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A B S T R A C T
Objectives: The development of accelerated approval programs for high morbidity and unmet need conditions has driven the
use of single-arm studies in drug development. Regulatory and health technology assessment (HTA) agencies are recognizing
that high-quality external control arms (ECAs), built using real-world data, can reduce uncertainties arising from single-arm
studies. This review compared 7 case studies of regulatory and HTA agencies’ evaluations of oncology ECAs.
Methods: Food and Drug Administration multidisciplinary reviews for oncology submissions from 2014 to 2021 were
screened to identify 7 cases (2 blinatumomab indications, avelumab, and erdaﬁtinib, entrectinib, trastuzumab deruxtecan,
and idecabtagene vicleucel) with ECAs to support efﬁcacy claims. Regulatory (Food and Drug Administration, European
Medicines Agency, Health Canada) and HTA (pan-Canadian Oncology Drug Review, National Institute for Health and Care
Excellence, Federal Joint Committee, Haute Autorité de Santé, and Pharmaceutical Beneﬁts Advisory Committee) submissions
for these cases were reviewed. The decision makers’ ECA critiques and the level of inﬂuence on the decision were analyzed
and categorized.
Results: Across case studies, selection bias and confounding were the most common ECA critiques. Nevertheless, agreement in
critiques between and among regulators and HTA bodies was low. ECA inﬂuence on agencies’ decisions also varied.
Conclusions: Evaluating the same ECA evidence, agencies focused on methodologic issues (ie, selection bias and confounding),
but were often not aligned on their critiques. Further research is needed to fully characterize how agencies evaluate ECAs.
This study is a ﬁrst step in critically evaluating agencies’ critiques of ECAs and highlights the need for future guidance
development around ECA design and generation.
Keywords: external control arms, health technology assessment, oncology, real-world evidence, regulatory approval.
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Introduction
Accelerated approval programs for high morbidity and high
unmet need diseases have driven the use of single-arm studies,
studies that do not include placebo or active comparator arms (ie,
no concurrent control), for drug development. Single-arm studies
speed up patient access to innovative treatments because they
often require fewer patients than randomized controlled trials
(RCTs) and use intermediate or surrogate endpoints (eg, objective
response rate [ORR]). Oncology drug development has been
increasingly relying on single-arm studies: from 1992 to 2017, 67%
of the Food and Drug Administration’s (FDA) accelerated approvals
were based on single-arm trials.1 Similar trends have been
observed in health technology assessment (HTA) submissions.
From 2000 to 2016, 22 submissions to the National Institute for
Health and Care Excellence (NICE) in the UK were based on
nonrandomized data, and oncology drugs accounted for more
than half of these submissions.2

A consequence of using single-arm studies is generally less evidence on the therapeutic beneﬁts of the product at market launch.
In the absence of the preferred evidence standard (ie, large-scale
RCTs with a true state of clinical equipoise) in submission packages, real-world evidence (RWE)—or evidence generated from realworld data (RWD)—is increasingly being considered by decision
makers. External control arms (ECAs) generated from RWD, or “data
relating the patient health status and/or the delivery of healthcare
routinely collected”3 from insurance claims, electronic health records (EHRs), registries, etc, are emerging to contextualize singlearm trial data by exploring what would happen if single-arm trial
patients did not receive the study drug. An ECA is “an umbrella
term referring to any control that is not a randomized control” and
includes control data collected concurrently or historically from
previous clinical trials or RWD.4 There are numerous challenges to
decision makers’ adoption of RWE, especially in the context of ECAs,
as a trusted source of evidence. One main concern is the potential to
introduce bias that is often reduced through randomization; for
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example, 2 common methodological challenges are confounding, or
systematic differences in patient characteristics across treatment
groups that can affect effectiveness and selection bias, or individuals in a study differing systematically from the population of
interest, leading to a systematic error in an association or outcome.
Using regulatory case studies, multiple groups have examined
methodological challenges for designing ECAs and have suggested
strategies to mitigate them.4-9 Nevertheless, best practice guidance for ECA development from regulators and HTA agencies is
lacking, making ECA design principles unclear and the ECA’s
routine acceptance by regulators and HTAs uncertain. Although
the FDA and the European Medicines Agency (EMA) issued highlevel recommendations for the characteristics of a persuasive
ECA (eg, well-deﬁned natural history, similarities between treatment and control arms, objective endpoint, and large effect
size),10,11 details on how these criteria are deﬁned and evaluated
by the agencies are unclear. With a lack of detailed guidance on
ECA design and use, uncertainties around agency agreement on
quality and what is considered submissible exist.
In the absence of clear recommendations, we can look to recent
case studies to evaluate how regulatory and HTA agencies evaluated
and accepted ECA evidence generated from RWD. The objective of
this descriptive evaluation is to compare a sampling of regulatory
and HTA evaluations of ECAs supporting oncology drug decision
making. This case study approach can begin to help us understand
how agencies evaluate ECA evidence in oncology submissions.

biologic products licensed—made publicly available on
Drugs@FDA website—between 2018 and 2021 (Fig. 1). The FDA
does not post documentation on drug or biologic therapies that
were not approved; thus, these nonapproved therapies could not
be included. To identify relevant cases from 2014 to 2017, we
identiﬁed peer-reviewed published articles that describe FDA
approvals that included RWE-based ECA.12-14 Once oncology ECAs
submitted to the FDA were identiﬁed, we searched the respective
agencies’ website for the matching therapy/indication regulatory
and HTA approval documentation in the European Union, Canada,
and Australia. Regulatory agencies represented were the EMA and
Health Canada (HC); HTA agencies represented were NICE (UK),
Federal Joint Committee (G-BA) (Germany), Haute Autorité de
Santé (HAS) (France), pan-Canadian Oncology Drug Review
(pCODR) (Canada), and the Pharmaceutical Beneﬁts Advisory
Committee (PBAC) (Australia). Most source documents were
available in English, others were translated.
FDA Multiple Disciplinary Reviews were evaluated to determine that the ECAs were used to support efﬁcacy claims. Criteria
used to select case studies included agency representation, formal
statistical comparison between the ECA and single-arm study,
diversity in tumor type, orphan designation, and year of approval.
For indication expansions, therapies that did not have previous
RCT evidence were prioritized. Seven case studies (from 6 therapies), with sufﬁcient variety, were selected from 17 candidates
(Appendix Table 1 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2022.05.016).

Methods

Document Search and Data Abstraction

Case Study Selection
To identify FDA approvals that included RWE-based ECAs, we
conducted an exhaustive search of FDA new drug approvals and

Regulatory and HTA documents were evaluated using a
prespeciﬁed data collection protocol and summarized by 2 authors (A.J. and C.M.). Discrepancies were discussed and resolved
with a third author (A.L.), as necessary. The documents

Figure 1. Case study search process.
2018-2021 FDA-approved NDAs and BLAs
234
Not oncology products
165
Oncology NDAs and BLAs
69
Did not include ECA to support
efficacy claims
55
Included ECA to support efficacy claims
14
2014-2017 ECAs cases
identified through literature
3
2014-2021 oncology approvals that included
ECA to support efficacy claims
17

Case studies included
7
*not mutually exclusive

Excluded
8* Lack of agency representation
2* No formal statistical comparison
2 Indication expansion, where first
submission was based in RCT data
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retrieved for the analysis are presented in Appendix Table 2 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
022.05.016. Key data elements were evaluated from each
source included:
1.
2.
3.
4.
5.
6.

Date of review/assessment, decision, and rationale for decision
ECA population including inclusion/exclusion criteria
ECA primary endpoint and details
Statistical or methodological issues
ECA results and interpretation by the agency
ECA evidence classiﬁcation (eg, sufﬁcient evidence)

Qualitative Data Analysis
Although agencies make decisions based on the totality of
evidence, some evidence sources can contribute more weight
than others. For each regulatory and HTA decision, the ECA’s
level of inﬂuence was assessed by 2 reviewers (A.J. and C.M.) who
evaluated the agencies’ decision rationale. Two levels of inﬂuence were deﬁned: high and low. A high level of inﬂuence
indicated that the ECA was a major part of the clinical and/or
economic evidence used for decision making. Low inﬂuence
indicated that either the agency did not comment on the results
of the ECA, implying the results were not taken into consideration, or the ECA results did not appear to inﬂuence the agency’s
decision. A high level of inﬂuence can affect the decision in either
a positive or negative direction, and the level of inﬂuence does
not imply quality of the ECA. For example, an ECA can be poorly
executed and have a high impact on the agency issuing a negative decision. From the statistical and methodological issues
noted in the agencies’ assessment of the ECA, we identiﬁed
recurring critiques of the key ECA elements (Table 1). The
critique themes aligned well with the typical challenges associated with nonrandomized evidence (eg, unmeasured confounding). Counts of critiques and average number of critiques for each
case study were calculated.

Results
The 7 case studies selected were blinatumomab for Philadelphia chromosome-negative relapsed or refractory B-cell precursor
acute lymphoblastic leukemia (ALL) (Ph2 ALL) and B-cell precursor ALL with minimal residual disease greater than or equal to
0.1% (MRD1 ALL), avelumab for metastatic Merkel Cell carcinoma
(mMCC), erdaﬁtinib for metastatic urothelial carcinoma that has
susceptible FGFR3 or FGFR2 genetic alterations (FGFR2/31 mUC),
entrectinib for ROS1 positive nonsmall cell lung cancer (ROS11
NSCLC), trastuzumab deruxtecan for unresectable or metastatic
HER2 positive breast cancer, and idecabtagene vicleucel for
relapse or refractory multiple myeloma. Across the 7 case studies,
20 regulatory reviews and 29 HTA decisions were evaluated,
including 7 HTA resubmissions (Appendix Table 2 in Supplemental Materials found at https://doi.org/10.1016/j.jval.2022.05.
016). All agencies reviewed blinatumomab for Ph2 ALL, avelumab, and entrectinib. The manufacturer of blinatumomab MRD1
ALL did not submit a dossier to HAS. Although we prioritized
cases with a formal statistical comparison of the ECA to the
single-arm study, we included avelumab, because it represented a
unique case type that used a naive comparison. Only the FDA and
HC evaluated erdaﬁtinib, but it was selected because it did not
had EMA and FDA orphan status. At the time of analysis, PCODR,
PBAC, and G-BA did not have assessments for trastuzumab deruxtecan and PCODR, NICE, PBAC, and G-BA did not have assessments of idecabtagene vicleucel.
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Table 1. Categories of common ECA critiques.
ECA critique category

Deﬁnition

Generalizability
SoC inconsistent over time

Treatment practices have
changed over time, and thus, the
generalizability of the external
control group is questionable.

ECA nongeneralizable to clinical ECA patient population was
practice
derived from outside the country
of interest, ECA patient
population and market
authorization did not match, or
other differences in ECA
population compared with
clinical practice.
Mitigation of confounding
Unmeasured confounding

All-important known confounders
were not available in the data
and/or were not included in the
adjustment analysis.

Unjustiﬁed confounders

Confounders used in adjusting
were not justiﬁed—no rationale
provided regarding why the
variable was considered a
confounder.

Naive comparison

No adjustment for confounders
was executed (eg, propensity
score matching).

Other
Selection bias

Individuals or groups in a study
differ systematically from the
population of interest leading to a
systematic error in an association
or outcome. Includes differences
related to start of follow-up time
(eg, immortal time bias).

Incorrect adjusting methods

Incorrect adjustment methods
were used.

Inconsistent outcomes
deﬁnitions

Outcome variables were deﬁned
differently in the clinical trial vs
RWD.

Data loss/insufﬁciency

Due to matching, the power to
detect effect was reduced or
substantial missing data
impacted results.

ECA indicates external control arm; RWD, real-world data; SoC, standard of care.

Blinatumomab Ph2 ALL
Blinatumomab is approved for “treatment of adults with Ph2
ALL.” The FDA approved blinatumomab in 2014, followed by EMA
and HC approvals in 2015. Regulatory and HTA submissions
included a phase II single-arm trial with an ECA as supplemental
evidence. The goal of the ECA, built from a historical database
from EU and US study sites, was to provide a relative measurement of complete remission (CR) and overall survival between
blinatumomab in the experimental arm and standard of care
(SoC) in the external arm. A literature review determined that
the percentage of patients on SoC that achieved CR ranged from
18% to 45%; the ECA was used to demonstrate that the efﬁcacy
cut point of 30% CR used in the experimental arm was
reasonable.
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Table 2. Critiques by case study and agency.
Case

Type

Agency

Inﬂuence

Blinatumomab Ph2 ALL

Regulator

FDA

High

EMA

High

HTA

Blinatumomab MRD1 ALL

Regulator

HTA

Avelumab

Regulator

HTA

Low
Low

G-BA

Low

HAS

Low

pCODR

Low

U

PBAC

High

U

FDA

Low
Low

HC

Low

NICE

Low

G-BA

Low

pCODR

Low

U

PBAC

High

U

FDA

Low

EMA

Low

HC

Low

NICE

High

G-BA

Low

HAS

Low

pCODR

Low

PBAC

High

FDA

Low

Entrectinib

Regulator

FDA

Low

Idecabtagene vicleucel

Regulator

EMA

Low

G-BA

Low

pCODR

Low

FDA

Low

EMA

Low

HTA

HAS

Low

Regulator

FDA

Low

EMA

High

HAS

Low

HTA

U

EMA

Regulator

Fam-trastuzumab deruxtecan-nxki

U

HC
NICE

Erdaﬁtinib

HTA

SoC inconsistent
over time

Sum of critiques across cases

U
U

8

ALL indicates acute lymphoblastic leukemia; ECA, external control arm; EMA, European Medicines Agency; FDA, Food and Drug Administration; G-BA, Federal Joint
Committee; HAS, Haute Autorité de Santé; HC, Health Canada; HTA, health technology assessment; LoT, line of therapy; MRD, minimal residual disease; NICE, National
Institute for Health and Care Excellence; PBAC, Pharmaceutical Beneﬁts Advisory Committee; pCODR, pan-Canadian Oncology Drug Review; Ph2, Philadelphia
chromosome-negative; SoC, standard of care.
*
Large percentages of patients in ECA had comparable efﬁcacy endpoints.
†
FDA noted that key differences (eg, age, LoT) were accounted for; HAS and pCODR had criticisms.
‡
NICE mentioned that arms are balanced.
§
NICE mentioned that weighting methods are appropriate.

The ECA was a main component of the clinical evaluation for the
efﬁcacy of blinatumomab for the FDA, EMA, and PBAC and appeared
to highly inﬂuence these agencies’ decisions (Table 2). Although
critiques varied across agencies (Table 2), the most prevalent
critique related to using a historical control arm spanning multiple
years when the SoC varied. Blinatumomab was granted regulatory
approval and reimbursement from each agency, although in multiple cases the reimbursement was restricted (Table 3).

Blinatumomab MRD1
The FDA, EMA, and HC approved expansion of blinatumomab’s label to include MRD1 ALL. The FDA and HC approved
the therapy for both children and adults, whereas the EMA
included adults only. The regulatory and HTA submissions
included a phase II single-arm study and an ECA to provide
supplemental evidence of relapse free survival and overall
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Table 2. Continued
ECA nongeneralizable to Unmeasured
clinical practice
confounding
*

Unjustiﬁed
confounders

†

Selection Incorrect
bias
adjusting
methods

Inconsistent
Data loss/
outcomes deﬁnitions insufﬁciency

U

U

‡

U
U

U

U

U
U

U

U

U
U

U

§

U
U
U

U

U

U

U
U
U
U
U
U
U

U

U
U

U

U

U

U

U

U
U

U

U

U

U

U

U

U

U

U

U

U

U
U

U
6

13

U
1

14

survival in patients treated with the SoC. The RWD came from a
registry outside the United States.
Blinatumomab’s ECA appeared to have a low impact on all
agency decision making except for PBAC (Table 3). All agencies
except PBAC appeared to use only the single-arm study evidence as proof of efﬁcacy and safety. Although PBAC’s critiques
of the ECA were like the other agencies (Table 2), it did
conclude that there was evidence of superior comparative

3

7

7

effectiveness based on the ECA results, although the magnitude
was uncertain.

Avelumab
Avelumab was approved by the FDA, EMA, and HC in 2017 for
the treatment of patients with mMCC. The FDA approval included
adult and pediatric patients at the age of 12 years or older and was
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Table 3. External control arm’s level of inﬂuence on the decision, by agency and drug.
Regulator
Drug

Indication

Blinatumomab (Blincyto)

(Ph-) R/R BCP ALL

Avelumab (Bavencio)

mMCC

FDA
Decision Accelerated approval

EMA
Conditional approval

Inﬂuence High

High

Decision Accelerated approval for
pts 121 years old

Conditional approval for adults

Inﬂuence Low

Low

Blinatumomab (Blincyto)

(MRD1) R/R BCP ALL

Decision Accelerated approval

Conditional approval

Inﬂuence Low

Low

Erdaﬁtinib (Balversa)

FGFR2/31 mUC

Decision Accelerated approval

-

Inﬂuence Low

-

Decision Accelerated approval

Conditional approval for pts not
previously treated with a ROS1

Inﬂuence Low

Low

Entrectinib (Rozlytrek)

Fam-trastuzumab
deruxtecan-nxki (Enhertu)

Idecabtagene vicleucel
(Abecma)

ROS11 mNSCLC

unresectable or metastatic HER21 Decision Accelerated approval
breast cancer (21L)

Multiple myeloma (41L)

Conditional approval

Inﬂuence Low

Low

Decision Approved

Conditional Approval

Inﬂuence Low

High

1L indicates ﬁrst-line; 2L, second-line; ASMR, drug’s improvement in medical beneﬁt measured on a scale from I (major beneﬁt) to IV (no improvement); CDF, Cancer
Drugs Fund; CR, complete remission; ECA, external control arm; EMA, European Medicines Agency; FDA, Food and Drug Administration; FGFR2/31 mUC, metastatic
urothelial carcinoma that has susceptible FGFR3 or FGFR2 genetic alterations; G-BA, Federal Joint Committee; HAS, Haute Autorité de Santé; HC, Health Canada; HTA,
health technology assessment; mMCC, metastatic Merkel Cell carcinoma; (MRD1) R/R BCP ALL, B-cell precursor acute lymphoblastic leukemia (ALL) with minimal
residual disease (MRD) greater than or equal to 0.1%; NICE, National Institute for Health and Care Excellence; PBAC, Pharmaceutical Beneﬁts Advisory Committee;
pCODR, pan-Canadian Oncology Drug Review; Ph2 R/R ALL, Philadelphia chromosome-negative relapsed or refractory B-cell precursor acute lymphoblastic leukemia;
Pt, patient; PS, performance status; SMR, drug’s medical beneﬁt, which ranges from insufﬁcient to important.

indicated for chemotherapy naive patients, whereas the EMA and
HC’s approved indications focused on adults only. HC further
restricted the indicated population to previously treated adults.
Regulatory and HTA submissions for avelumab included a singlearm study and an ECA, based on a retrospective chart review
and registry data to characterize the natural history of mMCC with
respect to treatment outcomes and contextualize the risk/beneﬁt
proﬁle of avelumab. The manufacturer made no formal statistical
comparison between treatment arms.
The major critiques from most agencies were the lack of a
formal statistical comparison between the ECA and the clinical
trial and the potential for selection bias, due to missing data on
the ECA patients including Eastern Cooperative Oncology Group

(ECOG) performance score, life expectancy, and previous therapies. Even when agencies agreed on critiques of avelumab’s ECA,
its level of inﬂuence seemed to differ among them (Table 2). For
most, the ECA’s level of inﬂuence appeared low; thus, agencies
relied on the single-arm study results alone in the evaluation of
efﬁcacy and did not consider comparative efﬁcacy.

Erdaﬁtinib
Erdaﬁtinib was approved by the FDA and HC in 2019 and 2020,
respectively, for the treatment of adult patients with FGFR2/31
mUC and who progressed during or after at least 1 line of previous
platinum-containing chemotherapy including within 12 months
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Table 3. Continued
Regulator HTA
HC

NICE

G-BA

Conditional Recommended with Nonquantiﬁable
additional beneﬁt
approval
restrictions (only if
discount provided)
Low

Low

Low

Conditional Recommended with Nonquantiﬁable
restrictions (2L)
additional beneﬁt
approval
(2L)
Low

High

Low

HAS

pCODR

PBAC

Recommended for 2L: ASMR III,
SMR Substantial

Recommended
with restrictions
for # of cycles

Recommended with
restrictions (# cycles;
recommended only after
resubmissions)
High

Low

Low

Recommended with restrictions:
2L1
ASMR: IV, SMR: Substantial

Recommended with
Recommended
restrictions for 1L (# cycles)
with restrictions
(good PS, # cycles)

Low

Low

High

Conditional Recommended with Nonquantiﬁable
approval
restrictions (ﬁrst
additional beneﬁt
remission)

Do not recommend; HAS issued Recommend with Recommended with
notice that manufacturer did not restrictions (good restrictions (# cycles;
submit for reimbursement
PS)
recommended only after
resubmissions)

Low

Low

N/A

Low

High

Conditional approval

-

-

-

-

-

-

-

-

-

Do not recommend; ASMR N/A,
SMR Insufﬁcient

Recommended
with restrictions
(good PS)

Recommended

N/A - did not review ECA

Low

N/A - did not review ECA

N/A - did
not review
ECA

Low

No proof of added
Conditional Recommended for
beneﬁt for pts not
approval
pts not previously
treated with a ROS1 previously treated
with a ROS1
N/A - did
not review
ECA

N/A - did not review Low
ECA

Conditional Recommended with approval
restrictions (CDF)
N/A - did
not review
ECA

N/A - did not review ECA

Recommended with restrictions (reassessment in 18 mo); ASMR V,
SMR Substantial

-

Low

-

-

Conditional Approval

-

Recommend with restrictions
(registry; qualiﬁed centers only);
ASMR V, SMR Important

-

-

-

-

Low

-

-

N/A - did
not review
ECA

of neoadjuvant or adjuvant platinum-containing chemotherapy.
The FDA regulatory submission included a single-arm study and
an ECA generated from US EHRs and German registry data. The
goal of the ECA was to “demonstrate that patients with FGFR alterations have lower rates of response to the SoC.”11 HC’s approval
documentation did not include a description or discussion of the
ECA. Either the ECA was not submitted, or HC did not believe it
was relevant evidence for decision making. Only the FDA approval
documentation was available to analyze.
Due to methodological concerns, the ECA seemed to have little
inﬂuence on the FDA decision (Table 2). The FDA approved erdaﬁtinib based on the acceptable safety proﬁle, response rate, and
duration of response from single-arm study alone.

Entrectinib
Entrectinib was approved by the FDA and HC in 2019 and
2020, respectively, for ROS11 NSCLC and was approved by the
EMA in 2020 for ROS11 NSCLC patients not previously treated
with an ROS1 inhibitor (Table 3). The clinical evidence included
an integrated analysis of 3 phase II trials and an ECA, generated
from EHR data, to compare time-to-treatment discontinuation
and progression-free survival with patients on crizotinib.
The ECA was evaluated by the FDA, EMA, pCODR, and G-BA. HAS,
NICE, and PBAC relied on indirect comparison to chemotherapy
from RCTs instead of the ECA, likely due to differences in standards
of care (eg, crizotinib was not considered the appropriate
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comparator in the NICE assessment). The ECA had a low impact on
decision making due to perceived methodological issues (Table 2).
For example, G-BA stated that selection bias and unmeasured
confounding could explain the small, estimated effect, and thus, the
ECA was not suitable to demonstrating a comparative beneﬁt.

Trastuzumab Deruxtecan
Trastuzumab deruxtecan was approved by the FDA in 2019 and
the EMA and HC in 2021 for treatment of unresectable or metastatic HER2-positive breast cancer in patients who have failed
previous therapy; HC speciﬁed that patients must have received
previous therapy with trastuzumab emtansine. The clinical evidence included multiple phase II studies and an ECA built from
French hospital EHR data. The goal of the ECA was to provide a
baseline for progression-free survival and ORR of other therapies
with a comparable patient population.
The ECA appeared to have low impact on regulatory and HTA
decision making (Table 2). Although HC and NICE assessed the
drug, they did not discuss the ECA. Both the FDA and HAS
described the ECA, but only relied on and reported the single-arm
study results. HAS and EMA noted that the ECA did not control for
all relevant confounders and the EMA took issue with several
other aspects (Table 2).

DECEMBER 2022

agencies’ decision making. Even when agencies agreed on critiques,
the impact of the ECA varied. The FDA and EMA agreed that the ECA
for idecabtagene vicleucel suffered from data loss, unmeasured
confounding, and selection bias. Nevertheless, the EMA considered
the ECA supportive in decision making (high impact) whereas the
FDA did not (low impact).
Differences in regulator and HTA remits might explain differences in critiques. Nevertheless, we observed differences in critiques among regulators and among HTAs. Regulatory reviewers
from the FDA and HC critiqued the same evidence differently for
blinatumomab’s Ph2 ALL’s ECA. HC cited the potential presence of
selection bias due to differences in enrollment criteria regarding
blast counts and inconsistencies in primary outcome deﬁnitions
between the single-arm study and the ECA. HC based its reimbursement decision solely on the single-arm study due to these
methodological ﬂaws, yet the FDA did not raise similar concerns.
NICE and G-BA cited selection bias as a major issue for avalumab’s
ECA whereas HAS, pCODR, and PBAC did not critique it. For NICE and
PBAC, avelumab’s ECA was used to provide generalizable estimates
of efﬁcacy versus SoC, whereas HAS and G-BA relied only on the
single-arm study and dismissed the ECA for methodological ﬂaws.

Discussion

Idecabtagene Vicleucel
Idecabtagene vicleucel was approved for fourth-line relapse or
refractory multiple myeloma by the FDA, EMA, and HC in 2021.
The clinical evidence included a single-arm study and an ECA
generated from RWD across multiple sources including clinical
sites, registries, and a research database. The goal of the ECA was
to provide an estimate of ORR in patients receiving at least 3
previous myeloma regimens.
The FDA, EMA, and HAS evaluated the ECA and agreed that, due
to missing data for baseline prognostic factors, important covariates were not included in the model, and thus, results were likely
biased (Table 2). Both the FDA and HAS considered these methodological issues to be substantial enough to not consider the ECA
in their decision making. Nevertheless, despite the limitations, the
EMA “found that the ECA contextualized the ﬁndings” from the
single-arm study and “thus supported approval.”

Quantifying Regulatory and HTA Critiques
Within the 7 case studies and across the 8 regulatory and HTA
agencies, 59 critiques were recorded. Selection bias and unmeasured confounding were the most cited critiques (Table 2). On
average, there were 2.4 critiques per agency for each ECA. PBAC
had the highest average number of critiques (3.3) followed by the
FDA (2.4). There was a similar number of critiques from regulatory
and HTA agencies (2.1 each), on average.

Comparing Critiques
When 8 regulatory and HTA agencies reviewed the same clinical
evidence, reviewers raised different critiques (Table 2) and, in several
cases, had opposing conclusions on the clinical evidence base and
subsequent impact the ECA had on decisions. In blinatumomab’s Ph2
ALL ECA, the FDA noted that the propensity score matching analysis
resulted in key potential confounders becoming balanced between
the ECA and single-arm study. Nevertheless, HAS and pCODR did not
agree; HAS noted that there was a mismatch of patients receiving
allograft treatment post propensity score matching, and pCODR
noted differences in previous lines of therapy and a lack of information on the performance status of patients in the ECA. Opposing views
on both the impact of confounding and the quality of the ECA likely
led to differences in how blinatumomab’s ECA potentially affected

ECAs generated from RWD supplementing single-arm oncology
trials for regulatory approval and reimbursement decisions have
become an increasingly popular strategy to provide decision makers
with contextual information on the experience of patients not given
the study therapy.15 The 7 cases analyzed were all approved by regulators, mostly through accelerated pathways, and in most cases were
granted positive reimbursement decisions (although numerous decisions needed resubmissions to negotiate terms for pricing and came
with additional restrictions on use; Table 3). HTA resubmissions were
not driven by the need to clarify the ECA clinical evidence, potentially
indicating that in these cases the ECA evidence was sufﬁcient for
submission or that the ECA was not necessary for decision making.
The ECA evidence appears to have limited impact on regulatory and
HTA decision making; the ECA appeared to have high impact on the
decision in only 7 of 34 total agency assessments (1 high impact for
FDA; 2 for EMA; 3 PBAC; 1 NICE). Given these use cases were identiﬁed
ﬁrst via FDA approvals, we expected the ECAs—especially in FDA reviews—to be more impactful. Thus, the limited impact of the ECAs is
an interesting ﬁnding. It could be due to the inherent challenges with
generating robust ECAs within RWD (eg, selection bias or confounding), regulatory and HTA’s limited experience with interpreting
ECAs, or it could be related to special circumstances within oncology.
The impact of ECAs on regulatory and HTA decision making should be
explored over time and in disease conditions outside oncology.
When reviewing the same clinical evidence, there was disagreement between and among regulatory and HTA agencies on ECA critiques and the ECA’s impact on decision making within the 7 case
studies. Differences in clinical evidence interpretation are not a new
phenomenon in agency decision making.16 Differences in remits,
approaches to risk, and processes can affect evidence interpretation.
Nevertheless, we did not observe distinctive patterns in critiques or
ECA’s inﬂuence between agency types and among agencies in the 7
case studies. In addition, the number of critiques did not appear to be
related to the impact of the ECA. For example, the EMA discussed 3
critiques (ie, unmeasured confounding, selection bias, and data loss/
insufﬁciently) for idecabtagene vicleucel and, despite these limitations, found the ECA to contextualize the ﬁndings from the single-arm
study and thus support approval.
Consistent with challenges in RWE studies in general, the
common critiques across agencies were selection bias and
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confounding. Selection bias was the most cited critique of ECAs for
multiple agencies across case studies (eg, G-BA blinatumomab’s
MRD1 ALL; FDA and G-BA avelumab; Table 2). Both selection bias
and confounding can be mitigated through selecting high-quality
ﬁt-for-purpose data (ie, data relevant to the research question)
and good epidemiological practices that focus on a priori study
design.16 Although using appropriate methods is essential, methodological choices cannot compensate for poor quality data. For
ECAs to be successful components of evidence packages, highquality RWE must exist. There may be unique challenges in
RWD collection (eg, lack of ECOG performance status in RWD
sources) that increase the frequency of selection bias and
confounding issues; further studies should explore frequency of
ECA methodological critiques in other therapeutic areas.
For manufacturers to ensure they are presenting the best
available evidence to regulatory and reimbursement decision
makers, they must understand how evidence will be interpreted
and used in speciﬁc jurisdictions. How agencies weigh and interpret clinical evidence, like an ECA, warrants guidance from decision makers on what constitutes the appropriate use of an ECA
and a description on how the evidence will be evaluated. Although
there are numerous recommendations on RWE, a recent article16
highlighted the current gaps in existing RWE guidance and
noted the need for additional guidance on ECA study design and
execution. RWD-based ECA guidance from the FDA is expected in
2022.17
This article has some limitations. From the systematic search of
ECAs in FDA approvals, we selected 7 case studies that the agencies
were likely to have an in-depth evaluation of the ECA evidence (ie,
mostly focused on ECAs with formal statistical comparison submitted as efﬁcacy evidence). We also excluded cases due to the lack
of assessments from other agencies because our objective was to
compare agency decision making when the same ECA evidence was
submitted. There is the potential this introduced selection bias in
our sample. Our analysis was based on publicly available decision
documentation published by regulatory and HTA bodies. It is
possible that not all criticism or acceptance of ECAs’ evidence was
included in agency reviews. Nevertheless, these documents are
commonly used in the literature to detail why a speciﬁc regulatory
and reimbursement decision was made. We focused on the presence of an ECA in the FDA documentation as an anchor. There may
be instances for which therapies have been approved with ECA
evidence in ex-US jurisdictions but were not approved by the FDA.
The FDA does not publish decision documentation for therapies that
are not approved, which could skew the selection of cases to more
positive assessments of ECAs. For some agencies, the single-arm
study evidence was enough to justify regulatory or reimbursement approval, which could indicate that the severity of the cancer
and lack of alternative treatments are more inﬂuential to the decision than the need for comparative effectiveness evidence. Finally,
agencies make decisions on the totality of evidence and do not
publicly discuss which evidence ranked higher in their decision
making, which makes it difﬁcult to determine the impact of the ECA
on the ﬁnal decision. We subjectively rated the level of inﬂuence
based on the agencies’ summary of the evidence base and discussion of the ECA.
Although limited to 7 cases, to the best of our knowledge, this
was the ﬁrst qualitative assessment to compare regulatory and HTA
agencies’ evaluations of ECAs generated from RWD for oncology
therapies. With increased interest in RWE to supplement RCT data
and ECAs to provide contextual information to single-arm studies, it
is important for researchers to understand how ECAs have historically been evaluated. With the absence of regulatory and HTA
agency guidance on design and use of ECAs, researchers must focus
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on recent examples to help guide impactful evidence generation.
Although agencies did not consistently agree on the quality and
impact of the ECA, 2 main critiques emerged: selection bias and
confounding. These issues can be mitigated through appropriate
data selection and study design. Future research should focus on the
applicability of oncology RWD for ECA use cases (eg, the presence
key study design elements like ECOG status) and expand the evaluation of ECAs outside of oncology.

Supplemental Materials
Supplementary data associated with this article can be found in the
online version at https://doi.org/10.1016/j.jval.2022.05.016.
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