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Background: The drive to expedite patient access for diseases with high unmet treatment needs has come
with an increasing use of single-arm trials (SATs), especially in oncology. However, the lack of control
arms in such trials creates challenges to assess and demonstrate comparative efficacy. External control
(EC) arms can be used to bridge this gap, with various types of sources available to obtain relevant
data. Objective: To examine the source of ECs in single-arm oncology health technology assessment
(HTA) submissions to the National Institute for Health and Care Excellence (NICE) and the Pharmaceutical
Benefits Advisory Committee (PBAC) and how this selection was justified by manufacturers and assessed
by the respective HTA body. Methods: Single-arm oncology HTA submission reports published by NICE
(England) and PBAC (Australia) from January 2011 to August 2021 were reviewed, with data qualitatively
synthesized to identify themes. Results: Forty-eight oncology submissions using EC arms between 2011
and 2021 were identified, with most submissions encompassing blood and bone marrow cancers (52%).
In HTA submissions to NICE and PBAC, the EC arm was typically constructed from a combination of data
sources, with the company’s justification in data source selection infrequently provided (PBAC [2 out of
19]; NICE [6 out of 29]), although this lack of justification was not heavily criticized by either HTA body.
Conclusion: Although HTA bodies such as NICE and PBAC encourage that EC source justification should be
provided in submissions, this review found that this is not typically implemented in practice. Guidance is
needed to establish best practices as to how EC selection should be documented in HTA submissions.

Plain language summary: What is this article about?: Diseases with high unmet needs are often assessed
in trials with no comparator arm. As new treatments need to be compared with what is used in current
clinical practice, data from other sources, called an external control arm, can be used to bridge the gap.
The type of external control arm used and why it has been chosen should be explained when making
submissions to a health technology agency.
What were the results?: Submissions made to two health technology agencies were reviewed to identify
whether justification was provided for the type of external control arm used. This review demonstrated
that this justification was rarely provided.
What do the results of the study mean?: These findings highlight the need for guidance to be established
regarding the documentation of external control arms in submissions made to health technology agencies.
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Randomized controlled trials (RCTs) are the cornerstone in determining the efficacy and safety of a new health
technology against standard of care (SoC) or placebo through comparative efficacy analyses in a controlled envi-
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Figure 1. Sources used to establish external control arms.
Adapted with permission from [7].

ronment [1,2]. Control arms in RCTs aim to isolate the effects of the investigated technology from those caused by
other treatment-effect modifiers [1,2].

RCTs for innovative therapies can be challenging due to ethical considerations in diseases with high unmet
needs, difficulty in patient recruitment (particularly in rare diseases), or early-phase trial data that reveal large
efficacy benefits [3]. Regulatory bodies have recognized these challenges and, accordingly, have approved therapies
with single-arm trial (SAT) data as the primary evidence base [3,4]. However, the use of SAT data may be more
problematic in reimbursement assessments, given the need to reliably quantify the comparative treatment effects
of a new technology over current SoC [4].

External control (EC) arms use external data that can be used to benchmark the potential relative efficacy and
safety of a technology by serving as a control group for the SAT population [1]. ECs provide data from patient cohorts
created outside the SAT and treated based on clinical practice and, thus, should closely emulate the experimental
trial arm to minimize bias [5,6]. Careful selection of EC arm data is critical to ensure the comparability of potential
prognostic factors, treatment-effect modifiers and outcomes measurements with the SAT and timely representation
of current clinical practice in the location and setting of interest [7,8].

EC arms can be built from several sources: aggregate data from published studies of clinical trials or observational
studies; individual patient data (IPD) from intervention or control arms in other clinical trials; and real-world
evidence (RWE) generated from real-world data (RWD) (Figure 1) [9]. The use of RWE to inform an EC arm
requires stringent planning and analysis to ensure comparability between the target and SAT populations [10]. This
includes ensuring that the underlying therapy considered SoC has not changed drastically over time and does not
differ distinctively between the EC source and the SAT [10].

Evaluating fit for purpose of different RWD sources or databases that can inform an EC arm is recognized as an
important first step to address comparative effectiveness research questions to avoid potential biased selections of
RWD to favor a particular outcome for a comparator of interest [11–13]. The challenges associated with this task have
also been the subject of debate in healthcare decision-making [9,14]. The selection of EC arms, particularly using
RWD, has been widely described to support regulatory authorization [7,15–17]; considerations have emphasized study
design (e.g., differences in patient characteristics or the use of concomitant treatments) and approaches to mitigate
certain types of biases in these analyses [7,15–17]. Previous publications in oncology and non-oncology indications
also reviewed SAT-based health technology assessment (HTA) submissions and reported the distribution of EC
arm data used, including the impact on HTA decisions and the main methodological issues across several HTA
bodies [8,9,15]. However, these publications did not explicitly focus on the specifics around the selection of EC
data and how it was justified by manufacturers and/or assessed and critiqued by the HTA bodies. In addition,
limited guidance is available on how to best select RWD to create an EC arm for HTA submissions based on SAT
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data especially when multiple data sources are available to construct EC arms. Recent RWE frameworks have been
developed by HTA agencies [1,12,13], and provide much needed clarity on RWE use in comparative assessments but
do not explicitly reference the topics of EC arm selection and justification.

Based on the core principles of the HTA process – unbiased selection and robust quality assessment of evidence
to inform decision-making [18] – this work aimed to examine what data sources manufacturers used to construct EC
arms to support SAT-based oncology submissions to the National Institute for Health and Care Excellence (NICE,
England) and Pharmaceutical Benefits Advisory Committee (PBAC, Australia); if any justification based on specific
quality criteria was provided by the manufacturers; and whether their rationales were accepted or criticized by the
HTA bodies. An additional objective was to determine, if, for those reports which provided some EC arm selection
justification, manufacturers and HTA bodies placed greater importance on any specific quality criteria regarding the
EC source selection to help inform manufacturers’ EC planning and decisions for future SAT HTA submissions.

Methodology
A comprehensive review was conducted in August 2021 to identify oncology HTA submission documents (both
primary and re-submissions) to NICE and PBAC since January 2011 in which SATs were used as the pivotal evidence
(i.e., the main evidence for the intervention being assessed/has been used in support of marketing authorization).
The definition of the EC arm from the US FDA E10 Choice of Control Group and Related Issues in Clinical
Trials Guidance (May 2001) (namely the control group is not derived from exactly the same population as the
treated population) was used to guide the inclusion of HTA submissions [1]. NICE and PBAC were selected given
the availability of information these bodies provide in the manufacturers’ submissions and assessment reports, to
allow elaboration of data to answer our research question. Oncology was chosen as the therapeutic area of interest
due to the advancement in highly effective therapies, especially in molecularly defined subsets of common cancers,
and the increase in regulatory approvals of therapies based on non-randomized clinical data [3,19]. The timeframe
(i.e., January 2011) coincides with the introduction of the Cancer Drugs Fund (CDF) by NICE, which provided
greater flexibility for the use of RWE for decision-making [20]. A pre-defined protocol guided the search process
and documentation of information (Supplementary Table 3). The NICE website was searched first to identify
relevant technologies. These were identified by applying filters (technology appraisal guidance under guidance
program) and applying a date restriction. These technologies were then systematically searched on the PBAC
website. Only publicly available documents were reviewed; requests for missing or incomplete documents were not
made. Re-submissions of technology assessments were also included as part of this review.

For NICE, terminated, superseded submissions, or multiple technology submissions were excluded. No PBAC
submissions were excluded as only completed submissions were identified. Non-oncology submissions or oncology
submissions assessing the complications of cancer or radiotherapies and surgeries were excluded, as they were
beyond the scope of this review. Two independent reviewers assessed the eligibility of submissions for inclusion;
any disagreements were resolved by a third reviewer.

A data extraction template was developed in Microsoft Excel R© and, subsequently, piloted. The template was
designed to capture: a summary of each HTA submission including year, target population in the decision problem,
and reimbursement decision; EC data source using pre-established categories (Table 1 for definitions) [15]; any
identification of/justification for the EC data source selection provided by the manufacturers; and any critique
by the HTA bodies of the manufacturer’s choice of EC data source. We mapped the manufacturers’ justifications
and HTA critiques regarding the EC arm source selection based on the relevant quality criteria developed by
Thorlund et al., 2020 (Table 2) [10]. These quality criteria provide guidance on what questions researchers should
ask when critically evaluating the EC evidence to be used for comparative assessments of SATs. Results were
synthesized qualitatively to identify themes in individual HTA submissions and provide insights to answer the
review’s research question. Full data extractions are available upon request. Information on statistical methodologies
and EC considerations were not extracted as part of this research as this was beyond the scope of this review.

Results
Review of appraisals & summary of trends
Twenty-nine oncology submissions to NICE and 19 to PBAC (Supplementary Table 1) using SATs as the pivotal
evidence base were identified. Fifteen submissions to NICE [21–35] and 10 to PBAC [36–45] were for treatments for
blood and bone marrow cancers. The other 14 NICE submissions were on non-small cell lung cancer (NSCLC;
n = 5) [46–50], skin cancers (carcinomas; n = 3) [51–53], bladder cancer (n = 2) [54,55], tumor agnostic (n = 2) [56,57], liver
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Table 1. Categories of external controls.
External control Definition Examples from NICE TAs

Concurrent Group based on patient-level data collected at the same
time as the treatment arm but in another setting
(e.g., group at another institution observed at the same
time, or a group at the same institution but outside the
study)

“The company. . . provide a comparison of vismodegib with
BSC in the CS through the use of a landmark analysis
approach where the relative treatment effect of responders
compared with non-responders is used as a surrogate. . . ”
(TA489)

Retrospectively collected,
real-world data (natural history
studies)

Patient-level data collected retrospectively as part of clinical
practice (e.g., from existing medical records, or from a
previously conducted registry)

“. . . based on patient level data (PLD) from. . . a European
Chart Review. . . a large observational retrospective study
commissioned. . . ” (TA491)

Published data Aggregate data derived from the published literature, but
without access to subject-level data

“. . . it was found that only one study (a retrospective cohort
study by Ou et al.) provides evidence on BSC. . . ” (TA395)

Previous clinical study Patient-level data from an arm of a previously completed
clinical study in the same indication and/or patient
population

“As the IMPRESS trial was an AstraZeneca trial, access to the
individual patient level data (IPD). . . enabled a comparison
in the population referred to in the decision problem.”
(TA653)

Baseline-controlled study Historical data derived from a patient’s baseline
(e.g., collected over time prior to initiation of treatment,
and patients’ status on therapy is compared with status
before therapy [observed changes from baseline or between
study periods])

–

Adapted with permission from [15].
BSC: Best supportive care; CS: Company submission; NICE: National Institute for Health and Care Excellence; TA: Technology appraisal.

Table 2. Synthetic control quality checklist – external control data source questions.
Item number Key question Criteria for judgement

1 Was the original data collection process similar to that of the
clinical trial?

State whether patients are from large, well-conducted randomized
controlled trials or high-quality prospective cohort studies, and
whether patient characteristics are similar to the target population

2 Was the external control population sufficiently similar to the
clinical trial population?

State how the external population is similar with regard to key
characteristics, such as (but not limited to): age, geographic
distribution, performance status, treatment history, and sex

3 Did the outcome definitions of the external control match those of
the clinical trial?

State whether the outcomes are measured similarly or not

4 Was the synthetic control dataset sufficiently reliable and
comprehensive?

State whether there are sufficient sample sizes and covariates that
can create comparable control groups

5 Were there any other major limitations to the dataset? State any other aspects of the dataset that would limit the
reliability and validity of comparisons

Adapted with permission from [10].

cancer (n = 1) [58] and breast cancer (n = 1) [59]. The other nine PBAC submissions were on NSCLC (n = 4) [60–63],
carcinomas (n = 3) [64–66], colorectal cancer (n = 1) [67] and tumor agnostic (n = 1) [68].

The target population in the HTA assessment was identified using a biomarker in 15 NICE sub-
missions [21,22,25,28,33,46–50,54,56–59] and nine PBAC submissions [36,38,39,60–63,67,68]. Eleven NICE submis-
sions [21,25,27,28,30–33,35,52,58] and zero PBAC submissions were in orphan diseases (three NICE submissions had
orphan drug status at the time of submission but were subsequently withdrawn). A summary of single-arm trial
oncology submissions by external control data source is provided in Table 3, for NICE submissions and Table 4,
for PBAC submissions.

The number of oncology HTA submissions using SATs as the pivotal evidence base increased from 2017 to
2019 (Figure 2). For submissions to both agencies for the same technology and indication, three submissions went
to PBAC 3 years earlier than NICE (2014 vs 2017) [36,37,69], and four submissions went to PBAC 4 years earlier
(2015 vs 2019) [38–40,70].

In terms of reimbursement decisions, 14 submissions to NICE resulted in positive recommendations for routine
use [21–24,28,33,34,46–50,52,58], 12 for use within the CDF [26,27,30,31,33,35,51,53,54,56,57,59], and three were not recom-
mended [29,51,55]. One NICE submission which was not recommended for routine use had a second population in
which the technology was recommended as part of the CDF [29]. Sixteen PBAC submissions [36–45,60–63,65,66] were
recommended for routine use, and three were not recommended [64,68,71].
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Table 3. NICE single-arm trial oncology submissions by external control data source and external control
manufacturer’s justification, patient and disease characteristics and final decision-making.
External comparator source Total NICE SAT

submissions
SAT submissions
with a
biomarker-
defined patient
population

SAT submissions
in an orphan
disease
indication

Final HTA recommendations Any EC
justification
described in the
SAT submission

Positive (routine
use)

Use only in CDF Negative

Published, aggregate data
derived from an RCT or a SAT
only

4 (13.8%) 3 (10.3%) 2 (6.9%) 2 (6.9%) 2 (6.9%) – 4

IPD data derived from an RCT or
a SAT only

2 (6.9%) 1 (3.4%) – 1 (3.4%) – 1 (3.4%) 1 (3.4%)

Published, aggregate data
derived from observational
studies only

3 (10.3%) 1 (3.4%) 2† (6.9%) 2 (6.9%) – 1‡ (3.4%) 3 (10.3%)

IPD data derived from RWD only – – – – – – –

Concurrent internal controls only 1 (3.4%) – – – – 1 (3.4%) 1 (3.4%)

Multiple sources (combination of
the above)

19 (65.5%) 9 (31.0%) 7† (17.2%) 9 (31.0%) 10 (34.5%) – 19 (65.5%)

†Three submissions had orphan drug status at the time of submission which has since been withdrawn.
‡One submission assessed two populations, one of which received a negative recommendation and one which was recommended in the CDF.
CDF: Cancer Drugs Fund; EC: External control; HTA: Health technology assessment; IPD: Individual patient data; NICE: National Institute for Health and Care Excellence; RCT: Randomized
controlled trial; RWD: Real-world data; SAT: Single-arm trial.

Table 4. Pharmaceutical Benefits Advisory Committee single-arm trial oncology submissions by external control data
source and external control manufacturer’s justification, patient and disease characteristics and final
decision-making.
EC source Total PBAC SAT

submissions, n (%)
SAT submissions with a
biomarker-defined
patient population

SAT submissions in an
orphan disease
indication

Final HTA
recommendations

Any EC justification
described in the
SAT submissionPositive Negative

Published, aggregate data derived from
an RCT or a SAT only

7 (36.8%) 5 (26.3%) – 5 (26.3%) 2 (10.5%) 2 (10.5%)

IPD data derived from an RCT or a SAT
only

– – – – – –

Published, aggregate data derived from
observational studies only

5 (26.3%) – – 2 (10.5%) 1 (5.3%) 3 (15.8%)

IPD data derived from RWD only – – – 2 (10.5%) 1 (5.3%)

Concurrent internal controls only – – – – – –

Multiple sources (combination of the
above)

7 (36.8%) 4 (15.8%) – 7 (36.8%) – 2 (10.5%)

EC: External control; HTA: Health technology assessment; IPD: Individual patient data; PBAC: Pharmaceutical Benefits Advisory Committee; RCT: Randomized controlled trial; RWD:
Real-world data; SAT: Single-arm trial.

Justification by manufacturers & critiques by HTA bodies of EC data source in NICE submissions
Study design
Among the 29 retrieved NICE submissions, four submissions (13.8%) constructed an EC arm using aggregated
interventional data only [30,48,57,58], 2 (6.9%) used IPD from an RCT or a SAT only [47,54], three (10.3%) solely
relied on aggregated RWD only (observational studies) [29,33,52], 1 (3.4%) was from a concurrent internal control
only [51] and 19 used a combination of sources (Table 3) [21–24,26–28,31,33–35,46,49–51,53,54,56,59]. Justifications based on
study design were not frequently reported; however, the most common source to build a control arm was aggregate
data, which were derived from published literature based on previous interventional studies (n = 18) [21,22,25,27,30–

32,35,46,48–50,54–59] or retrospective observational data (n = 17) [21–24,26,28,29,31–33,35,46,49,52,53,56,59].
In the submissions that used concurrent internal controls, manufacturers justified this EC selection based on the

lack of any relevant RCT and SAT comparator data through a systematic literature review [24,28,34,51]. However,
the use of concurrently conducted internal controls (by means of non-responders/intra-patient comparison) was
considered unreliable by the decision-making committees in all submissions, mainly due to the challenges of
conducting parallel and controlled assignment of patients to different treatment arms.
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Figure 2. Number of oncology submissions from 2014 to 2021 per health technology assessment body with a
single-arm trial as the pivotal evidence.
NICE: National Institute for Health and Care Excellence; PBAC: Pharmaceutical Benefits Advisory Committee.

Population

The EC arm closely matched the target population in the decision problem in 19 of the 29 SAT oncology
submissions, according to the manufacturer [21–23,25–27,29–33,35,46–49,52–55]. In the other nine submissions, three
used a proxy population [50,58,59], two used a pooled dataset across a mixed population to maximize the sample
size [56,57], and four used non-concurrent internal control groups from non-responders [24,28,34,51]. In all cases,
the manufacturers stated the lack of evidence in the population of interest to justify the EC selection. For proxy
populations, manufacturers relied on clinical feedback to support this selection. No justification was provided for
the other types of EC sources. In all submissions, NICE cited concerns in the source selection of EC populations
due to potential heterogeneity with the target populations. For the two submissions in which manufacturers used a
pooled dataset across a mixed population, the committee noted that there was no further evidence supporting the
comparability of these populations, and no formal assessment that could be conducted to determine the direction
of bias in the results [56,57].

Outcome

One submission explicitly discussed differences regarding outcome definitions between SAT and EC source [50]. No
specific critiques were recorded by NICE on this matter. However, in one submission, where data informing the EC
were pooled across studies, different studies were selected by the manufacturers to inform each end point (overall
survival, progression-free survival) in the clinical assessments. NICE noted that this approach was unacceptable as
data should only be pooled from studies in which all time-to-event endpoints of interest were reported, to preserve
within-study correlation between outcomes [35].

Reliability & comprehensiveness

In 10 submissions, manufacturers noted issues with the sample size in the selected EC data (given the nature of
rare diseases) and a lack of reporting of prognostic variables for these groups [24,30,33–35,48,49,51,53,59]. The NICE
committee felt that small sample sizes were subject to increased uncertainty when considering the subsequent
estimated treatment effect. When there was an explicit exclusion of relevant prognostic variables, reweighting
analysis was criticized to directly affect the precision and confidence of results in the indirect treatment comparisons
(ITC).

Other limitations

In 11 submissions, manufacturers justified the use of a proxy comparator (e.g., pooling data to form a blended
comparator) due to either a lack of SoC or the need to increase the sample size of the EC arm [32–35,47–49,53,56,57,59].
The NICE committee felt this approach lacked clinical validation, given this was not reflective of the comparator
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Table 5. NICE single-arm trial oncology submissions by external control data source and manufacturer’s justification
according to external control data sources questions.
EC source Total NICE SAT

submissions, n (%)
EC data source questions

Study design: Was
the original data
collection process
similar to that of
the clinical trial?

Population: Was
the EC population
sufficiently similar
to the clinical trial
population?

Outcomes: Did the
outcome
definitions of the
EC match those of
that clinical trial?

Reliability and com-
prehensiveness:
Was the synthetic
control dataset
sufficiently reliable
and
comprehensive?

Other limitations:
Were there any
other major
limitations to the
dataset?

Published, aggregate data
derived from an RCT or a SAT
only

4 (13.8%) 4 (13.8%) 3 (10.3%) 1 (3.4%) 3 (10.3%) 1 (3.4%)

IPD data derived from an RCT or
a SAT only

2 (6.9%) 1 (3.4%) 1 (3.4%) – 1 (3.4%) –

Published, aggregate data
derived from observational
studies only

3 (10.3%) – 2 (6.9%) – 1 (3.4%) 1 (3.4%)

IPD data derived from RWD only – – – – – –

Concurrent internal controls only 1 (3.4%) – 1 (3.4%) – 1 (3.4%) –

Multiple sources (combination of
the above)

19 (65.5%) 6 (20.7%) 12 (41.4%) – 10 (34.5%) 8 (27.6%)

EC: External control; IPD: Individual patient data; NICE: National Institute for Health and Care Excellence; RCT: Randomized controlled trial; RWD: Real-world data; SAT: Single-arm trial.

in the decision problem. A summary of manufacturer’s justification for single-arm trial oncology submissions to
NICE, by external control data source is provided in Table 5.

Justification by manufacturers & critiques by HTA bodies of EC data source in PBAC submissions
Study design

Of 19 SAT-based submissions to PBAC, seven (36.8%) constructed an EC using aggregated interventional data
only [40,60–62,66–68], five (26.3%) relied on RWD only (observational studies using aggregate data n = 3 [45,64,65];
RWE IPD n = 2 [37,41]) and seven (36.8%) used a combination of sources (Table 5) [36,38,39,42–44,63]. Aggregate data
were used in most submissions to build a control arm and were commonly derived from published literature from
interventional studies (n = 11) [36,40,42,43,60–63,66,68,71] or retrospective observational studies (n = 9) [36,38,39,42–

44,63–65]. Retrospective IPD RWE (i.e., from registries) formed the EC arm in four submissions [37,39,41,45]. The
least common EC source was concurrently conducted internal controls (by means of non-responders/intra-patient
comparison; n = 1) [40].

Although no submissions provided specific justification for the selection of EC based on study design, PBAC
generally noted that the nature of study designs providing data to build the EC arm, with respect to observational
and non-randomized trials, introduced a high risk of bias.

Population

Four submissions used an EC arm in a proxy population [40,43,44,63]; PBAC criticized this choice because the
EC population was considered heterogenous compared with the target population in the SAT, and imbalances in
prognostic factors in the two populations which may not have been accounted for. No justification was provided
in the remaining 15 submissions, although heterogeneity between the target population and EC population was
either acknowledged by the manufacturer [67], or criticized by PBAC [36,38,39,71].

Outcome

No manufacturer justifications were provided for this topic. However, PBAC noted that heterogeneity surrounding
end point definition and assessment criteria, as well as the duration and follow-up of comparator studies, may lead
to biased comparative treatment-effect estimates for SATs. Pooled treatment-effect estimates for EC arm (informed
by multiple studies) were considered unreliable due to the high risk of bias.

10.57264/cer-2023-0140
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Table 6. Pharmaceutical Benefits Advisory Committee single-arm trial oncology submissions by external control data
source and manufacturer’s justification according to external control data sources questions.
EC source Total PBAC SAT

submissions, n
(%)

EC data source questions

Study design: Was
the original data
collection process
similar to that of
the clinical trial?

Population: Was
the EC population
sufficiently similar
to the clinical trial
population?

Outcomes: Did the
outcome
definitions of the
EC match those of
that clinical trial?

Reliability and com-
prehensiveness:
Was the synthetic
control dataset
sufficiently reliable
and
comprehensive?

Other limitations:
Were there any
other major
limitations to the
dataset?

Published, aggregate data
derived from an RCT or a SAT
only

7 (36.8%) – 1 (5.3%) – – 1 (5.3%)

IPD data derived from an RCT or
a SAT only

– – – – – –

Published, aggregate data
derived from observational
studies only

5 (26.3%) – – – – –

IPD data derived from RWD only – – – – 1 (5.3%) –

Concurrent internal controls only – – – – – –

Multiple sources (combination of
the above)

7 (36.8%) – 3 (15.8%) – – 2 (10.5%)

EC: External control; IPD: Individual patient data; NICE: National Institute for Health and Care Excellence; RCT: Randomized controlled trial; RWD: Real-world data; SAT: Single-arm
trial.

Reliability & comprehensiveness

The manufacturers offered no justifications for EC selection based on these criteria. One submission justified the
small sample size of its comparator arm (n = 7 from a pool of 2312 from registry data) due to the rarity of the
condition, which manufacturers felt reflected the proposed PBAC population (i.e., population under evaluation) [67].
PBAC disagreed, noting the sample size was likely to be much larger than what was presented in the manufacturer’s
justification.

Overall, PBAC raised concerns about the EC sources of limited sample size and when clinically relevant prognostic
factors and confounders were not accounted for in ITCs, thus limiting the confidence in the comparative estimates.

Other limitations

In three submissions, historical data were used to construct the EC arm, as it was justified to be the best available
EC evidence by the manufacturers [44,63,66]. PBAC noted that the EC arm using historical data was unlikely to
reflect current clinical practice or the population in Australia. These issues were not addressed by the manufacturer,
as in some instances, PBAC acknowledged that due to the rarity of the population, no better data would be
expected [66]. A summary of manufacturer’s justification for single-arm trial oncology submissions to PBAC, by
external control data source is provided in Table 6.

Discussion
The methods to select and use EC arms to support SAT regulatory and reimbursement submissions have been
rapidly evolving [9]. Previous research has focused on EC methodological issues in regulatory and HTAs such
as: trial design that may incorporate EC data in oncology [8], descriptive statistics of EC source use in SAT-
based HTA submissions [9], or general methodological considerations to improve rigor in the generation of EC
arms using RWD [7]. The current study, however, aimed to investigate if, and how the selected EC source was
justified in manufacturers’ SAT-based oncology HTA submissions, and whether and how HTA bodies criticized
the manufacturers’ choices. More transparency is needed on this topic as it is unclear if the lack of information
regarding the justification of EC source was not considered by the manufacturers in the first place or was not
mentioned by the HTA bodies (who may have considered this topic during the committee’s discussion) but was not
included in the documentation. Overall, our research found that manufacturers’ rationales were limited in NICE
submissions and rarely reported in those for PBAC, and the lack thereof was not routinely challenged by either
HTA body. When EC selection critiques were mapped for the same health technologies assessed by both NICE
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and PBAC, it was found that patient heterogeneity, lack of local population representation, and limited sample size
were the three top concerns (Supplementary Table 2).

Across the reviewed submissions, there was a trend for manufacturers to select an EC arm that closely matched
the SAT population in terms of baseline characteristics and the use of comparator regimens. The choices of study
design (RCT, RWE), data source and outcome definition were not usually justified for included EC arms, and it
seems that the assessment committee tended to provide feedback on these SAT elements only in tandem with other
evidence limitations. When RWE was used to build EC arms, HTA bodies looked more extensively at the quality,
locality, and representativeness of clinical practices of these data compared with other sources (e.g., RCTs).

In terms of the other assessment domains (reliability and comprehensiveness), EC data were scrutinized mainly
when they could have impacted the precision of ITC results (e.g., sample size and consideration of all prognostic
variables and effect modifiers). Our review indicated that aspects of EC data sources closely linked to the analytical
methods of constructing comparative clinical assessments for SAT submissions were more highlighted in HTA
critiques than the rationale for the EC data source.

Similar to our findings, a previous review of NICE single technology appraisal oncology submissions noted that
a key criticism was the lack of clear justification of the similarities between trial population and patients considered
in RWE study [72]. It is unclear though how these concerns about patient similarity can be justified when multiple
EC sources are available, and how the lack of hierarchical criteria (e.g., what factors determine an acceptable level
of ‘patient similarity’ and how this trades off with other considerations such as data quality) can compromise
transparency and consistency in HTA decision-making.

Importantly, the quality of EC data is a key driver for the credibility of SAT comparative analyses, which can pose
threats to the validity of estimated relative treatment effects, independent of the statistical methodologies used. It is
well recognized that there are challenging trade-offs when selecting the most appropriate EC data source to build
comparator arms in SATs. For example, it is considered nearly impossible to balance all unknown or unmeasured
confounders when historical RWE data are used to build the EC arm. In these cases, trade-offs should be justified
by manufacturers and considered by decision-makers by making trade-offs between accepting lower precision of
treatment-effect estimates vs widening patient inclusion criteria to a more heterogeneous population to increase
precision of treatment-effect estimates. Another example is related to differences in outcomes/end point collection
methods (e.g., assessor [independent review committee, investigator] and assessment criteria of response and/or
progression-free survival endpoints) in an SAT vs in EC sources and how this may impact the decision around the
EC data source selection. Issues around data locality and transferability of evidence from other jurisdictions were
rarely discussed in the included HTA submissions, except for the reference to current practice for a given healthcare
system. Overall, the lack of manufacturer’s justification in the selection of a specific data source to construct an EC
arm can directly lead to increased uncertainty and lack of trust for the results of the comparative efficacy analyses.

Formal approaches for estimating the potential direction, magnitude, and uncertainly of bias associated with mea-
sures of treatment effects in the HTA decision-making process have been a long-standing practice (e.g., probabilistic
sensitivity analyses in cost-effectiveness analyses and quantitative bias analyses in comparative efficacy/effectiveness
research) and formally recommended in the recent SAT guidance from various organizations (e.g., FDA, NICE) [12].
In addition, RWE-specific methods such as using a target trial emulation framework [73] may also help categorize
and mimic the characteristics of SATs to identify the most comparable EC source by clearly describing the trade-offs;
however, it is recognized that a target trial emulation framework may be more challenging to be implemented in
SATs [12]. This may influence manufacturers’ practices in future SATs submissions as well as HTA critiques.

The findings from our review can also inform early generation plans to support SAT clinical programs; early
insight on the potential challenges in the available EC arm can help manufacturers identify alternative evidence
generation or analytical strategies to mitigate some of these future problematic situations. For example, building up
a strong justification regarding the EC data identification and selection in the base-case analysis can involve back-up
validation exercises using data from separate sources (e.g., natural history study, case report forms, registries) as
scenario analyses.

The recent explosion of RWE frameworks as published by HTA bodies (e.g., NICE [12], Canadian Agency for
Drugs and Technologies in Health [13]) and working groups (e.g., RWD in Asia for HTA and Reimbursement [74]), as
well as reporting guidance from international societies (e.g., International Society for Pharmacoepidemiology/The
Professional Society for Health Economics and Outcomes Research) [13,75] offers some guidance around RWE
use to build EC arms for SAT-based HTA submissions. However, this still leaves unanswered questions regarding
the selection and justification of other data sources, or blended comparators across different study designs, on
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top of problems of adherence to multiple guidance documents for manufacturers preparing for multiple countries
submissions. Interestingly, the US FDA draft guidance [11] on considerations for the design and conduct of externally
controlled trials provides some clarity for the EC arm selection process during SAT planning, recommendations
that can be also applicable to drive EC arm selection decisions and criteria in the HTA setting even though different
decision criteria are applied for the technology assessments between regulatory and HTA agencies.

Establishing trade-off decision criteria (e.g., between data locality vs quality) for robust EC source selection
and reliable SAT analysis, although multifactorial and possibly dependent on the decision problem, will enable
manufacturers to guide the EC selection based on clear, consistent, and acceptable practices. Until then, HTA bodies
may need to follow FDA approaches in transparently documenting decisions regarding key methodological topics
(such as the FDA commitment to record types of surrogate outcomes used in submissions) for topics such as the EC
data source selection that can guide future submissions, transparently demonstrate consistency in decision-making,
and remove delays in the submission process.

Limitations
The current findings were informed by a 2021 review; therefore, recent submissions to NICE and PBAC (particularly
those based after the publication of 2022 NICE RWE framework) have not been captured. Research-related
information in PBAC’s public summary documents was sparse compared with information available from NICE;
therefore, interpretation of findings from the current review does not fully reflect what may have changed as a
result of recently published HTA RWE guidance documents. For example, explicit reference to bias quantification
methods (as referenced by the NICE RWE framework) was not systematically extracted through the manufacturers’
submissions but was only captured if mentioned by the committee’s critique. Furthermore, the justification of EC
selection to inform ITCs may be reported as part of supplementary HTA submission materials, which are often not
publicly available; no effort was made to obtain additional information from any stakeholders though individual
contacts. In addition, manufacturers may have previously consulted respective HTA bodies as part of early scientific
advice regarding the EC study design and therefore did not clearly document their decisions in their submissions,
if aligned with that advice. Of note, the interpretation of findings across these HTA submissions was qualitative,
speculative in some instances when the information regarding the research question was indicative but not clear,
and some individual interpretation of data collection may be unavoidable. Finally, the findings were based on
SAT-based oncology submissions to NICE and PBAC which may not be generalizable to other indications and
HTA agencies.

Conclusion
EC data source selection and justification seems to have been an underassessed and underreported area in SAT
oncology submissions to both NICE and PBAC. An unbiased selection of the most representative and fit-for-
purpose EC data source will allow transparency and trust in the results of the comparative treatment effects of
SATs beyond exclusive focus on quality concerns of EC data source. Further research should explore whether the
use of step-wise selection criteria (e.g., quality, locality), including those provided by recent RWE frameworks
developed by HTA agencies, can guide the choice and justification of EC sources to be used in SAT-based HTA
submissions including also informing decisions around the early evidence generation planning activities for the
clinical development of new products.
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Summary points

• In diseases with high unmet need, single-arm trials (SATs) are often used to support submissions of new health
technologies. In the absence of comparative data for SATs, data from externals controls (ECs), outside the SAT
setting, are needed to build the comparative effectiveness estimates for the new technologies vs comparators
established in clinical practice.

• The present review aimed to identify how the EC data source used in SAT oncology health technology assessment
(HTA) submissions was identified and justified by the manufacturers, and how this was critiqued by the
decision-makers.

• Overall findings showed that EC data selection was rarely justified by manufacturers on SAT submissions to the
National Institute for Health and Care Excellence (NICE) and was seldom reported in Pharmaceutical Benefits
Advisory Committee (PBAC) oncology submissions.

• This lack of rationale for the selection of EC data sources was not routinely challenged by either HTA agency
which can lead to increased uncertainty on whether alternative data sources may have provided less biased
evidence for the relative treatment analyses compared with what was selected by the manufacturers.

• Aggregate data were the most common data source used to build EC arms in both NICE and PBAC submissions.
When real-world evidence (RWE) was used to construct EC arms, HTA bodies looked more extensively at the
quality, locality, and representativeness of clinical practices of these data compared with other sources
(e.g., randomized controlled trials).

• HTA bodies more widely critiqued the aspects of EC data sources closely linked to the analytical methods of
constructing comparative clinical assessments for SAT submissions than the rationale for the selection of EC data
source.

• These findings can also inform early generation plans to support SAT clinical programs and provide
manufacturers with insights on the potential challenges in the selection of ECs, thus avoiding delays in patient
access to new technologies.

• Guidance needs to be more explicit regarding the selection and justification of data sources to build EC arms for
SAT-based HTA submissions, or use of blended comparators across different study designs, as well as how to
handle submissions across multiple localities.

• There is a need to establish clear and consistent trade-off decision criteria (e.g., data locality vs quality) to guide
manufacturers in the selection of the most robust and reliable EC source for SAT submissions.
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