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abstract

PURPOSE External control (EC) arms derived from electronic health records (EHRs) can provide appropriate
comparison groups when randomized control arms are not feasible, but have not been explored for metastatic
colorectal cancer (mCRC) trials. We constructed EC arms from two patient-level EHR-derived databases and
evaluated them against the control arm from a phase III, randomized controlled mCRC trial.

METHODS IMblaze370 evaluated atezolizumab with or without cobimetinib versus regorafenib in patients with
mCRC. EC arms were constructed from the Flatiron Health (FH) EHR-derived de-identified database and the
combined FH/Foundation Medicine Clinico-Genomic Database (CGDB). IMblaze370 eligibility criteria were
applied to the EC cohorts. Propensity scores and standardized mortality ratio weighting were used to balance
baseline characteristics between the IMblaze370 and EC arms; balance was assessed using standardized mean
differences. Kaplan-Meier method estimated median overall survival (OS). Cox proportional hazards models
estimated hazard ratios with bootstrapped 95% CIs to compare differences in OS between study arms.

RESULTS The FH EC included 184 patients; the CGDB EC included 108 patients. Most characteristics were well-
balanced (standardized mean difference, 0.1) between each EC arm and the IMblaze370 population. Median
OSwas similar between the IMblaze370 control arm (8.5months [95%CI, 6.41 to 10.71]) and both EC arms: FH
(8.5 months [6.93 to 9.92]) and CGDB (8.8 months [7.85 to 9.92]). OS comparisons between the IMblaze370
experimental arm and the FH EC (hazard ratio, 0.85 [0.64 to 1.14]) and CGDB EC (0.86 [0.65 to 1.18]) yielded
similar results as the comparison with the IMblaze370 control arm (1.01 [0.75 to 1.37]).

CONCLUSION EC arms constructed from the FH database and the CGDB closely replicated the control arm from
IMblaze370. EHR-derived EC arms can provide meaningful comparators in mCRC trials when recruiting a
randomized control arm is not feasible.
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INTRODUCTION

Clinical trials for cancer treatments face special
challenges related to the ethics and feasibility of in-
cluding control arms, particularly for trials with highly
restrictive eligibility criteria, when an active comparator
is nonexistent or considered an inadequate treatment
option, and for trials in rare cancers.1,2 Although
randomized controlled trials remain the gold standard
for clinical research, single-arm trials may be ac-
ceptable for regulatory consideration when, for ex-
ample, an unprecedented treatment effect is observed
for a patient population with a high unmet medical
need. However, controlled confirmatory trials may also
be needed.3-6 When evaluating a therapeutic land-
scape, it can be difficult or impossible to contextualize
data from single-arm studies because of differences in
the study designs, participants, and treatment com-
parators used over time.2 However, the urgency of

cancer care often necessitates interpreting single-arm
study findings in the context of available therapeutic
options before the results of a confirmatory trial be-
come available.

External control (EC) arms can provide useful infor-
mation in the absence of randomized control arms and
when the scientific literature trails behind emerging
research. EC arms using detailed patient information
from real-world data (RWD) sources, such as elec-
tronic health records (EHRs), can be used to construct
statistically and clinically appropriate comparison co-
horts for patients receiving active interventions in
single-arm trials.7-9 Data from patient registries and
control groups from completed trials have been used
as EC arms to support accelerated approvals, such as
of blinatumomab for acute lymphoblastic leukemia
and avelumab for Merkel cell carcinoma.10-12 How-
ever, analytic challenges have been raised to these
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approaches related to the relevance of treatment com-
parators and other period effects.13

The sophistication of RWD sources and statistical methods
has made individual patient-level data derived from EHRs a
viable option for EC arms in cancer research.14,15 EC arms
built from the Flatiron Health (FH) de-identified EHR-derived
database were recently shown to approximate the results of
several randomized trials in non–small-cell lung cancer,
serving as a proof-of-concept for future work.16 We aimed to
extend this work to metastatic colorectal cancer (mCRC)
research using patient-level data from the FH database and
the combined FH/Foundation Medicine (FMI) Clinico-
Genomic Database (CGDB). The CGDB data set includes
EHR information and genomic data, which can be particu-
larly relevant in mCRC for clinical development programs
targeting biomarker-specific patients. We analyzed the
comparability of results from the RWD EC arms with the
randomized comparator arm (regorafenib) of the IMblaze370
trial of atezolizumab with or without cobimetinib as a third- or
later-line (3L+) therapy in patients with mCRC.17

METHODS

Trial Data Source

We used patient-level data from the IMblaze370 clinical trial
(ClinicalTrials.gov identifier: NCT02788279) whose methods
and primary findings have been previously reported.17

IMblaze370 was a phase III, open-label, randomized trial in-
vestigating atezolizumab with or without cobimetinib versus
regorafenib as 3L+ therapy for adults with unresectable locally
advanced or metastatic CRC. Patients were randomly assigned
(2:1:1) to atezolizumab plus cobimetinib, atezolizumab mono-
therapy, or regorafenib. The primary end point was overall
survival (OS). The IMblaze370 study protocol was approved by
the institutional review boards or independent ethics committees
of each study site, andall patients gavewritten informedconsent.

External Data Sources

Two EC arms were constructed from RWD sources, one
from the FH EHR-derived de-identified database (Flatiron

Health, New York, NY)18 and the other from the combined
FH/FMI CGDB (Foundation Medicine, Cambridge, MA).19

The nationwide FH database is a longitudinal database,
including patient-level information from structured data
(eg, laboratory values and prescribed treatments) and
unstructured data (eg, biomarker reports) collected via
technology-enabled chart abstraction from physicians’
notes and other documents. During the study period, the
de-identified data originated from approximately 280
cancer clinics (approximately 800 sites of care, primarily
community-based cancer centers), representing . 2.4
million patients with cancer in the United States. The data
were de-identified with provisions in place to prevent re-
identification. We used data collected between January
2013 and June 2019.

The CGDB includes patients from the FH database who
underwent comprehensive genomic profiling by FMI. In
addition to the information in the FH database, the CGDB
provides de-identified patient-level genomic data, including
specimen features (eg, tumor mutation burden and
pathologic purity), alteration-level details (eg, genomic
position, reference, and alternate alleles), and targeted
therapeutic options reported to the clinician at the time of
testing. We used CGDB data collected between January
2011 and December 2019.

Both databases comprise patients from the same un-
derlying population. However, each database is subject
to different selection criteria, and the FH database also
applies a sampling fraction. Therefore, these are sepa-
rate but overlapping populations. The overlap varies with
each update of the databases. Approximately 10%-15%
of the patients with mCRC in the FH database are present
in the CGDB, and 55%-65% of patients with mCRC in the
CGDB are present in the FH database. Both databases
consist of retrospective observational de-identified anony-
mized patient-level data; as such, this study was exempt
from informed consent and institutional review board
requirements.

CONTEXT

Key Objective
How can real-world data be used to generate external control (EC) arms for colorectal cancer clinical trials? We constructed EC

arms from real-world databases in the first application of this method to metastatic colorectal cancer (mCRC) trials.
Knowledge Generated
This proof-of-concept study showed that EC arms generated from the Flatiron Health database and the Flatiron Health/

Foundation Medicine Clinico-Genomic Database successfully replicated the randomized control arm of the IMblaze370
trial. To our knowledge, this is the first study to demonstrate the feasibility of using EC arms built from electronic health
record–derived databases in clinical trials in patients with mCRC receiving third-line or later treatment.

Relevance
Our methodological approach may be replicated or adapted to other real-world data sources to generate EC arms for other

trials in mCRC.
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Construction of the EC Arms

An EC arm was built from each database to mimic the
randomized control arm of IMblaze370. Initially,
IMblaze370 eligibility criteria were applied (in addition to a
requirement of receiving 3L+ regorafenib) to create a cohort
of RWD patients comparable to the trial patients (Table 1).
Details on the IMblaze370 eligibility criteria have been
described elsewhere.17 In some instances, applying the
IMblaze370 eligibility criteria to the RWD patients required
adaptation because of differences in the nature of as-
sessments between these research settings. Time windows
(around the 3L+ regorafenib treatment initiation) for
assessing Eastern Cooperative Oncology Group (ECOG)
performance status (−60 to +7 days) and laboratory values
(−30 to +7 days) were defined. Patients with abnormal
laboratory measurements or an ECOG status ≥ 2 within
these timeframes were excluded. Patients in the EC arms
also had to have started their first-line therapy between
14 days before and 90 days after their mCRC diagnosis, to
exclude patients who possibly received treatment outside
the FH network and may have had incomplete treatment
information. Similarly, patients with activity gaps in their
data of more than 90 days between diagnosis and
3L+ regorafenib treatment initiation were excluded.

Propensity Scoring

Once the trial-like RWD patients were determined, pro-
pensity scores (PSs) were calculated for each patient using
multivariate logistic regression. These reflect each patient’s
probability of being assigned to the trial interventional arm
or EC arm given a set of relevant baseline covariates (those
predictive of OS). An example of pseudocode is provided
elsewhere.20 PSs were used to assess imbalances in terms

of these covariates between the IMblaze370 experimental
arm and EC arms. Covariates included age (at initiation of
3L+ regorafenib treatment), sex, race, ECOG performance
status, time from diagnosis to 3L+ regorafenib treatment
initiation, and number of prior lines of therapy. Standard-
ized mortality ratio weighting (SMRW) was then applied to
achieve balance in these covariates between the
IMblaze370 experimental arm (atezolizumab with cobi-
metinib) and the EC arms.21 That is, a weight of PS/(1 − PS)
was applied to each EC patient, whereas the patients in the
trial experimental arm were fixed to a weight of 1. The
SMRW method was chosen to reflect that in a prospective
single-arm trial, the aim would likely be to leave the trial arm
unadjusted and to use the EC arm weighting to address
balance issues. Weighting both arms would estimate the
average treatment effect for the overall population and not
for the population in the experimental arm.

After weighting, standardized mean differences (SMDs)
were calculated and used to quantify balance between
the arms, with an SMD ≤ 0.1 for each covariate indicating
that adequate balance was achieved.22 This weighted
pseudopopulation was then used for the primary
analysis.

Statistical Analyses

OSwas the outcome of interest, defined as time from random
assignment (trial patients) or initiation of 3L+ regorafenib
treatment (EC patients) to death from any cause. Trial pa-
tients had to initiate treatment within 3 days of random
assignment. EC patients were censored at the earlier of either
their last contact date (date of last activity recorded in the
database) or the maximum follow-up time of the trial ex-
perimental arm. OS estimates were determined using the

TABLE 1. Cohort Attrition for the FH and CGDB EC Arms

Eligibility Criterion
FH Patients,
No. (%)

CGDB Patients,
No. (%)

Patients with mCRC in the FH database (September 2019 data cut) who were present in the two
previous monthly data cuts

21,826 (100)

Patients with mCRC in the CGDB (Q1 2020 data cut) 6,039 (100)

Age ≥ 18 years at mCRC diagnosis 21,824 (100) 5,453 (90.3)

Record of any systemic treatment for mCRC 17,304 (79.3) 4,699 (77.8)

Regorafenib treatment in 3L+ 993 (4.5) 533 (8.8)

No activity gaps . 90 days before 3L+ regorafenib treatment start 782 (3.6) 359 (5.9)

≥ 2 lines of chemotherapy before 3L+ regorafenib treatment start 768 (3.5) 350 (5.8)

Received fluoropyrimidine, irinotecan, and oxaliplatin before 3L+ regorafenib treatment start 599 (2.7) 277 (4.6)

No prior treatment with regorafenib, an MEK inhibitor, immunotherapy, or a clinical study drug 569 (2.6) 249 (4.1)

Adequate hematologic and end-organ function 401 (1.8) 176 (2.9)

No disqualifying conditions based on the IMblaze370 protocol 388 (1.8) 170 (2.8)

ECOG PS 0 or 1 203 (0.9) 121 (2.0)

Initiation of first-line therapy between 14 days before and 90 days after mCRC diagnosis 184 (0.8) 108 (1.8)

Abbreviations: 3L+, third line or later; CGDB, Clinico-Genomic Database; EC, external control; ECOG PS, Eastern Cooperative Oncology Group performance
status; FH, Flatiron Health; mCRC, metastatic colorectal cancer; MEK, mitogen-activated protein kinase; Q1, quarter 1.
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Kaplan-Meier method, and differences between arms were
assessed using the log-rank test. Median OS and corre-
sponding 95%CIs were summarized for each arm along with
Kaplan-Meier curves. Cox proportional hazards models es-
timated hazard ratios (HRs) for OS, with 95% CIs calculated
using bootstrapping. The bootstrap method was used be-
cause weighting induces within-subject correlations in the
pseudopopulation, and the lack of independence between
subjects can cause a naı̈ve model–based variance estimator
to be biased. The bootstrap method has been shown to be
one of the most unbiased methods for variance estimation.23

HRs were assessed for the following comparisons:

1. EC arm (regorafenib) versus IMblaze370 control arm
(regorafenib)

2. IMblaze370 experimental arm (atezolizumab-cobimetinib)
versus EC arm (regorafenib)

3. IMblaze370 experimental arm (atezolizumab-cobimetinib)
versus IMblaze370 control arm (regorafenib)

Sensitivity Analyses

The following sensitivity analyses were conducted to ex-
amine how different methodological approaches to building
the EC arms and analyzing the data affected the results. A
sensitivity analysis was performed using trimming in ad-
dition to weighting, to remove EC patients with PS outside of
the PS distribution of the trial population. Another sensitivity
analysis used stabilized inverse probability of treatment
weighting instead of SMRW, where all patients were

assigned a weight equal to the inverse of the probability of
receiving the treatment they actually received.21 This
analysis was performed both with and without trimming of
trial and EC patients from nonoverlapping PS regions. A
third sensitivity analysis was performed with a doubly robust
estimator using a weighted Cox regression adjusted for the
same baseline covariates included in the PS model and
additional selected variables not included in the primary
analysis because of high proportions of missingness in one
or both external data sources.24 These variables were
disease stage at initial diagnosis, RAS mutational status,
and location of the primary tumor (side of the colon).

All analyses were conducted using R Studio version 1.3.0
and R version 4.0.0.

RESULTS

A total of 184 patients from the FH database and 108 from
the CGDB met the eligibility criteria and were included in
the EC arms (Table 1). After applying SMRW, the baseline
covariates were well-balanced between the FH EC arm and
the IMblaze370 population (Table 2, Fig 1A). With the
exception of ECOG performance status, the baseline
covariates were also well-balanced between the IMblaze370
study arms and the CGDB EC arm (Table 2, Fig 1B).

OS was similar between the FH EC arm (median,
8.48 months [95% CI, 6.93 to 9.92]) and the IMblaze370
control arm (median: 8.51 months [6.41 to 10.71]), with an
almost perfect congruence up to 10 months of follow-up

TABLE 2. Patient Characteristics in the IMblaze370 Study Arms and the FH and CGDB EC Arms After SMRW

Characteristic

IMblaze370 EC Arms

Experimental Arm (Atezolizumab-
Cobimetinib) (n = 183)

Control Arm
(Regorafenib) (n = 90)

FH (Regorafenib)
(n = 173.8)a

CGDB (Regorafenib)
(n = 179.4)a

Age, median (IQR), years 58.0 (51.0-67.0) 58.0 (51.5-65.5) 58.6 (52.5-64.6) 61.4 (52.4-65.1)

Sex, male 107 (59) 51 (57) 102.1 (59) 104 (58)

Race

White 152 (83) 71 (79) 141.6 (82) 146.2 (82)

Non-White 27 (15) 12 (13) 27.9 (16) 28.2 (16)

Unknown 4 (2) 7 (8) 4.3 (3) 5.0 (3)

ECOG PS

0 88 (48) 45 (50) 75.3 (43) 70.6 (39)

1 95 (52) 45 (50) 98.5 (57) 108.8 (61)

Time from mCRC diagnosis to
3L+ regorafenib treatment initiation,
months

, 18 56 (31) 27 (30) 57.0 (33) 61.1 (34)

≥ 18 127 (69) 63 (70) 116.8 (67) 118.3 (66)

No. prior treatment lines, median (IQR) 3 (2-4) 2 (2-3) 3 (2-3) 2 (2-3)

NOTE. Data are No. (%) unless otherwise noted.
Abbreviations: 3L+, third-line or later; CGDB, Clinico-Genomic Database; EC, external control; ECOGPS, Eastern Cooperative Oncology Group performance

status; FH, Flatiron Health; IQR, interquartile range; mCRC, metastatic colorectal cancer; SMRW, standardized mortality ratio weighting.
aThe patient numbers in the EC arms are not integers because SMRW was applied.
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(Fig 2A, Table 3). OS was also similar between the EC arm
built from the CGDB (median, 8.77 months [95% CI, 7.85
to 9.92]) and the IMblaze370 control arm (median,
8.51 months [6.41 to 10.71]; Fig 2B, Table 3). Regarding
the HRs for OS (adjusted for age, time from metastatic
diagnosis to 3L+ regorafenib treatment start, sex, race,
number of previous lines of therapy, and ECOG status), and

as previously reported,17 there was no statistically signifi-
cant difference in OS between the atezolizumab plus
cobimetinib experimental arm and the regorafenib control
arm. Comparison of the IMblaze370 experimental arm with
the EC arms built either from the FH database or from the
CGDB led to consistent HRs, and CIs as were observed in
the IMblaze370 regorafenib arm (Table 3).

Method
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FIG 1. Covariate balance assessment between the IMblaze370 experimental arm and the EC arms using SMDs. (A) FH EC arm. (B) CGDB EC arm. CGDB,
Clinico-Genomic Database; diag, diagnosis; EC, external control; ECOG PS, Eastern Cooperative Oncology Group performance status; FH, Flatiron Health;
met, metastatic; SMD, standardized mean difference.
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FIG 2. OS in the EC arm and the IMblaze370 arms. (A) EC arm built from the FH database. (B) EC arm built from the CGDB. aPercentages for the EC arm refer
to the study population before SMRW was applied. Atezo, atezolizumab; CGDB, Clinico-Genomic Database; Cob, cobimetinib; EC, external control; FH,
Flatiron Health; OS, overall survival; SMRW, standardized mortality ratio weighting.
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All sensitivity analyses were consistent with the primary
findings. HRs for OS in both the FH and the CGDB EC arms
versus the IMblaze370 experimental arm yielded consis-
tently lower but similar estimates as the original IMblaze370
analysis (Figs 3A and 3B).

DISCUSSION

This study demonstrated the feasibility of constructing
EHR-derived EC arms to replicate a randomized control
arm from a clinical trial in patients with mCRC. Median OS
was almost identical between the EC arms and the control
arm from the IMblaze370 trial. HRs for OS comparing the
EC arms with the IMblaze370 experimental arm were con-
sistent with the original comparison between the randomized
IMblaze370 study arms and lead to the same conclusions.
Analyses from the FH and CGDBEC arms showed consistent
results, supported by robust sensitivity analyses.

This study extends the work of others who have used EC
arms derived from historical controls, patient registries, and
patient-level EHR-derived data.10-12 Carrigan recently used
the FH database to construct and compare EHR-derived
EC arms with standard-of-care treatment arms from several
immunotherapy and targeted treatment trials in patients
with advanced non–small-cell lung cancer.16 The EC arms
were similar to the trials’ active control arms with the
exception of one comparison for a small trial of a
mesenchymal-to-epithelial transition (MET) inhibitor in a
highly MET-positive patient population, but MET expression
assessments were not part of the EHR database.16,25 This
insight underscores the importance of available information
to appropriately match patients from clinical trials and EHR
databases on confounding or prognostic factors. For our
study, the information included in the FH database
appeared adequate to build EC arms from patients with

TABLE 3. HRs for Overall Survival
Study Arm Comparator Arm HRa 95% CI

FH control arm (regorafenib) (n = 173.8) IMblaze370 control arm (regorafenib) (n = 90) 1.18 0.84 to 1.68

CGDB control arm (regorafenib) (n = 179.4) IMblaze370 control arm (regorafenib) (n = 90) 1.17 0.81 to 1.74

IMblaze370 experimental arm (atezolizumab-cobimetinib) (n = 183) IMblaze370 control arm (regorafenib) (n = 90) 1.01 0.75 to 1.37

IMblaze370 experimental arm (atezolizumab-cobimetinib) (n = 183) FH control arm (regorafenib) (n = 173.8) 0.85 0.64 to 1.14

IMblaze370 experimental arm (atezolizumab-cobimetinib) (n = 183) CGDB control arm (regorafenib) (n = 179.4) 0.86 0.65 to 1.18

Abbreviations: 3L+, third line or later; CGDB, Clinico-Genomic Database; ECOG PS, Eastern Cooperative Oncology Group performance status; FH, Flatiron
Health; HR, hazard ratio.

aHRs were calculated controlling for age (at start of 3L+ regorafenib treatment), time frommetastatic diagnosis to 3L+ regorafenib treatment initiation, sex,
race, No. previous lines of therapy, and ECOG PS.
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FIG 3. HRs (with 95% CIs) for OS between the EC arms and the IMblaze370 experimental arm (primary and sensitivity analyses). (A) EC arm built
from the FH database. (B) EC arm built from the CGDB. CGDB, Clinico-Genomic Database; EC, external control; FH, Flatiron Health; HR, hazard
ratio; IPTW, inverse probability of treatment weighting; OS, overall survival; RCT, randomized clinical trial; SMRW, standardized mortality ratio
weighting.

External Control Arms for Metastatic Colorectal Cancer Trials

JCO Clinical Cancer Informatics 455



similar characteristics as those in IMblaze370. The ability to
examine these comparisons with substantial detail may
lend confidence to future work in this area where the
evaluation of EC arms can employ granular patient-level
data-driven assessments.

Our findings support the EHR-derived database approach
and should be interpreted in the context of certain strengths
and limitations. The generalizability of these findings to
other patient subgroups and therapeutic modalities, and to
other cancer types, remains uncertain and warrants further
analysis. The FH database and the CGDB were used for the
breadth and depth of EHR-derived information for patients
with mCRC. The additional information available in the
CGDB has the potential to integrate genomic biomarkers in
future studies in the field of personalized medicine (eg, in
tumor-agnostic and biomarker-specific indications), which
suggests a strong rationale for the use of the CGDB for the
design and evaluation of EC arms. An advantage of both
databases is their data recency, which makes it possible to
mitigate confounding period effects. The FH database also
captures mortality data with high accuracy, which is critical
when assessing OS.26 Since the adjusted HRs from the two
data sources were similar, the most important confounding
factors appeared to have been accounted for in our models.

Not all inclusion and exclusion criteria from IMblaze370
could be applied to the EHR-derived patients. In some
cases, the relevant information recorded in the trial was not
collected in the EHR. In other cases, such as with medical
history and comorbidities, because the EHR data were
specific to oncology care, additional information beyond
what was captured for oncology care might have been
unreliably ascertained, such as on acute or chronic con-
ditions. Although FH aims to increase data completeness
by abstracting unstructured information, such as from
physician notes, some details not related to oncology care
may still be missing since this is dependent on information
recorded by different physicians. The eligibility criteria
based on baseline assessments in IMblaze370, such as
ECOG performance status and laboratory values, have been
adapted to include a short window of time to account for
variability in assessment and recording practices inherent
in EHR data. Future EC studies should consider aligning the
time period when EC patients are selected with the trial
recruitment period. IMblaze370 patients were recruited
between July 2016 and January 2017. Because of the
limited number of eligible EC patients, we did not apply any
time restriction, using all available data from the databases.
This likely had a limited impact for mCRC as there were no
substantial changes to the standard of care during the
study period; however, this may be different in other
settings.

Sensitivity analyses used SMRW and inverse probability of
treatment weighting to balance covariates between the
IMblaze370 experimental arm and the EC arms. Both are
common weighting methods that aim to balance covariates
between two populations in a relevant manner.21 Individual
patient weights are adjusted to create a reweighted
pseudopopulation where the treatment assignment is in-
dependent of the observed covariates. These two weighting
methods are used to address different targets of inferences
(estimands), with the former estimating the average
treatment effect in the treated and the latter estimating the
average treatment effect in the whole population. In our
study, both methods led to similar findings. Important
considerations for interpreting HRs because of deviations
from proportional hazards from 10 months onward should
be noted (reflected in the differences between the EC and
IMblaze370 survival curves after approximately 10 months),
as this affects the trial results where hazards deviate from
proportionality around the same time.

Unlike arms in randomized controlled trials, EHR-derived
EC arms cannot control for unmeasured or unknown
confounders; they are restricted to known confounders that
are available in both the trial data and the EHR database.
EHRs also reflect real-world patterns of care and vary in
data quality and completeness. As with any EHR database
where data are collected for clinical care, misclassification
and incomplete or delayed data entry might have been
inherent in the used databases. FH data are obtained
primarily (. 80%) from participating community-based
cancer centers; consequently, selection bias may exist.
Broader applications of these findings should exercise
caution just as with clinical trials, which usually include
highly selected patient populations.

The FH database and the CGDB are drawn from the same
patient pool. However, because each database is subject to
different selection criteria and the FH database also applies
a sampling fraction, these were considered separate but
overlapping populations. Since our eligibility criteria were
unrelated to the selection criteria for the databases, we did
not expect the overlap between the cohorts to differ sig-
nificantly from the underlying patient population.

This proof-of-concept study showed that EC arms gener-
ated from EHR-derived databases successfully replicated
the randomized control arm of the IMblaze370 trial in
patients with mCRC. EC arms can serve as meaningful
comparators for clinical trials where recruiting a control arm
is not feasible. Future research in other patients with CRC
and treatment settings, and other tumor types, could help
strengthen trust in EC arms and provide further insights
relevant to study design and statistical methods.
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