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ABSTRACT

◥

Real-world evidence (RWE) has garnered great interest to support registration of new therapies and label expansions by the
United States Food and Drug Administration (FDA). Currently,
practical insights on the design and analysis of regulatory-grade
RWE are lacking. This study aimed to analyze attributes of realworld studies in FDA’s decision-making and characteristics of full
versus accelerated approvals through a systematic review of oncology product approvals. Oncology approvals from 2015 to 2020 were
reviewed from FDA.gov. Applications were screened for inclusion
of RWE, and variables related to regulatory designations of the
application, pivotal clinical trial, and real-world studies were
extracted. FDA feedback was reviewed to identify takeaways and
best practices for adequate RWE. Among 133 original and 573
supplemental approvals for oncology, 11 and 2, respectively, includ-

Introduction
Regulatory real-world evidence (RWE) has garnered great interest
since the passing of the 21st Century Cures Act in 2016, which aimed to
accelerate medical product development by supporting approval of
new indications for current therapies or satisfying post-approval
requirements (1–3). RWE is especially important for new therapies
that target rare, serious illnesses with high unmet needs, such as orphan
drugs where single-arm trials are often conducted due to lack of
standard of care. Additionally, RWE can play a role in contextualizing
or serving as external controls for comparison with an investigational
therapy to support accelerated approval, as conﬁrmatory trials for
regular approval, or to support a new indication. Using historical
control data to support clinical trials is of interest in oncology research,
especially given the possibility of decreasing time to approval and
increasing availability of therapies.

1

Pﬁzer, Inc, Collegeville, Pennsylvania. 2Analysis Group, Inc., Boston, Massachusetts.
UCLA Fielding School of Public Health, Los Angeles, California. 4Pﬁzer, Inc, New
York City, New York. 5Dana-Farber Cancer Institute and Ludwig Center at Harvard;
Harvard Medical School, Boston, Massachusetts.
3

Note: Supplementary data for this article are available at Clinical Cancer
Research Online (http://clincancerres.aacrjournals.org/).
Corresponding Author: Bhakti Arondekar, Pﬁzer, Inc, 500 Arcola Road, Collegeville,
PA 19426. Phone: 215-584-5909; E-mail: Bhakti.Arondekar@pﬁzer.com
Clin Cancer Res 2021;XX:XX–XX
doi: 10.1158/1078-0432.CCR-21-2639
This open access article is distributed under Creative Commons AttributionNonCommercial-NoDerivatives License 4.0 International (CC BY-NC-ND).
2021 The Authors; Published by the American Association for Cancer Research

ed RWE; none predated 2017. All real-world studies were retrospective in nature; the most common data source was chart review,
and the most common primary endpoint was overall response rate,
as in the pivotal trial. The FDA critiqued the lack of the following: a
prespeciﬁed study protocol, inclusion/exclusion criteria matching
to the trial, comparability of endpoint deﬁnitions, methods to
minimize confounding and address unmeasured confounding, and
plans to handle missing data. All full (versus accelerated) approvals
shared the following characteristics: high magnitude of efﬁcacy in
the pivotal trial; designations of orphan disease, breakthrough
therapy, and priority review; and no advisory committee meeting
held. This study found that ﬁndings from external control realworld studies complemented efﬁcacy data from single-arm trials in
successful oncology product approvals.
Pharmaceutical companies have been working with the FDA to use
RWE to support new drug applications (NDAs) and biologics license
applications (BLAs). Guidance documents are available that may
provide insight into RWE studies (2, 4–8). Speciﬁcally, FDA’s framework for their RWE program deﬁnes RWE as clinical evidence about
the usage and potential beneﬁts or risks of a medical product derived
from analysis of real-world data (RWD). RWD is then deﬁned as data
relating to patient health status and/or the delivery of healthcare
routinely collected from sources such as electronic health records,
claims and billing data, product and disease registries, patientgenerated data, and data gathered from other sources, such as mobile
devices (5). However, there lacks a central document regarding best
practices and key elements that must be considered for effective RWE
in FDA submissions. This study sought to understand the role of RWE
in FDA’s oncology therapy decision-making. In this study, we systematically reviewed and identiﬁed key components of RWE that
supported the efﬁcacy of oncology therapies in new and supplemental
applications, summarized FDA feedback, and synthesized information
to suggest best practices for regulatory applications with RWE.

Materials and Methods
NDA and BLA approvals from 2015 to 2020 were systematically
reviewed to identify oncology products from FDA.gov sources:
Center for Drug Evaluation and Research (CDER) Calendar Year
Approvals (9), CDER Drug Approvals by Month (10), and Center for
Biologics Evaluation and Research (CBER) Biological Approvals by
Year (11). The corresponding FDA review documents (as of January
15, 2021) were screened for RWE. Texts were extracted into a
consolidated database using automated text extraction, and searched
for RWE keywords (e.g., “retrospective,” “observational,” “real world,”
“chart review,” “claims,” “electronic medical record,” “natural
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Translational Relevance
Since the passing of the 21st Century Cures Act in 2016, there
has been great interest in understanding the role of real-world
evidence (RWE) from the perspective of the United States Food and
Drug Administration (FDA). RWE can play a key role in contextualizing ﬁndings from single-arm clinical trials for therapies that
target rare but serious illnesses, such as in oncology, where it may
not be feasible or ethical to conduct placebo-controlled trials.
While existing guidance documents provide the theoretical framework for conducting RWE studies, practical insights on the design
and analysis of regulatory-grade real-world studies are lacking. In
this Perspective, we systematically evaluated FDA reviews and
commentary of product approvals in oncology from 2015 to
2020 to understand key characteristics of successful use cases of
RWE. We ﬁnd that with careful considerations, RWE can provide
meaningful support for oncology drug approval.

history”). Supplemental (sNDA and sBLA) approvals were similarly identiﬁed, with additional sources: CDER Efﬁcacy Supplement Approvals (12) and Hematology/Oncology Approvals and
Safety Notiﬁcations (13).
Once drug approvals including RWE were identiﬁed, the following were extracted from the FDA review documents: pivotal trialrelated information (study design, sample size, primary endpoint,
and results), application-related information [indication, mechanism of action, investigational new drug (IND) submission date,
approval date, time between IND and approval, designation and
review types, and whether an advisory committee was held], and
RWE-related information [data source, study design, sample size,
correspondence to pivotal trial eligibility criteria, primary endpoint
and results, statistical analysis, use of RWE for statistical comparison or contextualization (descriptive/qualitative review) of the
pivotal trial results, use of RWE in the approval, date of ﬁrst RWE
discussion with the FDA, and corresponding FDA comments].

Results
In total, 133 approvals for oncology NDAs and BLAs were identiﬁed
(Fig. 1). Among these, 11 (8.3%) included RWE in support of efﬁcacy
with an average time from IND submission to approval of 5.7 years
(Table 1). Median time from submission to approval was 5.5 years,
with a range of 2.8 to 8.4 years. In total, 573 oncology sNDAs and
sBLAs were identiﬁed, and among these were 249 for new oncology
indications, 2 (0.8%) of which included RWE in support of efﬁcacy

(Fig. 2). The 11 NDAs/BLAs that included RWE were for avelumab,
axicabtagene ciloleucel, entrectinib, erdaﬁtinib, polatuzumab vedotinpiiq, selinexor, avapritinib, capmatinib, tafasitamab, and tazemetostat
(NDAs 211723 and 213400), and the 2 sNDAs/sBLAs were for
blinatumomab and palbociclib.
All 13 products with supporting RWE for efﬁcacy received
approvals by the FDA after the 21st Century Cures Act was enacted.
In total, 11 applications received orphan drug designation, 12 received
priority review, 9 were designated as breakthrough therapies, 6
received fast track designation, and 3 received all four mentioned
designations. Nine received accelerated approval, whereas 4 received
full (or regular) approvals. All original full approvals shared the
following combinatory characteristics: designation of orphan disease,
breakthrough therapy, and priority review; no advisory committee
meeting held (i.e., no uncertainty in efﬁcacy or safety for the FDA to
call for an advisory committee meeting); and high level of primary
efﬁcacy in the pivotal trial [we observed all overall response rate (ORR)
>70%]. Note that 3 of the 4 full approvals were not designated
under fast track (Table 2; Supplementary Tables S1 and S2). Eight
applications used RWE for contextualization, three for statistical
comparison with clinical trial results, and two used RWE for both.
For nonsupplemental applications, the pivotal trials for 10 therapies
were single-drug, single-arm clinical trials with one single-drug, two
dosing arm clinical trial.
Key variables for RWE efﬁcacy approvals reviewed in this study
are summarized in Table 2. Indications were commonly rare diseases with high unmet need (i.e., no available therapies or currently
ineffective treatments). The most common RWD source was chart
review from clinical sites. ORR was the most common primary
endpoint across real-world studies, matching with the primary
efﬁcacy endpoint in the pivotal trial. RWE generated for only three
therapies (avelumab, blinatumomab, and tafasitamab) used a realworld population with matched eligibility criteria to the trial. Sample
sizes for the RWE studies ranged from 14 to 908. For the 11 new
approvals (not supplemental), sample sizes for the RWE studies were
substantially larger than the pivotal trial’s [>50% in four (36%),
about the same in three (27%), and substantially smaller (<50%) in
four (36%) cases]. All RWE studies were retrospective.
FDA’s comments pertained to sources of bias inherent in the use of
historical controls and RWD, such as selection bias and residual or
unobserved confounding (especially missing data on key covariates),
different outcome assessment methods and frequency of measures as
compared with trials, lack of comparability between external controls
and trial populations, misclassiﬁcation of outcomes, and insufﬁcient
statistical methods for adjustment of differences between comparator
groups. Additional details for each approval are available in Supplementary Tables S1 and S2.

Step 1: Oncology NDAs and BLAs from 2015 to 2020
N = 133 (100.0%)

Figure 1.
Flowchart of oncology new therapy approvals with RWE.

Step 2: NDAs and BLAs that included RWE for efficacy
N = 11 (8.3%)
[avelumab, axicabtagene ciloleucel, entrectinib, erdafitinib, polatuzumab vedotinpiiq, selinexor, avapritinib, capmatinib, tafasitamab, tazemetostat (NDA 211723),
tazemetostat (NDA 213400)]
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Table 1. Summary of new oncology therapy approvals with RWE
for efﬁcacy from 2015 to 2020a.
Oncology drugs
approved from 2015
to 2020
(N ¼ 11)
NDA or BLA, N (%)
NDA
BLA
Time between IND submission and approval
(years), mean [median] (min, max)
Year of approvalb, N (%)
2015–2016
2017
2018
2019
2020
New molecular entity, N (%)
Yes
No
Orphan drug, N (%)
Yes
No
Fast track, N (%)
Yes
No
Breakthrough therapy, N (%)
Yes
No
Priority review, N (%)
Yes
No
Accelerated approval, N (%)
Yes
NA (full approval)

7
(63.6)
4 (36.4)
5.7 [5.5]

0
2
0
4
5

(0.0)
(18.2)
(0.0)
(36.4)
(45.5)

10
1

(90.0)
(9.1)

10
1

(90.0)
(9.1)

6
5

(54.5)
(45.5)

8
3

(72.7)
(27.3)

11
0

(100.0)
(0.0)

8
3

(72.7)
(27.3)

Step 2: Supplements for new oncology indications
N = 249 (43.5%)
(2.8, 8.4)

Abbreviation: NA: Not Applicable.
a
Findings are based on publicly available information posted on the FDA website
as of January 15, 2021.
b
There were no approvals involving RWE for efﬁcacy in 2015–2016.

Discussion
The FDA commonly focused on several areas of RWE in their
reviews. The FDA noted that early engagement is crucial to conﬁrm
appropriate RWD sources and whether the RWE study should be
designed as a natural history study for contextualization or as a
historical/external control study for comparison. The FDA recommended a prespeciﬁed study protocol for transparency. The FDA
emphasized the selection of a RWE population to be comparable to
the pivotal trial population, by matching on trial inclusion and
exclusion criteria to the extent possible and adjusting for the remaining
imbalance in baseline characteristics with propensity score weighting
methodology, such as inverse probability treatment weighting
(IPTW). Regarding ORR, FDA had major critiques on real-world
tumor assessment versus Response Evaluation Criteria in Solid
Tumors (RECIST) criteria with respect to the difference in frequency
of scans and the “baseline” scan used to deﬁne response. Concordance
analysis between real-world tumor response and trial response is
encouraged. Lastly, methods to minimize confounding, including
appropriate index date and reduction in missing values, need to be
described. The impact of unmeasured confounding should be evaluated through quantitative bias analysis. Despite these concerns, RWE
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Step 1: All oncology NDA and BLA supplements from
2015 to 2020
N = 573 (100.0%)

Step 3: NDA and BLA supplements that included RWE for
efficacy
N = 2 (0.8%)
(blinatumomab and palbociclib)
Figure 2.
Flowchart of oncology supplemental therapy approvals with RWE.

may be used in successful approvals and even speed timelines. We
found that median time from IND submission to approval of applications with RWE was 5.5 years, in contrast to 6.8 years for drugs in any
expedited program (priority review, accelerated approval, fast track, or
breakthrough therapy designation) and 8.3 years for drugs not in any
expedited program based on a review of new cancer drugs approved
from 2012 to 2017 (14). This suggests that inclusion of RWE may help
play a role in accelerating the drug development process, speciﬁcally
highlighting the unmet need.
The extent of FDA’s critiques on RWE studies appears to be inversely
correlated with the level of the primary efﬁcacy achieved in the pivotal
trial in our observation. For pivotal trials with a high ORR, often coupled
with long duration of response (DOR) and low ORR in the RWE, we
observed fewer critiques from the FDA on the quality of the RWE.
Unsurprisingly, the magnitude of primary efﬁcacy observed in the
pivotal trial is also associated with being granted full (regular) approval
rather than a contingency (accelerated) approval for NDAs. For example, high ORR and long DOR are typically seen in the full approvals;
these had ORR >70% and median DOR was at least nine months.
However, long DOR alone is not sufﬁcient for full approval. In fact, we
observed that low ORR and long DOR reﬂect a proﬁle for accelerated
approvals. For accelerated approvals, there was a mix: ORR ranged from
13% to <70%, and median DOR ranged from 4 months to not reached.
The high efﬁcacy as observed by an ORR >70% based on the limited
number of full approvals in this review should not be interpreted as the
determinant of a full approval. For example, whether the mechanism of
the investigational drug acts on a driver mutation for a particular cancer
versus on a passenger mutation could play a role in the interpretation of
the efﬁcacy and safety results. Other factors observed with full approvals
include having all designations of orphan disease, breakthrough therapy,
and priority review (but not necessarily fast track designation), and no
need for the FDA to call for an advisory committee meeting.
The FDA emphasized that care must be exercised in selecting
appropriate RWD, while ensuring adequate sample size and developing thoughtful study designs. Although chart review was the most
common source for RWE, the FDA also commented that data from
chart review studies could be limited and subject to selection bias and
confounding [avelumab, blinatumomab, tazemetostat (NDA 211723),
and tazemetostat (NDA 213400)]. Additionally, although the FDA
acknowledged the quality of Flatiron data in the palbociclib review, it
also noted criticisms on lack of generalizability to a wider population
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RWE source

RWE purpose

Breakthrough Therapy
Adult patients with locally
Priority Review
advanced or metastatic
Accelerated Approval
urothelial carcinoma that has
susceptible FGFR3 or
FGFR2 genetic alterations,
and progressed during or
following at least one line of
prior platinum-containing
chemotherapy, including
12 months of neoadjuvant or
adjuvant platinumcontaining chemotherapy

Erdaﬁtinib
(2019)

Orphan Drug Breakthrough
Therapy Priority Review
Full approval

Adult patients with metastatic
NSCLC whose tumors are
ROS1-positive

CLINICAL CANCER RESEARCH

Downloaded from clincancerres.aacrjournals.org on January 20, 2022. © 2021 American Association for
Cancer Research.
(Continued on the following page)

Flatiron-FMI clinicContextualization
genomic database
and comparison

Flatiron Health
Comparison
Analytic Database

iKnowMed EHRs and Contextualization
Orphan Drug Fast Track
Adults and pediatric patients
chart review
Breakthrough Therapy
12 years and older with
Priority Review
metastatic Merkel cell
Accelerated Approval
carcinoma
Adult patients with relapsed or Orphan Drug Breakthrough Pooled patient data Contextualization
Therapy Priority Review
from two
refractory large B-cell
randomized phase
Full Approval
lymphoma of the following
III trials and two
types after two or more lines
observational
of systemic therapy: DLBCL
cohort studies
not otherwise speciﬁed,
primary mediastinal large Bcell lymphoma, high-grade Bcell lymphoma with MYC and
BCL2 and/or BCL6
rearrangement, and DLBCL
arising from follicular
lymphoma
Contextualization
BCP ALL in ﬁrst or second
Orphan Drug Priority Review Chart review of
and comparison
complete remission with MRD
Accelerated Approval
patients from ALL
greater than or equal to 0.1%
study groups in
Europe

FDA-recommended indication FDA designations

Entrectinib
(2019)

Blinatumomab
(2018)

Axicabtagene
ciloleucel
(2017)

Avelumab
(2017)

Therapy (year
of approval)

Table 2. All oncology therapy approvals that included RWE on efﬁcacy in submission package.

No

OS, rwTR,
rwDCR

TTD

No

No

Yes

RWE part 1: Hematologic
no RWE
RFS
part 2: Yes

No

Yes

ORR, CR, OS

No

Yes

RWE
used in
decision

RECIST 1.1
ORR

Primary
endpoint

Yes

Study
population
matched
to trial

Results are confounded by the
inclusion of patients with
marrow remission but
incomplete hematologic
recovery, lack of comparability
between groups in duration of
follow-up
Data using Flatiron patients are
unlikely to be generalizable to
the entire population due to the
low rate of ROS1 testing in
clinical practice and resultant
sensitivity and the high
proportion of communitytreated patients
Data were incomplete and key
confounding factors were
missing. Design issues included
inconsistent exclusion criteria,
differential selection of
comparison groups, treatment
misclassiﬁcation, and
incomplete capture of death

Data are limited, subject to
selection bias and other
problems inherent in the use of
an external historical control
NA

FDA comment
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No

Literature review

No

Chart review of
patients

(Continued on the following page)

Contextualization

No

Flatiron Health
Comparison
Analytic Database

Contextualization

No

Flatiron Health
Contextualization
Analytic Database

Adult patients with HR-positive, Breakthrough Therapy Full
Approval
HER2-negative advanced or
metastatic breast cancer in
combination with an
aromatase inhibitor as initial
endocrine-based therapy in
postmenopausal women or in
men; or fulvestrant in patients
with disease progression
following endocrine therapy
Orphan Drug Breakthrough
In combination with
Therapy Priority Review
bendamustine and a
Accelerated Approval
rituximab product for the
treatment of adult patients
with relapsed or refractory
DLBCL, not otherwise
speciﬁed, after at least two
prior therapies

RWE purpose

RWE source

Study
population
matched
to trial

FDA-recommended indication FDA designations

Orphan Drug Fast Track
Selinexor (2019) In combination with
Priority Review
dexamethasone, for the
Accelerated Approval
treatment of patients with
relapsed refractory multiple
myeloma who have received
at least four prior therapies
and whose disease is
refractory to at least two
proteasome inhibitors, at
least two immunomodulatory
agents, and an anti-CD38
monoclonal antibody
Orphan Drug Fast Track
Avapritinib
Adults with unresectable or
Breakthrough Therapy
(2020)
metastatic GIST harboring a
Priority Review Full
PDGFRa exon 18 mutation,
approval
including PDGFRa D842V
mutations

Polatuzumab
vedotin-piiq
(2019)

Palbociclib
(2019)

Therapy (year
of approval)

Table 2. All oncology therapy approvals that included RWE on efﬁcacy in submission package. (Cont'd )

ORR, DOR,
PFS

OS

ORR, CR

rwORR

Primary
endpoint

Yes

No

No

Yes

RWE
used in
decision

Patient data were collected over a
relevant time period; data were
collected only at centers where
high-quality mutational analysis
was done routinely to minimize
the potential for confounding

The literature places the results of
the pivotal trial in context. In the
control arm of the randomized
phase II study, the ORR is
approximately half that
described in the literature for
the same treatment. The
outcomes in the pivotal trial
raise the question of
underperformance of the
control arm
There were database selection
criteria issues, index date issues
leading to immortal time bias,
and comparability issues

Given the study design,
comparisons are limited and
difﬁcult to interpret. Sample
size was limited and no
adjustments such as matching
or propensity scores were used
to support comparisons across
the two cohorts

FDA comment
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In combination with
lenalidomide for the
treatment of adult patients
with relapsed or refractory
DLBCL not otherwise
speciﬁed, including DLBCL
arising from low-grade
lymphoma, and who are not
eligible for ASCT

Orphan Drug Fast Track
Adults and pediatric patients
Priority Review
ages 16 years and older with
Accelerated Approval
metastatic or locally
advanced epithelioid
sarcoma not eligible for
complete resection

Tazemetostat
(NDA 211723)
(2020)

Contextualization

RWE purpose

(Continued on the following page)

Chart review of
Contextualization
patients from ﬁve
centers in the USA

Health records from Comparison
patients in the USA
and Europe

Chart review

Orphan Drug Breakthrough
Treatment of adult patients
Therapy Priority Review
with metastatic NSCLC
Accelerated Approval
whose tumors have a
mutation that leads to MET
exon 14 skipping as detected
by an FDA-approved test

Orphan Drug Fast Track
Breakthrough Therapy
Priority Review
Accelerated Approval

RWE source

FDA-recommended indication FDA designations

Tafasitamab
(2020)

Capmatinib
(2020)

Therapy (year
of approval)

Table 2. All oncology therapy approvals that included RWE on efﬁcacy in submission package. (Cont'd )

No

Yes

No

Study
population
matched
to trial

rwORR

ORR, CR

ORR

Primary
endpoint

No

Yes

Yes

RWE
used in
decision

The FDA cannot independently
verify results based on the
incomplete data submitted.
FDA agreed that the RWE study
provided an estimate of disease
natural history. RWE ﬁndings
are clinically signiﬁcant and ﬁll
an unmet medical need in the
context of the limited treatment
options available for this
difﬁcult-to-treat population
The FDA “generally agrees” with
the real-world study design but
notes that choice of covariates
to include in the matching may
not be fully sufﬁcient and
covariates in the matched
cohorts are not well-balanced.
The FDA did not consider
endpoints that were different
between the clinical trial setting
and clinical practice on they
were measured. The FDA also
claims that the potential for
outcome misclassiﬁcation exists
due to lack of IRC-assessed
response
The protocol does not provide
adequate detail on quality of
data, validity of endpoint
assessments, and design
choices. The study population
did not match the trial on factors
including inclusion criteria. The
FDA did not consider rwORR to
be comparable with ORR as
assessed in a clinical trial

FDA comment
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Abbreviations: ASCT, autologous stem cell therapy; BCP ALL, B-cell precursor acute lymphoblastic leukemia; CR, complete response/remission; DLBCL, diffuse large B-cell lymphoma; DOR, duration of response; EHR,
electronic health record; FDA, Food and Drug Administration; FGFR, ﬁbroblast growth factor receptor; FL, follicular lymphoma; FMI, Foundation Medicine; Inc.; GIST, gastrointestinal stromal tumor; HER2, human epidermal
growth factor receptor 2; HR, hormone receptor; IRC, independent review committee; MET, mesenchymal–epithelial transition; MRD, minimal residual disease; NA, not applicable; NSCLC, non–small cell lung cancer; OS,
overall survival; PDGFRa, platelet-derived growth factor receptor alpha; PFS, progression-free survival; RFS, relapse-free survival; rwDCR, real-world disease control rate; rwORR, real-world overall response rate; rwTR,
real-world tumor response; TTD, time to discontinuation; USA, United States.

Key design elements and variables
were missing from the report,
which raised concerns about
generalizability,
misclassiﬁcation, potential
selection bias, and confounding
bias. All the outcome
evaluations were conducted as
crude analyses without
adjustment for confounding
factors or potential effect
modiﬁers
ORR, PFS, OS No
No
Contextualization
Patients’ medical
records and
institute database
from four major
cancer centers in
the USA and
Europe
Tazemetostat
(NDA
213400)

Adult patients with relapsed or Orphan Drug Fast Track
Priority Review
refractory FL whose tumors
Accelerated Approval
are positive for an EZH2
mutation as detected by an
FDA-approved test and who
have received at least two
prior systemic therapies;
adult patients with relapsed
or refractory FL who have no
satisfactory alternative
treatment options

RWE purpose
RWE source
Therapy (year
of approval)

FDA-recommended indication FDA designations

Study
population
matched
to trial

Table 2. All oncology therapy approvals that included RWE on efﬁcacy in submission package. (Cont'd )

Primary
endpoint

RWE
used in
decision

FDA comment

RWE in Oncology NDAs and BLAs

and incompleteness in other applications (erdaﬁtinib and entrectinib).
For instance, Flatiron data used for an RWE study to support entrectinib were unlikely to be generalizable due to the low rate of ROS1
testing in clinical practice and the high proportion of communitytreated patients in this database. In the erdaﬁtinib review, RWD were
often incomplete, and missing data or lack of information on
important prognostic factors would not allow for the evaluation of
comparability between RWE and trial populations. FDA guidance on
the use of electronic health records recommends developing a plan to
handle missing data, although such successful plans have not been
identiﬁed in these examples (4).
Importantly, RWE may be able to demonstrate unmet therapeutic
needs that the investigational therapy can address. RWE results from
erdaﬁtinib, blinatumomab, capmatinib, and avapritinib applications
demonstrated the burden of disease and poor prognosis with realworld standard of care in their respective populations. Avapritinib’s
application in particular demonstrated the importance of unmet need
in the disease area coupled with infeasibility of establishing valid
comparative clinical evidence through randomized controlled trials.
The poor prognosis of this population shown through RWD (ORR of
0%–5%) contextualized with the ORR of 84% from the phase I trial
helped demonstrate the clinical beneﬁt of avapritinib. Strong trial
evidence and indisputable demonstration of unmet need, even when
considering RWD limitations, established a clear need for effective
therapy that avapritinib could fulﬁll. This contributed to the granting
of full (not accelerated) approval of avapritinib. Ultimately, the
strength of trial data appears to be a key determinant of the extent
to which RWE is needed and considered for FDA regulatory decisionmaking. Similarly, axicabtagene ciloleucel, and capmatinib single-arm
trials demonstrated such beneﬁt in a population with unmet therapeutic need as contextualized with RWE and received full approval.
The FDA has issued guidance highlighting many limitations of
RWE regarding study design and analysis; however, some of these
issues might have been corrected before submission if applicants had
communicated with the FDA earlier and produced a priori protocols
for FDA review. The FDA emphasized that “transparency about study
design and analysis before execution is critical for ensuring conﬁdence
in the results” and encourages applicants to register observational
studies on ClinicalTrials.gov (5). For example, the FDA criticized the
entrectinib, selinexor, and both tazemetostat (NDAs 211723 and
213400) applications because a protocol for the RWD analysis was
not submitted prior to the conduct of the study. Additionally, four
reviews indicated that there was no discussion between the applicant
and FDA regarding inclusion of RWE in the application package prior
to submission of results. The FDA appeared most receptive to early
notice as seen in the avapritinib application, whereby the natural
history study was discussed fewer than two years after the IND
submission at a Type B End-of-Phase 1 meeting.
There were several common weaknesses in RWE study design. Most
cases did not apply the same trial inclusion/exclusion criteria to the
RWE study, and the FDA critiqued this for entrectinib, erdaﬁtinib,
selinexor, tazemetostat (NDA 211723), and blinatumomab. Study
design issues with regard to follow-up periods and index dates were
noted, including less regular follow-up assessments for palbociclib,
lack of comparability in terms of duration of follow-up for blinatumomab, lack of comparability on outcome measures for tafasitamab
and tazemetostat (NDA 211723), and index date deﬁnition leading to
immortal time bias for selinexor. Endpoints with deﬁnitions inconsistent with the pivotal trial were noted, especially with regard to tumor
response, because RECIST criteria cannot be applied in real-world
settings as they are in trials. Although some of these issues are a
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function of differences between clinical trial assessments and assessments done in a real-world setting, a priori alignment with the FDA on
how these can be addressed within the conduct of the RWE studies
would have helped strengthen ﬁndings.
In cases when RWE was directly compared with the pivotal trial, key
concerns regarding statistical analyses were identiﬁed. Residual confounding, despite IPTW, was a key issue that the FDA noted, in
addition to other assumptions regarding propensity score–weighted
analysis, for the examples of entrectinib, erdaﬁtinib, selinexor, tafasitamab, and blinatumomab. In the tafasitamab review, the FDA noted
that the choice of covariates to include in the matching may not be
fully sufﬁcient, and the distribution of the observable covariates in the
matched cohorts was not well balanced, even commenting upon
the joint and marginal distributions. In some cases, the FDA agreed
with the methods used to address limitations inherent to the
data, such as the delayed entry model used in the erdaﬁtinib submission to address left censoring. In order to address the FDA’s concerns
regarding statistical comparisons, especially residual or unobserved
confounding due to incomplete RWD either from unobserved variables or missing values for observed variables, methods to evaluate the
impact of these biases should be incorporated. This type of analysis can
be approached and addressed in a number of ways through careful
incorporation of statistical methods (15). For example, for unmeasured confounding, this may include array approach analysis and
quantitative bias analysis. For missing values, this may include multiple imputation and tipping point analyses.
Although the FDA did have criticisms on the adequacy of the RWE
that was generated in the drug registration submissions in this review,
it does appear that FDA wants to see RWE included in the application.
Additionally, the FDA has acknowledged that observational studies of
external comparators can provide important information and may
provide supportive information for NDA/BLA submissions and has
encouraged pharmaceutical manufacturers to explore sources of RWD
and their utility in drug development programs. Therefore, despite the
criticisms and limitations from the FDA review, inclusion of RWE
appears to be encouraged although with appropriate study design
planning and discussion.
This study is limited to publicly available information on oncology
applications approved by the FDA. Data on applications that were
submitted and not approved could not be reviewed as they are not
publicly available. Given that the 21st Century Cures Act went into
effect recently, a limited number of examples are available from which
to identify learnings; this study attempted to understand the information that is currently available and disseminate this knowledge for
future RWE planning considerations. Lastly, further characterization

of accelerated approvals, for example, based on evaluation of intermediate versus clinical endpoints, was beyond the scope of this article,
as this would have implications on both clinical trial and RWE designs.

Conclusions
This study found that real-world studies used as external controls
complemented efﬁcacy data from single-arm trials in successful
oncology product approvals. Key attributes identiﬁed include early
engagement, a priori protocol development, and robust research
design. High efﬁcacy of the investigational agent in the pivotal trial,
coupled with low efﬁcacy of standard of care in RWE, and regulatory
characteristics of the application may play a role in full approvals.
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