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Although randomized control trials allow for a comparison of treatment arms with minimal concern for confounding by
known and unknown factors, a randomized study is not feasible in certain disease settings. When a randomized design
is not possible, incorporating external control data into the study design can be an effective way to expand the
interpretability of the results of an experimental arm by introducing the ability to carry out a formal or an informal
comparative analysis. This paper provides an introduction to the concepts of external controls in oncology trials,
followed by a review of relevant and current research on this topic. The paper also focuses on general
considerations for designing a trial that may incorporate external control data, followed by case studies of the
marketing applications submitted to the Food and Drug Administration that included external control data.
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INTRODUCTION

The control arm of a randomized clinical trial plays a
fundamental role in estimating the efficacy and safety of an
investigational therapy. Concurrently randomized control
arms allow for an understanding of the temporally relevant
factors associated with the natural history of the disease,
particularly with respect to current standards of clinical
care. This contemporaneous control permits an estimation
of treatment effect that is attributable to the experimental
arm of interest, and randomization minimizes concern for
bias by removing systematic imbalances between arms in
measured and unmeasured prognostic factors. When a
concurrently randomized arm is not feasible in an oncology
trial due to practical or ethical concerns, single-arm trials
may be appropriate. In single-arm trials, tumor response
rates are an appropriate endpoint to assess treatment ef-
fect, as an individual patient’s own baseline tumor mea-
surement serves as an internal control with the assumption
that most tumor types will not shrink without intervention
or treatment. However, if tumor response cannot be
reasonably measured due to disease characteristics (such as
in certain neuro-oncologic tumors) or there is interest in
estimating a comparative treatment effect within the
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population of interest, approaches have been explored to
supplement single-arm data with data external to the clin-
ical trial, also referred to as an external control arm.

External control arm data may be derived from prior
clinical trial data (individual or pooled), or observational,
real-world data (RWD), such as from registries, electronic
health records (EHRs), and medical or pharmacy claims (see
Figure 1). An external control arm data source should be
temporally and clinically relevant to the investigational arm
to minimize bias, and necessitates sufficient individual
patient-level data to ensure a well-powered comparison.1-3

Differing practical and statistical implications arise when
analyzing each of these sources of data, as well as when
incorporating patient-level data versus benchmark outcome
rates as an external comparison. The advantages of using
prior clinical trial data may include a well-defined popula-
tion, with protocol-measured patient characteristics and
endpoints. The same data may have disadvantages, how-
ever, such as being temporally irrelevant with respect to
patient selection, prognostic biomarkers, or evolving stan-
dards of care or have variability with respect to measure-
ment of tumor-based endpoints. Although RWD may offer
a breadth of available data, its application in externally
controlled trials may be problematic; a fit-for-purpose
assessment is necessary as data source quality and granu-
larity varies. In particular, tumor measurements by radio-
logical scans may not be available or conducted with the
same frequency or using the same assessment criteria
as the clinical trial arm, resulting in comparison of
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• Not appropriate for direct comparison as external control to establish 
   safety or effectiveness
• May provide a reasonable understanding of natural history, provide 
   clinical context, or establish a benchmark for comparison for single arm 
   experimental trial data

LITERATURE OR SUMMARY LEVEL DATA

PATIENT LEVEL RWD

• Sources may include electronic health records, administrative claims 
   data, patient generated data, or patient data generated from other 
   sources
• May be able to select contemporaneous cohort from a relatively large 
   pool of patients
• Availability and ascertainment of key data elements dependent on 
   type of RWD
• Reliability and relevance should be evaluated. Misspecification, 
   misclassification, and other data-related bias are major concerns

PROSPECTIVE COHORT OR REGISTRY DATA

• Data in these sources are generally collected with scientific research 
   intent, which improves likelihood of higher quality and completeness of 
   data collection
• Data definitions may differ from clinical trial data, increasing the chances 
   of misspecification and differences in comparability

CLINICAL TRIAL DATA

• Clearly defined population per eligibility criteria
• Exposure(s), prognostic factor(s), and endpoint(s) generally well defined 
   and captured
• Data may not be contemporaneous to experimental trial data

Figure 1. Considerations for selection of an external control data source.
EHR, electronic health record; RWD, real-world data.
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incompatible endpoints. Additional discussion on the choice
of external control data is available in the literature4,5 as
well as general clinical trial guidance.1,6

While the use of external control data to support the
regulatory review of an experimental therapy is of interest
to the Food and Drug Administration (FDA), best practices
for study design and statistical analysis plans are not yet
defined and challenges exist. Despite these challenges,
marketing applications in oncology have included trial de-
signs with external control comparator arm(s). The ade-
quacy of the external control data has been variable based
on the quality and it being fit for purpose in a comparative
analysis. In the following sections, we outline relevant and
recent research on external controls and considerations for
when an external control arm may be appropriate for a
study design; we also provide selected regulatory case
studies of use.
CURRENT STATUS OF EXTERNAL CONTROL RESEARCH

Various contexts for the use of external control data for
clinical trials in oncology have been discussed.4,7-12 Some
Volume 33 - Issue 4 - 2022
articles focus on general considerations for studies that
include external control data focusing on the key questions
and criteria that aim to ensure the quality of an external
control data source and the adequacy of an analytical plan.4

Others provide an analysis of the use of external control
data, with a comprehensive description of potential appli-
cations of externally controlled trial design, accompanied by
the considerations for mitigating bias by proper study
design elements and analysis providing comparisons of the
advantages and disadvantages with respect to selection of
external control data such as temporality of the data (his-
torical versus concurrent) and intention of data analysis
(benchmark rates versus formal comparative analyses).7

In addition, several whitepapers from research collabo-
rative groups provided recommendations regarding the
design of oncology clinical trials that incorporate external
control data. In a 2019 whitepaper,8 a Friends of Cancer
Research working group provided extensive descriptions of
key design and analysis elements of trials that incorporate
external control data, common limitations and pitfalls
arising for unmitigated biases, as well as a case study that
exchanged the concurrently randomized control arm for
matched external control data from previously conducted
clinical trials in a clinical trial of multiple myeloma patients.
Utilizing propensity score matching, the working group was
able to produce similar results using the matched external
control data to those observed in the original randomized
control arm.13

Other recent research works focusing on external con-
trols in oncology have described design and analytic
methods for incorporation of these data in a clinical trial.
The corresponding papers include original research to
demonstrate the utility of external control data, as well as
details of the operating characteristics of the statistical
methods. For example, Amiri-Kordestani et al.9 describe the
use of data from five previously conducted clinical trials as
an informal comparative cohort for a single-arm study of
de-escalated therapy in human epidermal growth factor
receptor 2-positive early breast cancer. The external control
cohort was matched to the experimental arm of adjuvant
paclitaxel and trastuzumab using propensity score meth-
odology. After matching, consistent efficacy outcomes
across treatment cohorts suggested that the de-escalated
therapy could be clinically similar to treatment regimens
with additional components.

Similarly, and to determine whether de-escalation or
interruption of adjuvant endocrine therapy is associated
with treatment outcomes, Sun et al.10 used data from two
prior studiesdthe Suppression of Ovarian Function Trial
(SOFT) and the Tamoxifen and Exemestane Trial (TEXT)din
an informal comparison to the Pregnancy Outcome and
Safety of Interrupting Therapy for women with endocrine
responsIVE breast cancer (POSITIVE) study. A repeated
sampling approach was applied to balance the cohorts of
patients in the POSITIVE study and those from the SOFT and
TEXT study with respect to baseline characteristics. The re-
sults included estimated 3-year breast cancer-free interval
rates in a population with an expected natural history
https://doi.org/10.1016/j.annonc.2021.12.015 377
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similar to those studied in the prior studies. The authors
indicate that their approach could provide context with
respect to design and analysis for a study population of
interest, if trying to establish expected clinical outcome
under standard of care.

Ventz et al.11 considered the use of both data from
previously conducted clinical trials as well as RWD for an
externally controlled trial to understand treatment effect on
overall survival (OS) in glioblastoma multiforme. The au-
thors advocate for the use of several sources of external
data to assess and potentially reduce potential bias, provide
complete time-to-event data, and retain sufficient power
when compared to traditional randomized control trial
designs.

Some considerations specific to external controls that
originate from RWD sources are provided by Carrigan
et al.,12 in a case study of several non-small-cell lung cancer
studies in which EHR data are used to replace the concur-
rent control arms. For each trial, the original clinical trial
eligibility criteria were applied to an EHR database to select
potential external control arm patients, and then inverse
probability of treatment weights were applied to the anal-
ysis comparing OS between the original trial experimental
arm and the external control cohort. The results suggested
that in certain diseases with measurable disease status,
outcomes, and confounders that can be adequately
captured in RWD, external data may provide a supple-
mentary control information for a prospective experimental
arm. This analysis was not without limitations, however,
including missing data with respect to outcome assessment,
potential unmeasured confounders, and concerns regarding
population representativeness between the different data
sources (clinical trial versus community care setting). As the
authors suggest, the use of external controls in early phase
trials may provide a better understanding of treatment ef-
fect than a single-arm trial to inform the assumptions for
later phase trials.
DESIGN CONSIDERATIONS FOR THE USE OF EXTERNAL
CONTROLS

The concept of using data collected externally to a clinical
trial as part of the collective evidence to support a treat-
ment effect is not novel. Data from previously conducted
clinical studies or observational sources are often used to
inform study assumptions, particularly in establishing nat-
ural history of disease or the expected standard-of-care
treatment effect. However, with increasing clinical studies
in specific disease subpopulation areas and availability of
vast amounts of EHR data, there is a renewed interest in
using data external to a clinical trial for comparative efficacy
and safety analyses. Additionally, the 21st Century Cures Act
has led the FDA to develop a framework for evaluating the
quality and relevance, also referred to as fit for purpose, of
real-world evidence, such that it may be incorporated into
regulatory decision making.14

Prior regulation, such as 21CFR 314.126, and guidances
such as ICH Harmonised Tripartite Guideline E10 titled
378 https://doi.org/10.1016/j.annonc.2021.12.015
‘Choice of Control Group and Related Issues in Clinical Tri-
als’1 have provided advice regarding the selection of a
control arm for estimation of treatment effect, including the
use of an external control arm design. In general, the use of
external controls to determine comparative treatment ef-
fect is not widely applicable or appropriate for most clinical
studies due to the potential for bias, such as confounding,
selection bias, temporal bias, or immortal time bias
amongst others. Potential applications may include a study
design for a clinical question where the natural history,
morbidity, or mortality of the disease is well characterized,
highly predictable, the expected effect size of the investi-
gational treatment is high, and the outcome precisely
measured.15 Even in a well-understood disease, however,
lack of appropriate measurement of exposure or outcome,
misaligned contemporality, or poor selection of an appro-
priate control can create an artificially significant demon-
strated treatment effect that is not related to therapeutic
intervention.

If the appropriateness and feasibility of the clinical study
question of interest is suitable for utilizing an external
control arm, careful attention should be paid to deter-
mining if the proposed data are fit for purpose, developing
a detailed study protocol, and the pre-specification of a
comprehensive statistical analysis plan. Figure 2 depicts
some of the key elements that can be considered when
determining whether a proposed external control data
source is fit for purpose. Precisely defining the patient
population, through eligibility criteria that can be applied to
both the investigational arm of interest as well as the
external control arm, can reduce subjectivity of the
comparison.

Availability of important demographic and prognostic
characteristics, as well as measurement of exposure data for
treatments of interest (investigational, control, supportive,
or concomitant) and endpoints of interest, is of paramount
concern for a comparative analysis. In particular, it must be
well established that the definition and ascertainment of
these data elements are identical to ensure feasibility of a
comparative analysis that is not riddled with concerns of
bias due to measurement error or misclassification.16

Further, the strength of evidence provided by the external
control data is directly related to the quality and compre-
hensiveness of the data. A determination of quality may
depend on the category of data (e.g. RWD versus prior trial)
as well as the completeness and validation of individual
data elements. Moreover, it is important that selection of
data eligible for an external control arm is transparent and
traceable with an audit trail available for FDA inspection.

Careful planning in the design phase before study initia-
tion along with the implementation of a detailed protocol
can ensure comparability of patient populations and data,
such that the planned statistical analyses that adjust for
residual biases can be reasonably relied on for better esti-
mation of treatment effect in isolation.

A pre-specified statistical analysis plan for any study that
incorporates external control data increases the integrity
of the data analysis and results. The analysis plan should
Volume 33 - Issue 4 - 2022
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TYPE OF DATA SOURCE PATIENT POPULATION

APPROPRIATE COMPARATOR AVAILABLE DATA

?

MEASUREMENT DEFINITION OF ENDPOINTS

Figure 2. Key factors for determining if data are fit for purpose.
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include statistical methods to account for various types
of potential bias, including major threats from lack of
randomization (e.g. selection bias) and confounding
amongst others. An assessment of the similarity of the
patient populations in each arm using pre-specified criteria
to measure balance,17,18 before and after any statistical
procedures or adjustments, could further minimize the
concern of bias. These comparisons of the populations of
interest before and after analytical adjustments to account
for bias and confounding are ideally conducted before the
analysis of any outcome data.

One study design that incorporates external control data
is an augmented or hybrid design, in which the concurrent
control arm of a randomized clinical trial is supplemented
by external data. For example, by increasing the randomi-
zation ratio to 2 : 1 or 3 : 1 and supplementing the
concurrently randomized control arm with an external data
source, a study design can achieve a 1 : 1 overall ratio for
the comparison of experimental therapy to combined con-
trol. This approach would both reduce the patient burden
for prospective enrollment, provide some concurrently
Volume 33 - Issue 4 - 2022
randomized control data and reduce the risk of relying
exclusively on external control data, and allow compara-
bility of the external control arm and prospective experi-
mental data by comparing patient characteristics or early
clinical outcomes between external and concurrently ran-
domized controls.19 Although there has been previous
discussion of statistical methods for borrowing data
from external sources for augmented control arms in
oncology,20,21 this topic is a specific area of interest in the
literature for pediatric clinical trials in various disease areas.
Hybrid or augmented clinical trial designs in oncology could
build on such established work in pediatric trials, which
provide some guidance for study design and analysis
plans.22,23

The required specifications of study design and analysis
plan will vary by intended purpose of external control data
and selected data source. As discussed earlier, external
control data have previously been used in oncology mar-
keting applications reviewed by the FDA to establish natural
history of disease, with or without an established standard
of care, provide descriptive information regarding the
treatment effects of individual components of a combina-
tion treatment effect, or to provide supportive analyses of
direct comparison to an experimental arm.24-30 To date, no
primary efficacy analysis of a study used to support
approval of a marketing application in oncology has
included a formal comparison to an external control arm. In
the following section, we describe recent use cases, sum-
marized in Table 1, including external control data in mar-
keting applications for oncology, organized by intended use
of the data.

CASE STUDIES

External controls to establish natural history of disease

Selumetinib for pediatric patients with neurofibromatosis
type 1 with inoperable plexiform neurofibromas. In April
2020, the FDA approved selumetinib for pediatric patients,
2 years of age and older, with neurofibromatosis type 1
(NF1) who have symptomatic, inoperable plexiform neuro-
fibromas (PNs). NF1 is a rare disease that occurs in w1 in
3000 births.24 PN is a benign tumor that occurs in 20%-50%
of patients with NF1 and can cause disfigurement, pain, and
motor and neurologic dysfunction.25,26 Approval of selu-
metinib was based on the SPRINT Phase II Stratum 1 study
(NCT01362803), a single-arm, multicenter trial (FDA 2020)
that demonstrated a durable overall response rate (ORR) as
per the Response Evaluation in Neurofibromatosis and
Schwannomatosis criteria and supported by observed clin-
ical improvements in PN-related symptoms and functional
impairments among 50 pediatric patients with inoperable
PN.27,28

Given the rarity of the disease and uncommon occur-
rence of spontaneous regression of NF1 PN, two previously
conducted trials were also submitted as supportive external
control data for the SPRINT Phase II Stratum 1 data. The first
study was a natural history study of NF1 in patients <35
years of age with a clinical diagnosis of NF1 or a confirmed
https://doi.org/10.1016/j.annonc.2021.12.015 379
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Table 1. Regulatory case studies

Drug Disease setting Source of external control data Regulatory use of external control
data

Selumetinib Neurofibromatosis type 1 with
inoperable plexiform neurofibromas
(pediatric)

Previously conducted clinical trials Establish natural history of disease

Erdafitinib Unresectable urothelial cancer
harboring select FGFR genetic
alterations

Patient-level EHR data from US
community-based cancer clinics

Establish natural history of disease

Pembrolizumab and lenvatinib Advanced endometrial carcinoma that
is not MSI-H or dMMR

Previously conducted clinical trials Isolation of treatment effect

Several immunooncology
combination therapies

Untreated, locally advanced or
metastatic renal cell carcinoma

Previously conducted clinical trials Isolation of treatment effect

Blinatumomab Precursor B-cell ALL in complete
remission with detectable MRD

Retrospective observational cohort
study

Comparative efficacy analysis

ALL, acute lymphoblastic leukemia; dMMR, mismatch repair deficient; EHR, electronic health record; FGFR, fibroblast growth factor receptor; MRD, minimal residual disease;
MSI-H, microsatellite instability-high.
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NF1 mutation (without a requirement to have PN-related
morbidity at enrollment).29 The second set of external
control data was a placebo arm of Study 01-C-0222, a
multicenter, double-blinded, randomized study comparing a
different investigational agent to placebo in children and
young adults (�3 and �25 years) with a clinical diagnosis of
NF1 and unresectable, progressive PN with the potential to
cause significant morbidity.30

The patient populations of these two external control
data sources were small and heterogeneous, with dissimi-
larities to each other as well as the experimental arm of
SPRINT Phase II Stratum 1.27,28 Both studies helped to
confirm that the occurrence of spontaneous regression was
uncommon, such that observed responses in SPRINT were
reasonably deemed the effect of treatment with selumeti-
nib. Additionally, though the outcome data of these studies
were provided, there was limited information regarding
patient demographic and clinical characteristics, and there
was no pre-specified protocol or statistical analysis plan.
Thus, no formal statistical comparisons could be made. The
external control data were considered supportive in un-
derstanding the natural history of NF1 with inoperable PN
as it provided important clinical context for the observed
response rate.27,28 The ORR of 66% (with 82% of responses
durable for �12 months), coupled with the associated ef-
fects on PN-related morbidities seen in SPRINT Phase II
Stratum 1, was of sufficient magnitude and durability to be
deemed direct evidence of clinical benefit.

Erdafitinib for patients with unresectable urothelial cancer
harboring select FGFR genetic alterations. In April 2019,
the FDA granted accelerated approval to erdafitinib for
patients with locally advanced or metastatic urothelial
carcinoma with susceptible fibroblast growth factor recep-
tor (FGFR) genetic alterations, specifically FGFR2 or FGFR3,
and have progression of disease during or following plat-
inum-containing chemotherapy based on trial BLC2001. This
trial was a single-arm, multicenter study in patients with
metastatic or surgically unresectable urothelial cancer
harboring select FGFR genetic alterations (NCT02365597).
The primary endpoint was ORR as per blinded independent
central review according to RECIST 1.1.31
380 https://doi.org/10.1016/j.annonc.2021.12.015
Among patients with relapsed or refractory urothelial
cancer, it is estimated that FGFR genetic alterations occur in
w20% of patients. Though the FGFR genetic alterations are
a molecularly defined subset of urothelial cancer, data
establishing the natural history of disease or tumor
response to other available therapy in this selected group of
patients are limited. To obtain accelerated approval, erda-
fitinib needed to demonstrate an improvement over avail-
able therapies and it was important to understand how
patients with FGFR-altered urothelial cancer responded to
other available treatments such as immunotherapy. An
RWD-based external control arm was included in the
application to establish that patients with FGFR-mutated
urothelial cancer do not have the expected tumor
response to immunotherapy (an available therapy with
survival benefit).31

The external control data source was real-world longitu-
dinal patient-level EHR data from US community-based
cancer clinics with linage to next-generation sequencing
results.31 The patient population included patients with
confirmed diagnosis of advanced bladder cancer with pri-
mary sites in the bladder, renal pelvis, ureter, or urethra.
The application included an analysis of association between
FGFR mutations or fusions and anti-programmed death-
ligand 1 (PD-L1)/programmed cell death protein 1 (PD-1)
therapy outcomes, as well as comparison of OS among
patients with FGFR genetic alterations who received erda-
fitinib in BLC2001 compared to those treated with available
treatment options in the real-world external control arm
using propensity score weighting using a model that
included observed key demographic and prognostic
characteristics.

There were several limitations to these analyses including
a small sample size of only 27 patients.31 In addition,
important prognostic factors, such as tumor stage, Eastern
Cooperative Oncology Group status, and PD-L1 expression
status, had substantial missing data. Also, the patients in
the BLC2001 study were subject to more stringent eligibility
criteria than the external control arm and thus were likely
to be healthier. This difference, along with geographic and
point-of-care differences, indicates that the patients from
the two cohorts are sampled from different underlying
Volume 33 - Issue 4 - 2022
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populations and may not be comparable. There were also
significant concerns regarding differential misclassification
of treatment assignment or incomplete capture of mortality
data.

Overall, due to these limitations, the FDA was unable to
make any definitive conclusion on the prognostic or pre-
dictive impact of FGFR alterations in advanced urothelial
cancer, or use this data to support a claim of comparative
treatment efficacy of erdafitinib as compared to treatment
with anti-PD-L1/PD-1 therapy.31 However, since responders
in BLC2001 included patients with tumors that had previ-
ously not responded to anti-PD-L1/PD-1 therapy and the
evidence supports treatment with erdafitinib regardless of
prior treatment with these immune therapies, the drug was
able to be approved.
External controls for isolation of treatment effect

Pembrolizumab and lenvatinib for patients with
endometrial cancer. In September 2019, the FDA granted
accelerated approval to pembrolizumab plus lenvatinib for
the treatment of patients with advanced endometrial
carcinoma that is not microsatellite instability-high (MSI-H)
or mismatch repair deficient (dMMR), and who have dis-
ease progression following prior systemic therapy but are
not candidates for curative surgery or radiation.32

The treatment effect of the combination of
pembrolizumab and lenvatinib was estimated in Study
E7080-A001-111/KEYNOTE-146, a single-arm, multicenter,
open-label, multicohort trial which included patients who
had previously treated endometrial carcinoma with tumors
that were not MSI-H or dMMR (NCT02501096). The major
efficacy outcome was ORR as per independent radiologic
review committee using RECIST 1.1. Although the response
rate and duration of response for the combination therapy
were considered clinically meaningful, without contempo-
raneous controls randomized to each single agent, the
contribution of each treatment component to the combi-
nation therapy was a key review issue.

Monotherapy data from three previously conducted
clinical trials (Study204 for lenvatinib monotherapy and
KEYNOTE-158 and KEYNOTE-028 for pembrolizumab mon-
otherapy) were considered external control data to support
contribution of treatment effect. Exploratory analyses
included unadjusted cross-trial comparisons, which indi-
cated a numerical improvement in ORR with the combina-
tion therapy as compared to each of the individual. The FDA
also conducted exploratory adjusted analyses using pro-
pensity score methods to control for potential differences in
baseline demographic and clinical characteristics across
trials.32 While the results of adjusted analyses were
consistent with those seen in an unadjusted comparison,
the analyses were limited by covariates that were measured
in all four studies, and therefore could be subject to residual
unmeasured confounding. Nonetheless, these results pro-
vided supportive evidence for the supplemental indication
approval of the combination therapy.
Volume 33 - Issue 4 - 2022
Combination therapies for patients with previously
untreated, locally advanced or metastatic renal cell
carcinoma. Between April 2018 and January 2021, the FDA
granted approval based on randomized controlled trials for
four combination drug regimens in the treatment of patients
with previously untreated, locally advanced or metastatic
renal cell carcinoma (RCC): nivolumab in combination with
ipilimumab (NCT02231749), pembrolizumab in combination
with axitinib (NCT02853331), avelumab in combination with
axitinib (NCT02684006), and nivolumab in combination with
cabozantinib (NCT03141177). The four trial designs were
similar with patients randomized to either the combination
regimens or sunitinib. Because a factorial design was not used
to isolate the effect of each agent in the combination, the FDA
relied on supportive data from external clinical trials demon-
strating the monotherapy activity of the drugs using objective
response rate comparisons. In all cases, the safety profiles
were well understood; the drugs had all been approved for
other indications, and most of them had been previously
approved for RCC. In some cases, post hoc propensity score
matching was carried out to compare the combination ther-
apies with the monotherapies in the matched patient pop-
ulations. Ultimately, the results of all combination studies
were strong with large magnitudes of benefit with respect to
progression-free survival or OS, thus permitting the use of
external controls to support the combination approvals.33
External controls for supportive comparative efficacy
analyses

Blinatumomab for patients with precursor B-cell acute
lymphoblastic leukemia in complete remission with
detectable minimal residual disease. Blinatumomab was
granted accelerated approval for the treatment of adults
and children with B-cell precursor (BCP) acute lympho-
blastic leukemia (ALL) in first or second complete remission
with minimal residual disease (MRD) �0.1%. Limited data
are available from randomized trials of treatment of pa-
tients with ALL and detectable MRD, and there are no
randomized studies of chemotherapy that assess the long-
term outcomes in adult or pediatric patients with BCP ALL
who were treated after consolidation for MRD.34

The primary study to establish the treatment effect of
blinatumomab was the BLAST Study (NCT01207388), a
single-arm, multicenter study that included adult patients
with BCP ALL in complete remission with MRD at a level of
�0.1%. The primary endpoint was undetectable MRD within
one cycle of treatment, also referred to as complete MRD
response, which is defined as the absence of detectable
MRD confirmed in an assay with a minimum sensitivity of
0.01%. As a supportive analysis, the data from the single-
arm trial were directly compared to an external control
arm that was derived from Study 2120148, a retrospective
cohort study of patients outside the United States with
Philadelphia chromosome-negative BCP ALL in hematologi-
cal complete remission with MRD. The initial selection of a
comparable population for the external control and
https://doi.org/10.1016/j.annonc.2021.12.015 381
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Figure 3. A general approach to incorporating external control data.
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experimental arms included matching certain baseline pa-
tient clinical characteristics across studies, resulting in
reduction of sample size in both patient cohorts. To ensure
comparative populations, the two populations were
matched by time from MRD measurement to start of
therapy or relapse, which reduced the eligible population
for a comparative analysis in the experimental arm by
approximately one-third.34

After using stabilized inverse probability of treatment
weights and adjustment for hematopoietic stem cell trans-
plantation (HSCT), the two patient cohorts were compared
for recurrence-free survival (RFS) and OS. These results
were discussed at the March 2018 Oncologic Drugs Advisory
Committee.35 Though the results of the RFS analyses indi-
cate a numerical advantage for blinatumomab, there were
several limitations to the interpretation of the data ana-
lyses, including different rates of HSCT and subsequent
treatment, resulting in residual confounding. Additionally,
there were temporal differences in the data for the exper-
imental and control arms, along with differential follow-up
by arm. These results were considered exploratory and
were considered supportive of the approval in this disease
setting.
DISCUSSION AND FUTURE DIRECTIONS

The use of external control arms in oncology is an evolving
area of methodological advancement and regulatory inter-
est. Thus far, external control data have been limited to
establishing natural history or providing supportive data
analyses affording clinical context for an observed treat-
ment effect. These data have not provided pivotal support
as substantial evidence of treatment effectiveness in
oncology, and therefore have not yet been included in the
prescription drug labeling. In the future, it is possible that
formal analyses for comparative treatment effect between
an investigational therapy and an external control arm
would provide the primary evidence of efficacy to support a
regulatory approval in oncology, particularly for a disease
type with a highly predictable natural history and the pre-
cisely measurable treatment effect.

As described in previous sections, the approach to
incorporating external control data is a multistep process
(see Figure 3), where the first efforts must be to define
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study purpose and determining whether an external control
data source is fit for purpose. This process would include
considerations of data quality, data comprehensiveness and
completeness, and comparability to a potential experi-
mental arm with respect to characteristics such as (but not
limited to) underlying patient population, temporality, and
key data ascertainment. Major barriers to establishing an
appropriate external control data source that is fit
for purpose in oncology often include challenges with
non-comparable endpoints, differences in selection by or
availability of information regarding biomarkers, and poor
capture of information that may be generally prognostic
such as standard of care or supportive treatment. Impor-
tantly, the granularity of the data with respect to mea-
surement or categorization of important variables is not
trivial, and must be similar between experimental arm and
external control data to ensure comparative analyses.

Furthermore, the choice of external control comparator
must be rigorously supported by the pre-specification of a
detailed protocol and robust statistical analysis plan,
including a comprehensive plan to address sources of bias.
Bias, including confounding, selection bias, and survivor or
lead-time bias, cannot be totally eliminated in any
non-randomized comparison. However, as previously
mentioned, study design elements can help to minimize
bias, and statistical methods may address the influence of
bias on the estimation of treatment effect. However, if
there are major issues with the validity or accuracy of the
data, such as inability to establish audit trails or concerns of
measurement error and misclassification, or substantial
concerns of bias, statistical methods cannot salvage the
comparison. Development of additional methods and bias
quantification are needed to appropriately characterize use
of external control arm as substantial evidence in regulatory
applications.
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