 
quality, 113 (52%) were unclear quality and 3 (1%) were 
low quality with respect to the source used to generate 
the ECA. The domains that were rated for each study 
included the quality of the data source (40% high quality, 
60% unclear quality), similarity of study populations (43% 
high quality, 57% unclear quality), similarity of outcome 
definitions (72% high quality, 21% unclear quality, 7% 
low quality), and reliability and comprehensiveness of the 
external dataset (21% high quality, 79% unclear quality).

DISCUSSION
In recent years, there has been increased interest among 
researchers, regulators and industry partners in using 
external control data to address the practical limitations 
associated with traditional RCT designs. This systematic 
review aimed to summarise how ECAs are currently being 
integrated into studies of Crohn’s disease, ulcerative 
colitis, chronic refractory pouchitis, rheumatoid arthritis, 
juvenile idiopathic arthritis, ankylosing spondylitis, psori-
atic arthritis, psoriasis and atopic dermatitis, and examine 
the methodological quality of this research. We identi-
fied 43 trials in which an ECA was used to contextualise 
the efficacy or safety of a medical therapy. No trials of 
atopic dermatitis were identified. Most of the included 
clinical trials were single-arm studies, and all used histor-
ical control data to form an ECA. Among included RCTs, 
external data were most often sourced data from multiple 
previously conducted RCTs. Conversely, external controls 
comprised participants who previously received treatment 
at the same site as the active arm population was the most 
frequent source of the ECA when the clinical trial was a 
single-arm design. In most cases, no adjustment methods 
were used to balance baseline characteristics between the 
treatment arm and historical data used to form the ECA. 
We did not identify any specific characteristics of data 
sources, outcome measure selection, analysis method or 
ECA type that were associated with a positive or negative 
study result.

All primary phase 3 trials of IMIDs identified in this 
systematic review that were submitted to or relied on 
by regulatory agencies for decision-making were in the 
paediatric setting (4/43; 9%), where an internal placebo 
group may have been deemed unethical by stakeholders. 
In a phase 3 trial that supported FDA and EMA approval 
of infliximab in paediatric ulcerative colitis, Hyams et al20 
created a historical control group using pooled placebo 
data from prior infliximab RCTs in adults. A positive 
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Table 4  External control arm methodology in single-arm studies

Study ID Indication

Statistical 
methods 
for 
generating 
ECA

Outcome(s) compared 
with ECA

Outcome 
timepoint 
(weeks)

Evidence of 
treatment 
benefit 
compared 
with ECA*

Rationale for using 
an ECA

Baker and Jewell, 
198929

IBD Unadjusted Efficacy (severe attack rate) 6 No Well-characterised 
disease course

Rosenberg et al, 
199030

UC Unadjusted Efficacy (response and 
surgical rates)

>1 No NR

Stenger et al, 199831 RA Unadjusted Efficacy (cumulative CRP-
AUC, median change in 
Sharp-score)
Safety (AEs)

104 Yes NR

Marotte et al, 200732 RA Matching Efficacy (DAS28 response 
rate)

52 Yes Unethical to use 
internal placebo arm

Shen et al, 200734 Pouchitis Unadjusted Efficacy (PDAI clinical 
remission and response 
rates)
Safety (AEs)

4 Yes NR

Moul et al, 200733 PsO Unadjusted Efficacy (PASI 50 and PASI 
75 response rates)

12 No Small study sample 
size

van der Heijde et al, 
200836

AS Matching Efficacy (median change in 
mSASSS)

104 No Unethical to use 
internal placebo arm

Boyle et al, 200835 IBD Matching Safety (LOS, postoperative 
hospitalizations)

LOS Yes Impractical to use 
internal placebo

van der Heijde et al, 
200937

AS Unadjusted Efficacy (median change in 
mSASSS)

104 No Unethical to use 
internal placebo arm

Garg et al, 201138 IBD Unadjusted Safety (AEs) >1 NA NR

Yong et al, 2011†39 PsO NR Safety (SAEs) NR NA ECA methodology 
study

Carter et al, 201240 RA Unadjusted Safety (acute infusion 
reactions)

>1 Yes Small study sample 
size

Kwok and Leung, 
201241

RA Unadjusted Efficacy (DAS20 and ACR 
response rate)

52 Yes NR

Baraliakos et al, 
201443

AS Unadjusted Efficacy (mean change in 
mSASSS)

8 years No Unethical to use 
internal placebo arm

Horneff et al, 201444 Multiple‡ Unadjusted Efficacy (JIA ACR 30 
response rate)

12 Yes Unethical to use 
internal placebo arm

Lichtenstein et al, 
201445

UC Unadjusted Safety (AEs) 104 Yes Unethical to use 
internal placebo arm

Gardenbroek et al, 
201542

UC Unadjusted Efficacy (anastomotic 
healing, closure of 
anastomotic defect and 
function pouch rates)

24 Yes Impractical to use 
internal placebo

Mahajan et al, 201848 UC Unadjusted Efficacy (clinical, 
endoscopic, and steroid-
free clinical remission rates)
Safety (AEs)

22 Yes NR

Rozette et al, 201849 Multiple § Unadjusted Safety (adverse infusion 
reactions)

> 1 NA NR

Tweehuysen et al, 
201850

Multiple¶ Unadjusted Efficacy (CRP and DAS28-
CRP response rates)
Safety (AEs)

24 No NR

Continued
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result was determined by using the upper limit of the 95% 
CI for the primary endpoint in the adult trials to define 
the lower 95% CI threshold in the paediatric trial. Croft 
et al22 assessed the efficacy and safety of adalimumab in a 

phase 3 study of paediatric ulcerative colitis. This study 
encountered recruitment delays due to poor acceptance 
of the placebo group and, following consultation with the 
FDA and EMA, a meta-analysis of historical adult placebo 

Study ID Indication

Statistical 
methods 
for 
generating 
ECA

Outcome(s) compared 
with ECA

Outcome 
timepoint 
(weeks)

Evidence of 
treatment 
benefit 
compared 
with ECA*

Rationale for using 
an ECA

Horneff et al, 201846 JIA Unadjusted Efficacy (JADAS10 response 
rate)
Safety (AEs)

NR NA Unethical to use 
internal placebo arm

Inui et al, 201847 RA Unadjusted Efficacy (DAS28-ESR and 
Sharp score response rates)

52, 104 No NR

Braun et al, 201951 AS Unadjusted Efficacy (mean change in 
mSASSS)

104 No Unethical to use 
internal placebo arm

Kawashiri et al, 
2020**52

RA Unadjusted Efficacy (DAS28-ESR 
clinical relapse rate)

24 NA HESDE previously 
established

Muskens et al, 
202053

Multiple¶ Unadjusted Safety (AEs) 52 NA NR

Sanchez-Hernandez 
et al, 202054

IBD Unadjusted Efficacy (treatment failure 
and IBD-related surgery and 
hospitalisation rates)
Safety (AEs, acute infusion 
reactions)

156 Yes NR

Sagami et al, 202157 IBD Unadjusted Safety (AEs) 104 NA Impractical to use 
internal placebo arm

Gasparetto et al, 
202156

IBD Unadjusted Efficacy (dose escalation 
rate)

52 Yes NR

Danese et al, 202155 UC Propensity 
score 
weighting

Efficacy (Mayo endoscopic 
score)

14 Yes Impractical to use 
internal placebo arm; 
low recruitment

Holland et al, 202259 CD Matching Efficacy (mPCDAI response 
rate)

26, 52, 78 No NR

Huang et al, 202260 RA Propensity 
score 
matching

Efficacy (SDAI, RA-CDAI 
and DAS28 response rates)

12, 26, 52, 
104

Yes NR

Truong et al, 202258 IBD Unadjusted Safety (postoperative 
complications)

4 No Lack of large single-
institution studies

Takei et al, 202261 RA Propensity 
score 
matching

Efficacy (ACR20, DAS28-
ESR, SDAI response rates)

24 Yes NR

*As defined by the included study.
†Primary study objective was to examine methodological approaches for complementing prior or concurrent RCT data with external control 
data.
‡Juvenile idiopathic arthritis, enthesitis-related arthritis and psoriatic arthritis.
§Crohn’s disease, ulcerative colitis and juvenile idiopathic arthritis
¶Rheumatoid arthritis, psoriatic arthritis and ankylosing spondylitis.
**Protocol for an upcoming single-arm study with an ECA.
ACR, American College of Rheumatology; AE, adverse event; AS, ankylosing spondylitis; AUC, area under the curve; CD, Crohn’s disease; 
CRP, C reactive protein; DAS, disease activity score; ECA, external control arm; ESR, erythrocyte sedimentation rate; HESDE, historical 
evidence of sensitivity to drug effects; IBD, inflammatory bowel disease; JADAS, Juvenile Arthritis Disease Activity Score; JIA, juvenile 
idiopathic arthritis; LOS, length of stay; mPCDAI, modified Paediatric Crohn’s Disease Activity Index; mSASSS, modified Stoke Ankylosing 
Spondylitis Spinal Score; NA, not applicable; NR, not reported; PASI, Psoriasis Area Severity Index; PDAI, Pouchitis Disease Activity Index; 
PsO, psoriasis; RA, rheumatoid arthritis; RA-CDAI, Rheumatoid Arthritis Clinical Disease Activity Index; SAE, serious adverse event; SDAI, 
Simplified Disease Activity Index; UC, ulcerative colitis.

Table 4  Continued
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groups was used to replace the internal control. Adalim-
umab subsequently received regulatory approval in this 
patient population.22 In indications where historical paedi-
atric data may be limited, leveraging prior adult placebo 
data may be acceptable and advantageous to shorten the 
time between regulatory approval of advanced therapies 
in adult and paediatric patients.

In a phase 3 study that supported FDA and EMA 
approval of secukinumab in paediatric psoriasis, Magnolo 
et al23 adopted a Bayesian dynamic borrowing approach 
using historical adult and paediatric placebo data from 
previous RCTs. Low-dose and high-dose secukinumab 
were found to be superior to historical placebo with 
respect to the coprimary and key secondary outcomes, 
with an estimated probability of a positive treatment effect 
of 100% compared with external placebo for both dosing 
regimens. Finally, Horneff et al44 conducted a single-arm 
phase 3b study to expand EMA approval to three 
under-studied categories of juvenile idiopathic arthritis 
(extended oligoarticular juvenile idiopathic arthritis, 
enthesitis-related arthritis, and psoriatic arthritis). Given 
the paediatric population, and well-established efficacy 
and safety of etanercept in polyarticular-course juvenile 
idiopathic arthritis, it was deemed unethical to randomise 
participants to receive placebo. Although etanercept 
response rates were statistically superior compared with 
the ECA, external placebo data were primarily sourced 
from a meta-analysis of paediatric RCTs that had been 
published nearly a decade prior.

If the historical ECA and target study sample substan-
tially differ due to population drift, changes in eligibility 
criteria, or evolving standards of care, treatment effects 
may be misestimated. The primary method for mitigating 
estimation bias is careful selection of the studies from 
which the historical ECA is drawn. Statistical methods 
can also be used to adjust for imbalances between histor-
ical and target study samples. Propensity score matching 
involves performing regression on a set of prespecified 
baseline covariates to determine a propensity score for 
each participant. This enables the creation of matched 
sets of historical and target study participants with 
similar propensity score values.55 62 However, propensity 
score matching and other methods of balancing that 
use prespecified covariates have important limitations. 
First, confounders must be correctly identified and accu-
rately measured. When matching is based on observed 
covariates, the historical ECA may not be representative 
of the parent population and therefore not suitable for 
comparison with the target study.62 Second, propen-
sity score matching may result in ‘pruning’, where indi-
viduals with extreme covariate values have no suitable 
matches and are systematically excluded from the ECA, 
which can increase imbalance and bias.63 With Bayesian 
dynamic borrowing, data are weighted based on the level 
of discrepancy between the historical control and target 
study.23 64 When correctly performed, dynamic borrowing 
can provide additional information and augment sample 
size with a sufficient degree of scepticism to reduce bias. 

As with propensity score matching, dynamic borrowing 
requires correct specification of potential confounders 
to determine whether the ECA and target study data 
are closely matched. Evidence suggests that dynamic 
borrowing may carry an inflated chance of type I error; 
however, the benefits of additional power and precision 
may outweigh this risk.65

When evaluating the data collection process, similarity 
of the populations, similarity of the outcome definitions, 
the reliability and comprehensiveness of the datasets, and 
other limitations, only 3 of the 215 items (1%) assessed 
were rated as low quality. However, half of the items 
(113/215; 52.5%) could not be assigned a definitive low-
quality or high-quality rating due to insufficient detail 
reported in the study publication. The included studies 
frequently failed to describe in detail the eligibility 
criteria and baseline characteristics of the active arm and 
ECA, outcome definitions, covariates, whether there were 
missing data, and the analytical methods employed to 
balance the cohort.

Comprehensive reporting is therefore necessary to 
critically appraise the quality of ECA studies, particularly 
when real-world data are used. This is underscored by the 
external control quality checklist proposed by Thorlund 
et al18 and in draft guidance by the FDA and EMA which 
state that adequate documentation during data curation 
and transformation is essential to increase confidence in 
the resultant data.11 13 The FDA has additionally issued 
draft guidance outlining key considerations for designing 
externally-controlled clinical trials, selecting fit-for-use 
ECA data sources, analysing comparisons and accounting 
for potential bias.2 While this document does not recom-
mend specific statistical methodologies for making 
comparisons to external data, it is noted that underlying 
assumptions should be identified and further examined 
using sensitivity analyses and model diagnostics. The need 
to assess the impact of missing and misclassified data in 
the ECA, which may be more common when using real-
world data sources, is emphasised.66

Moreover, objective and reliable measurements for the 
data of interest are recommended to mitigate bias due to 
misclassified data and lack of blinding. Within the context 
of IMIDs, this may involve restricting outcome measures 
to the most objective item(s) included in composite 
disease active indices. For example, centrally read endo-
scopic improvement, as defined by the Mayo Endoscopic 
subscore, was selected as the primary outcome in a statis-
tically significant study by Danese et al55 evaluating a novel 
biologic in a phase 2 ulcerative colitis trial. Trial patients 
were matched with historical placebo patients from prior 
RCTs using propensity score analysis, and placebo endo-
scopic response rates were used to determine the null 
hypothesis.

Regulatory submissions are evaluated on a case-by-case 
basis, and approvals are often conditional on additional 
evidence from postapproval studies.14 Our results suggest 
that comprehensive ECA guidelines may be particularly 
beneficial for IMID research. The patient populations, 
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standards of care, outcome definitions and study time-
points have substantially evolved over time in IMIDs, 
and all studies identified in the current systematic review 
included historical controls. Ensuring that appropriate 
source data and optimal statistical methodologies are 
selected may therefore be of particular importance within 
this context.

Our study has some important strengths. We examined 
how external controls have been implemented in IMID 
trials using a predefined systematic approach. To our 
knowledge, this is the first systematic review on the use 
of ECAs in these populations. This qualitative summary 
may help inform ECA data source selection in future 
externally controlled trials of IMIDs and help in trial 
design where a treatment arm might be useful in the 
future as an ECA. However, the limitations of this study 
should also be acknowledged. First, while we aimed to 
devise a highly sensitive search strategy using text words 
and controlled vocabulary, the language used to describe 
ECA methodology is varied, and ECA-specific MeSH 
terms do not exist. In an effort to ensure that all eligible 
studies were identified, bibliographies of relevant review 
articles were also searched. Nine of the 2192 records 
screened were identified using this approach. Further-
more, only published studies were searched and included 
in this systematic review. Second, the quality of included 
studies was rated using an instrument that was not devel-
oped and validated to appraise ECA methodology, as no 
such instrument currently exists. Our quality assessment 
exclusively focused on the source of the external control 
data. We did not evaluate the methods used to generate 
external controls given that trials were eligible for inclu-
sion regardless of whether they used trial-level or patient-
level data.

In conclusion, we found that external control data have 
been applied in a variety of IMID settings to contextualise 
efficacy and safety outcomes. The reporting of the meth-
odology used to generate and analyse ECAs has been 
incomplete and heterogeneous. The establishment of 
authoritative reporting guidelines may serve as a catalyst 
for transparent reporting and rigorous study design for 
ECA studies in IMIDs.
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