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Abstract

There is growing interest in leveraging real-world data to complement knowledge gained
from randomized clinical trials and inform the design of prospective randomized studies in
oncology. The present study compared clinical outcomes in women with metastatic breast
cancer who received letrozole as first-line monotherapy in oncology practices across the
United States versus patients in the letrozole-alone cohort of the PALOMA-2 phase 3 trial.
The real-world cohort (N = 107) was derived from de-identified patient data from the Flatiron
Health electronic health record database. The clinical trial cohort (N = 222) comprised post-
menopausal women in the letrozole-alone arm of PALOMA-2. Patients in the real-world
cohort received letrozole monotherapy per labeling and clinical judgment; patients in
PALOMA-2 received letrozole 2.5 mg/d, continuous. Real-world survival and response
rates were based on evidence of disease burden curated from clinician notes, radiologic
reports, and pathology reports available in the electronic health record. Progression-free
survival and objective response rate in PALOMA-2 were based on Response Evaluation Cri-
teria in Solid Tumors v1.1. Concordance of survival and response rates were retrospectively
assessed using inverse probability of treatment weighting-adjusted Cox regression analysis.
Inverse probability of treatment weighting-adjusted Cox regression results showed similar
median progression-free survival in the real-world and PALOMA-2 cohorts (18.4 and 16.6
months, respectively): the hazard ratio using real-world data as reference was 1.04 (95%
Cl, 0.69-1.56). No significant difference was observed in response rates: 41.8% in the real-
world cohort vs 39.4% in the PALOMA-2 cohort (odds ratio using real-world data as refer-
ence: 0.91 [95% ClI, 0.57—1.44]). These findings indicate that data abstracted from elec-
tronic health records with proper quality controls can yield meaningful information on clinical
outcomes. These data increase confidence in the use of real-world assessments of progres-
sion and response as efficacy endpoints.

Trial registration NCT01740427; Funding: Pfizer.

PLOS ONE | https://doi.org/10.1371/journal.pone.0227256  April 21, 2020

1/16


http://orcid.org/0000-0002-9838-0544
https://clinicaltrials.gov/ct2/show/NCT01740427
https://doi.org/10.1371/journal.pone.0227256
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227256&domain=pdf&date_stamp=2020-04-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227256&domain=pdf&date_stamp=2020-04-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227256&domain=pdf&date_stamp=2020-04-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227256&domain=pdf&date_stamp=2020-04-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227256&domain=pdf&date_stamp=2020-04-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227256&domain=pdf&date_stamp=2020-04-21
https://doi.org/10.1371/journal.pone.0227256
https://doi.org/10.1371/journal.pone.0227256
http://creativecommons.org/licenses/by/4.0/
mailto:DataAccess@flatiron.com

PLOS ONE

Concordance of real-world versus conventional progression-free survival

order to safeguard sensitive patient information,
and to ensure proper deidentification and
compliance with applicable restrictions and
requirements under HIPAA.

Funding: These analyses and the studies included
in these analyses (NCT01740427) were sponsored
by Pfizer Inc. The real-world data used are derived
from the Flatiron Health Analytic electronic health
record database as reported in the manuscript and
were purchased by Pfizer from Flatiron Health Inc.,
an independent subsidiary of the Roche Group.
Editorial and medical writing support was provided
by Catherine Grillo, of Complete Healthcare
Communications, LLC (North Wales, PA), a CHC
Group company, and was funded by Pfizer. The
authors also wish to thank Amy P. Abernethy, MD,
PhD, for her work on developing this manuscript
while at Flatiron Health Inc.; Dr. Abernethy’s
participation in the development of this manuscript
occurred prior to her appointment as Principal
Deputy Commissioner of the U.S. Food and Drug
Administration. Cynthia Huang Bartlett is a former
employee of Pfizer Inc. Jack Mardekian, Matthew
James Cotter, Xin Huang and Zhe Zhang are
employed by Pfizer Inc. Pfizer Inc provided support
in the form of salaries for authors CHB, JM, MJC,
XH and ZZ, study design, data collection, and data
analysis. The interpretation of the data, the content
of the manuscript, and the decision to publish were
at the discretion of the authors. Christina M.
Parrinello and Ariel Bulua Bourla are employed by
Flatiron Health. Flatiron Health provided support in
the form of study design, data collection and
management, and salaries for authors CMP and
ABB, but did not have any additional role in the data
analysis, decision to publish, or preparation of the
manuscript.

Competing interests: | have read the journal’s
policy and wish to report the following conflicts:
Cynthia Huang Bartlett is a former employee of and
owns stock in Pfizer Inc. Jack Mardekian, Matthew
James Cotter, Xin Huang, and Zhe Zhang are
employees of and own stock in Pfizer Inc. Christina
M. Parrinello, and Ariel Bulua Bourla are employees
of Flatiron Health, Inc., which is an independent
subsidiary of the Roche Group, and which received
funding from Pfizer for the conduct of this study;
they also report equity ownership in Flatiron Health
Inc. All authors affirm that these competing
interests do not alter our adherence to PLOS ONE
policies on sharing data and materials.

Introduction

Real-world evidence is playing an increasingly important role in regulatory decision-making,
drug development, and clinical practice. [1-4] Because less than 5% of cancer patients partici-
pate in randomized clinical trials, [5] real-world evidence can provide valuable information on
disease course and treatment outcomes of patients receiving care in front-line routine clinical
settings, as well as insights on the generalizability of clinical trial findings to real-world patient
populations. [3, 4, 6]

Real-world evidence is generated from real-world data documented during the course of
routine clinical care. [2, 6-8] Real-world data can be derived from a range of sources, including
electronic health records (EHRs), patient/disease registries, mobile devices and applications,
genomic datasets, and medical/pharmacy claims databases. [2-4, 7, 8] Although these
resources contain a wealth of information, they are designed to support clinical care and prac-
tice management, not clinical research. [4] Unlike randomized clinical trials (RCTs), which
limit variability and ensure the quality of data collected through strict protocols and standard-
ized methods such as case report forms, real-world datasets are typically disorganized and
unstructured, requiring complex curation in order to be useful for research analyses. The qual-
ity and consistency of data in real-world sources, such as EHRs, can vary widely depending on
the data curation processes used as well as on clinician-, practice-, and patient-related factors.
These discrepancies can make it difficult to compare data collected in real-world settings with
those from controlled clinical trials. [2, 8]

The most common outcome variables in cancer research are overall survival and assess-
ments of tumor burden such as tumor response rate or progression free survival (PFES). [9, 10]
In traditional RCTs, clinical response or disease progression is determined based on quantita-
tive assessments of target lesions using a predefined scale (eg, Response Evaluation Criteria in
Solid Tumors [RECIST]), applied at predefined time points (eg, every 6 to 8 wk), using pre-
specified imaging modalities (eg, computed tomography [CT] or magnetic resonance imaging
[MRI]). [9] In clinical practice, assessments of tumor response and progression are based on
clinician interpretations of imaging reports and symptomatic criteria. [9] (Table 1).

To evaluate the relationship between real-world and clinical trial outcomes in oncology, it
is critical to assess the comparability of the data derived in each of these settings while mini-
mizing the effect of confounding due to differences in prognostically important variables. [11,
12] The primary objective of this study was to compare PFS and response rates generated
using real-world data reflecting routine clinical care with outcomes observed in a traditional
RCT. To achieve this goal, we analyzed data from a curated EHR-derived real-world dataset to
compare outcomes in a cohort of women with hormone-receptor positive (HR+), human epi-
dermal growth factor receptor 2-negative (HER2-) metastatic breast cancer (mBC) who
received first-line letrozole therapy in a real-world setting with those in the control arm of the
phase 3 PALOMA-2 trial. [13] An inverse probability of treatment weighting (IPTW)
approach was used to account for potential baseline differences in the real-world and
PALOMA-2 cohorts, which allowed retrospective evaluation of the comparability of the real-
world and traditional RECIST-based clinical trial endpoints in 2 similar cohorts. [14-16]

Design and methods
Study design and patients

The real-world cohort was drawn from de-identified patient data from the Flatiron Health
database, a longitudinal, demographically and geographically diverse database derived from
EHR data. [17] At the time of this study, the overall database encompassed more than 2000
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Table 1. Outcomes assessments and endpoints.

Real-World Cohort PALOMA-2 Cohort
Tumor assessment Per clinical practice Every 12 weeks
interval
Endpoints rwPFS® rwRR® PFS (RECIST v1.1)® ORR (RECIST
Vl.l)d
Data source(s) Clinician notes Radiology reports Pathology Imaging (CT and/or MRI) Bone scans
reports

CR, complete response; CT, computed tomography; MRI, magnetic resonance imaging; ORR, objective response
rate; PFS, progression-free survival; PR, partial response; RECIST, Response Evaluation Criteria in Solid Tumors;
rwCR = real-world complete response; rwPFS, real-world progression-free survival; rwPR = real-world partial
response; rwRR, real-world response rate.

*Time from start of first-line letrozole monotherapy to clinically confirmed disease progression or death.

"Time from randomization to radiologically confirmed disease progression (per RECIST) or death.

“Maximum therapeutic response of rwCR or rwPR per treating clinician.

dConfirmed CR or PR per RECIST.

https://doi.org/10.1371/journal.pone.0227256.t001

clinicians at approximately 775 sites of care across the United States (US), representing 1.7 mil-
lion patients with active cancer. Data for this study were derived from a curated subsample of
patients with confirmed mBC.

The Flatiron real-world dataset is covered under the Health Insurance Portability and
Accountability Act of 1996 (HIPAA) through Business Associate Agreements with every pro-
vider in the Flatiron network. These agreements authorize Flatiron to collect and de-identify
patient-level structured and unstructured data to create de-identified data sets for research
purposes. Processed data are de-identified according to either the Safe Harbor or Expert
Determination method as outlined in HIPAA Section 164.514(b). When using the Expert
Determination method, Flatiron employs a third-party expert to design the de-identification
methodology and certify that the dataset is de-identified. Only de-identified data is delivered
to clients. Institutional Review Board (IRB) approval was obtained for this study; informed
consent was waived by the IRB as the study was retrospective and non-interventional, using
routinely collected data. Details on the IRB are available in S1 Appendix.

Data were derived from a random sampling (with attrition at each step, Fig 1) of women
diagnosed with mBC between January 1, 2011, and September 30, 2015 (inclusive), regardless
of menopausal status. Data provided were de-identified and provisions were in place to pre-
vent re-identification in order to protect patients’ confidentiality. Eligibility criteria aligned
with those of the PALOMA -2 trial and included documented HR+ (estrogen receptor—positive
[ER+] or progesterone receptor—positive) and HER2- disease at any point before or <60 days
following mBC diagnosis, an Eastern Cooperative Oncology Group performance status
(ECOG PS) score <3 within 30 days of mBC diagnosis, and initiation of letrozole monother-
apy in the first-line metastatic setting before October 1, 2015. Patients who had received previ-
ous treatment with a cyclin-dependent kinase 4/6 inhibitor or who had another primary
cancer diagnosis <3 year before initiation of letrozole monotherapy were excluded.

The RCT cohort comprised women from the control arm of the double-blind, randomized,
placebo-controlled, international, multicenter, phase 3 PALOMA-2 study (NCT01740427)
(Fig 1). The study was approved by an IRB or equivalent ethics committee at each participating
site, and all patients provided written informed consent before enrollment. Details on partici-
pating IRBs/ethics committees are available in S1 Appendix. The study was conducted in
accordance with the International Conference on Harmonisation Good Clinical Practice
guidelines and the provisions of the Declaration of Helsinki.
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Real-World Cohort
(N=107)

Patients with:
* ICD 9/10 diagnosis of breast cancer
Two visits on or after 1/1/2011
e Structured medication order for letrozole
N=37,855

Has ECOG measurements at any point in time
n=20,240

* Diagnosis of metastatic breast cancer between January 1, 2011,

and September 30, 2015 (inclusive)
* HR+/HER2- disease
* ECOG score of 0-2 within £30 days of diagnosis of metastatic disease

PALOMA-2 Cohort
(N=222)

* Postmenopausal
e ER+/HER2- advanced
breast cancer

* No prior treatment for
advanced disease
* Al-resistant patients excluded

N=666

2:1 Randomization

n=411
» Confirmed treatment with letrozole monotherapy in the first-line P T
. . albociclib
metastatic setting Placebo
* Initiation of letrozole monotherapy on or before LA eIL (3/1 schedule)
September 30, 2015 (inclusive) 3/1 schedule) + letrozole
* No evidence of another primary cancer within 3 years before + letrozole (2.5 mg QD)
initiation of letrozole therapy (2.5 mg QD) .n=222
n=1082 n=444

20ne male patient was subsequently excluded.

Fig 1. Design and consort diagram. ECOG PS = Eastern Cooperative Oncology Group performance status; ER = estrogen receptor; HER2- = human epidermal growth

factor receptor 2-negative; ICD = International Classification of Diseases.

https://doi.org/10.1371/journal.pone.0227256.9001

Eligible patients were postmenopausal women aged >18 years with ER+/ HER2- advanced
breast cancer who had not received previous endocrine therapy for advanced disease. Inclu-
sion criteria included postmenopausal status defined as previous bilateral surgical oophorec-
tomy, spontaneous cessation of regular menses for 12 consecutive months, or follicle-
stimulating hormone and estradiol blood levels in the respective postmenopausal ranges; ade-
quate organ function; Eastern Cooperative Oncology Group performance status of 0-2; and
measurable disease as defined per Response Evaluation Criteria in Solid Tumors (version 1.1).
Exclusion criteria included HER2+ tumors; advanced, symptomatic, visceral spread at risk of
life-threatening complications; previous neoadjuvant or adjuvant treatment with a nonsteroi-
dal aromatase inhibitor with disease recurrence while on or within 12 months of completing
treatment; and previous cyclin-dependent kinase 4/6 inhibitor treatment. [13]

Treatment

In the real-world cohort, patients were treated with letrozole monotherapy per approved label-
ing and treating physicians’ clinical judgment. In the RCT cohort, women received letrozole
(2.5 mg once daily, administered orally) plus placebo per the PALOMA-2 study protocol. [13]
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Table 2. Real-world response categories vs RECIST v1.1 [9].

Response Real-world® RECIST v1.1°
Category
Complete Complete resolution of all visible disease Disappearance of all target lesions; reduction in short axis of
response pathologic lymph modes to <10 mm
Partial response Partial reduction in size of visible disease in some or all areas without any >30% decrease from baseline in the sum of the diameters of all
areas of increase in visible disease target measurable lesions
Stable disease No change in overall size of visible disease (includes cases where some Insufficient change to qualify for PR, CR, or PD
lesions increased and some lesions decreased in size)
Progressive Increase in visible disease or presence of new lesions Appearance of >1 new lesion or >20% increase from the smallest
disease sum of target lesions documented on study with a minimum
increase of 5 mm
Indeterminate/ Clinician specifically indicates that response is “indeterminate” or Necrosis or cystic changes in target lesions, very small or
equivocal “uncertain” or if clinician’s interpretation of the scan(s) cannot be mapped | uncertain new lesions

to 1 of the above categories

Abbreviations: CR, complete response; PD, progressive disease; PR, partial response; RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable disease.
*Assessment of visible disease.

P Assessment of all target lesions (lesions measurable at baseline up to a maximum of 5 lesions total and 2 lesions per organ).

https://doi.org/10.1371/journal.pone.0227256.t1002

Endpoints and assessment

For the real-world cohort, tumor burden was assessed during routine clinical visits for patients
with HR+/HER2— mBC. [9, 18] Tumor burden assessments were at the discretion of the treat-
ing physician and formalized RECIST methodology was not generally employed. Structured
and unstructured patient-level data were extracted from the EHR using Flatiron Health’s pro-
prietary technology-enabled abstraction platform, an electronic interface mimicking a case
report form with centralized management and quality controls. This layer of technology facili-
tates document classification and visual organization, text search within documents, and selec-
tive presentation of relevant documents to trained data abstractors (clinical oncology nurses
and tumor registrars). Structured data such as diagnoses, lab values, and medication adminis-
trations were mapped to a common terminology and unstructured data (eg, physician notes,
lab/radiology reports) underwent manual review [19]. All abstractors received training in the
use of the platform as well as indication-specific training (operating procedures, best practice
guidelines) prior to beginning the abstraction process.

Curated progression events were designated “real-world progression” (rwP). The approach
to rwP anchors on clinician-documented cancer progression based on an interpretation of the
entire patient chart, including results of diagnostic procedures and tests (eg, radiology and
pathology reports). [19] The date of cancer progression was defined as the date of the first
source evidence for progression referenced by the clinician (eg, radiology report date) or the
date of clinician note when no other corresponding evidence sources were documented. A par-
allel construct reflecting real-world progression-free survival (rwPFS) was calculated, measur-
ing from the start of first-line letrozole therapy through the end of first-line therapy for
patients receiving only first-line therapy and to the start of second-line therapy for all other
patients. Patients without disease progression or death were censored at the end of first-line
therapy (patients who only received first-line therapy) or at the start of second-line therapy (all
others). The approach to real-world response is based on clinician-documented assessments of
radiologic change in burden of disease over the course of treatment with a given therapy. Real-
world response rate (rwRR) was calculated as the percentage of patients in the cohort with a
maximum clinician-assessed therapeutic response of complete response (rwCR) or partial
response (rwPR) (Table 2).
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For the PALOMA-2 cohort, tumor assessment (CT with contrast or MRI) was conducted
every 12 weeks +/-7 days for patients with measurable disease; patients with bone-only disease
received bone scans every 6 months. [13] Imaging and bone scans were performed until objec-
tive disease progression, initiation of a new anticancer therapy, or withdrawal from the study,
whichever came first. [13] PFS and ORR were measured per RECIST version 1.1 (Table 2).
PES was defined as the time from the date of randomization to the date of radiologically con-
firmed disease progression or death due to any cause, whichever occurred first, and calculated
using a similar approach as described for rwPFS; ORR was estimated by dividing the number
of patients with confirmed CR or PR by the number of patients randomized to letrozole plus
placebo with measurable disease at baseline. [13]

Of note, in PALOMA-2 all deaths that occurred through 28 days after the end of first-line
therapy were included as progression events. In the real-world cohort, however, death dates
were reported only by month and year. To align progression definitions, patients in the real-
world cohort who died in the same month or within one month of the stop date of first-line
therapy were included as progression events.

Analysis and statistical methods

Inverse probability of treatment weighting was used to adjust analyses for differences in
observed potential confounders between the 2 study cohorts. [16, 20, 21] The IPTW process
modifies the patient counts according to differences in unweighted baseline characteristics.

Propensity scores were generated using a multivariable logistic model executed on data
from 107 real-world patients and 222 PALOMA-2 patients. Study origin (real-world or
PALOMA-2) was used as an outcome and potential baseline confounders were included as
covariates, having been selected based on the authors’ clinical judgment. Covariates included
were age, race, disease stage at diagnosis (I-IV or unrecorded/unknown), ECOG PS score,
number of disease sites at diagnosis (1, 2, >3), and bone-only metastases. In order to balance
the 2 study cohorts for duration of follow-up, the propensity score model also included poten-
tial follow-up, a baseline measure defined as the number of months from a patient’s start of
treatment date to the study cutoff: September 30, 2016 for the real-world cohort and February
26,2016 for PALOMA-2.

Inverse probability of treatment weights were then generated for each patient by inverting
their propensity score and stabilizing the score to reduce influences from large weights (small
propensity scores) by multiplying the inverted propensity score by 107/329 for Flatiron
patients and 222/329 for PALOMA-2 patients. The balance in prognostically important base-
line characteristics was assessed using a standardized differences approach, with values >0.10
indicating a non-negligible imbalance.

The duration of first line letrozole therapy was abstracted using Flatiron business rules
applied to patient EHRs for the real-world cohort. For the PALOMA-2 cohort, the duration of
treatment was obtained from information recorded in the data collection tool used in the study.

The Kaplan-Meier method was used to estimate median rwPFES and RECIST-based PES for the
real-world and PALOMA-2 cohorts, respectively. Hazard ratios and 95% confidence interval (CI)
were computed using weighted Cox proportional hazards analysis with IPTW adjustment. A
2-sided p < 0.05 was considered significant. All statistical analyses were performed using SAS v.9.4.

Results
Patient population

Between January 1, 2011, and September 30, 2015 (data cutoff, September 30, 2016), 107
women initiated letrozole monotherapy and met the eligibility criteria for inclusion in the
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unadjusted real-world cohort (Fig 1). In PALOMA-2, 222 patients were randomized to treat-
ment with letrozole plus placebo between February 2013 and July 2014 (cutoff date for final
analysis, February 26, 2016) and were included in the unadjusted RCT cohort (Table 3). The
number of patients in each cohort were modified by IPTW according to differences in
unweighted baseline characteristics. Rounding to the nearest whole number, the IPTW-
adjusted number was 116 for the real-world cohort and 207 for the RCT cohort (Table 4).

Table 3. Baseline demographic and clinical characteristics (Unweighted).

Characteristic Real-World Cohort (N = 107) PALOMA-2 Cohort
(N =222)
Female, n (%) 107 (100) 222 (100)
Age,y
Mean (SD) 68.6 (11.1) 60.6 (11.2)
Median (range) 69 (34-84) 61 (28-88)
<65 36 (33.6) 141 (63.5)
>65 71 (66.4) 81 (36.5)
Race, n (%)
White 67 (62.6) 172 (77.5)
Black or African American 8(7.5) 3(1.4)
Asian 2(1.9) 30 (13.5)
Other 30 (28.0) 17 (7.7)
ECOG PS, n (%)*
0 61 (57.0) 102 (46.0)
1 33 (30.8) 117 (52.7)
2 13 (12.1) 3(1.4)
Stage at diagnosis, n (%)®
1 22 (20.6) 30 (13.5)
11 21 (19.6) 68 (30.6)
111 10 (9.3) 39 (17.6)
I\Y% 42 (39.3) 72 (32.4)
Stage not recorded/unknown 12 (11.2) 13 (5.9)
Number of involved disease sites
1 41 (38.3) 66 (29.7)
2 40 (37.4) 52 (23.4)
>3 26 (24.3) 104 (46.8)
Bone-only metastases, n (%) 32 (29.9) 48 (21.6))
Menopausal status, n (%)
Premenopausal 5(4.7) 0
Postmenopausal 67 (62.6) 222 (100)
Unknown 35(32.7) 0
Age <60y, n (%) 1(2.9) NA
Age >60y, n (%) 34(97.1) NA
Hormone receptor status, n (%)4
ER+ 107 (100) 222 (100)
PR+ 76 (71.0) NA
PR- 19 (17.8) NA
Unknown 12 (11.2) NA
HER?2 status, n (%)
Negative 105 (98.1) 222 (100)
(Continued)
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Table 3. (Continued)
Characteristic Real-World Cohort (N = 107) PALOMA-2 Cohort
(N =222)
Equivocal® 2(1.9) 0

ECOG PS, Eastern Cooperative Oncology Group performance status; ER, estrogen receptor; HER2, human
epidermal growth factor receptor 2; IPTW, inverse probability of treatment weighting; NA, data not available; PR,
progesterone receptor; RCT, randomized controlled trial; RW, real-world; SD, standard deviation.

“Includes not reported/missing patients

"For the real-world cohort, the lowest ECOG PS score for each patient within the 30-day index window is reported.
“Disease stages do not include IB, ITA and IIB, or IIIB and IIIC classifications.

9For the real-world cohort, the result depicts the test closest to the metastatic diagnosis date, that is, within +60 days
of the metastatic diagnosis date.

“Despite confirmation of HER2- status before metastatic diagnosis, a test closer to the metastatic diagnosis date was

equivocal, and the most recent result was documented.

https://doi.org/10.1371/journal.pone.0227256.t1003

Unweighted, unadjusted demographic and clinical characteristics of the 2 cohorts were
broadly comparable, although patients in the real-world cohort were older (mean age 68.6 vs
60.6 y in PALOMA-2), more racially diverse, had poorer performance status (12.1% vs 1.4%
with ECOG PS 2), and were more likely to have stage IV disease (39.3% vs 32.4%) and bone-
only metastases (29.9% vs 21.6%) at diagnosis (Table 3). Of note, two patients with confirmed
HER2- disease prior to their metastatic diagnosis had equivocal results when tested closer to
the metastatic diagnosis date. In both cases the most recent result was documented.

Data abstractors were instructed to record menopausal status only when it was explicitly
stated in the patient’s chart. As a result, more than one-third of patients were classified as
“unknown.” As all but 1 of these patients—a 54 year old—were over the age of 60, these
patients were retained in the real-world dataset (Table 3). Five patients classified as “premeno-
pausal” were also retained. Because letrozole is specifically contraindicated in women of pre-
menopausal status it could reasonably be inferred that these patients met the criteria for
medically confirmed postmenopausal status or were in medically-induced menopause as a
result of ovarian suppression per current treatment guidelines and standard practice.

After IPTW, standardized differences were reduced for all baseline demographic and clini-
cal variables of interest. Standardized differences were <0.10 for prognostically important vari-
ables including age, ECOG PS, disease stage III or IV, bone-only metastases, and potential
follow-up (Table 4). Standardized differences for disease stage I and II were <0.20 (Table 4).

PFS and treatment duration

Using unadjusted and unweighted patient data for the 2 cohorts, median rwPFS was 18.7
months (95% CI, 14.6-24.1) for real-world patients and PFS was 14.5 months (95% CI, 12.9-
17.1) for PALOMA-2 patients (hazard ratio, 1.38 [95% CI, 1.00-1.91]); Fig 2A). Median
rwPFS was longer than PES in the PALOMA-2 cohort, potentially reflecting the higher propor-
tion of patients with bone-only disease in this group. Following IPTW adjustment, median
PFS was similar in both cohorts: 18.4 months (95% CI, 12.8-23.3) for the real-world group
and 16.6 months (95% CI, 13.7-22.2) for the PALOMA-2 group (Fig 2B). The hazard ratio
using real-world data as reference was 1.04 (95% CI, 0.69-1.56).

The unweighted, unadjusted mean (standard deviation [SD]) duration of first-line letrozole
treatment was slightly longer among patients in the real-world cohort than in the PALOMA-2
cohort: 17.1 months (13.0) and 14.0 months (8.9), respectively, standardized difference,
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Table 4. Demographic and clinical characteristics of interest, before and after IPTW adjustment.

Characteristic Before IPTW After IPTW
Real-World Cohort | PALOMA-2 Cohort Standardized Real-World Cohort | PALOMA-2 Cohort Standardized
(N =107) (N =222) Difference® (N=116)" (N=207)° Difference®
Female, % 100 100 0.0000 100 100 0.0000
Age, y, mean (SD) 68.6 (11.1) 60.6 (11.2) 0.7175 62.3 (12.7) 62.5(11.0) 0.0222
Race, n (%)
White 67 (62.6) 172 (77.5) 0.3288 74.8 (64.6) 162.9 (78.5) 0.3132
Black or African 8 (7.5) 3(1.4) 0.3016 5.3 (4.5) 2.8 (1.4) 0.1892
American
Asian 2(1.9) 30 (13.5) 0.4478 2.1(1.8) 26.6 (12.8) 0.4333
Other 30 (28.0) 17 (7.7) 0.5521 33.7 (29.1) 15.2(7.3) 0.5888
ECOG PSS, n (%)
0 61 (57.0) 102 (46.0) 0.2227 62.1 (53.6) 104.9 (50.6) 0.0610
1 33 (30.8) 117 (52.7) 0.4546 48.1 (41.5) 93.6 (45.1) 0.0729
2 13 (12.1) 3(1.4) 0.4407 5.6 (4.9) 8.9 (4.3) 0.0270
Stage at diagnosis?, n
(%)
I 22 (20.6) 30 (13.5) 0.1883 21.4 (18.5) 30.5 (14.7) 0.1023
il 21 (19.6) 68 (30.6) 0.2558 25.9 (22.4) 61.1(29.5) 0.1623
111 10 (9.3) 39 (17.6) 0.2427 15.9 (13.7) 30.5 (14.7) 0.0274
v 42 (39.3) 72 (32.4) 0.1426 43.1(37.2) 72.6 (35.0) 0.0470
Not recorded/ 12 (11.2) 13 (5.9) 0.1927 9.5(8.2) 12.9 (6.2) 0.0769
unknown
Involved disease sites,
n (%)
1 41 (38.3) 66 (29.7) 0.1820 39.8 (34.4) 63.0 (30.4) 0.0854
2 40 (37.4) 52 (23.4) 0.3070 34.8 (30.1) 62.9 (30.3) 0.0064
>3 26 (24.3) 104 (46.8) 0.4846 41.2 (35.6) 81.5(39.3) 0.0765
Bone-only 32(29.9) 48 (21.6) 0.1903 26.9 (23.2) 44.6 (21.5) 0.0422
metastases
Potential follow-up, 33.0 (13.6) 24.5(3.3) 0.8544 25.2(11.2) 25.1(3.6) 0.0128
mo°® (SD)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; IPTW,
inverse probability of treatment weighting; PR, progesterone receptor; SD, standard deviation.

*The threshold for ignorable differences is 0.10.

IPTW-adjusted according to differences in unweighted baseline characteristics.

“For the real-world cohort, the lowest ECOG PS score for each patient within the 30-day index window is reported.

Disease stages do not include IB, ITA and IIB, or IIIB and IIIC classifications.

“From start of treatment to study cutoff (September 30, 2016 for real-world cohort; February 26, 2016 for PALOMA-2)

https://doi.org/10.1371/journal.pone.0227256.t1004

0.2810. After IPTW-adjustment, mean (SD) duration of treatment was 13.3 months (11.1) in
the real-world cohort and 14.6 months (8.9) in the PALOMA-2 group, with a reduction in
standardized difference to 0.1242 (Table 5). Discontinuations due to treatment-related adverse
events or toxicity were relatively low, and were reported more frequently among patients in
the real-world cohort than in the PALOMA-2 cohort (6.5% and 4.1%, respectively) (Table 6).

Tumor response

Using unadjusted and unweighted patient data, the rwRR in the real-world cohort (40.2%
[95% CI, 30.8-50.1]) was similar to the ORR in the PALOMA-2 cohort (38.3% [31.9-45.0];
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Fig 2. Unadjusted (A) and IPTW-Adjusted (B) Progression-Free Survival. CI, confidence interval; IPTW, inverse
probability of treatment weighting. IPTW adjusted numbers of patients at risk are shown.

https://doi.org/10.1371/journal.pone.0227256.9002

odds ratio: 0.92 [95% CI, 0.56-1.

53]; 2-sided P = .83). No significant difference was observed

between rwRR and ORR in IPTW adjusted comparisons: 41.8% and 39.4%, respectively (odds
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ratio: 0.91 [95% CI, 0.57-1.44]; 2-sided P = .68; Fig 3A). Complete tumor response was more
frequently reported in the unadjusted real-world cohort (11.2%) than the unadjusted
PALOMA-2 group (2.3%) (Fig 3B). Of note, 22.4% of patients in the real-world cohort had no
tumor assessments recorded during a mean 5.8 months of first line therapy.

Discussion

To our knowledge, this is the first study in oncology clinical research to establish concordance
on time-dependent efficacy endpoints between real-world and RCT datasets. Our analysis
found that after IPTW adjustment for potentially confounding demographic and clinical char-
acteristics, tumor burden endpoints such as rwPFS and rwRR derived from curated real-world
data were similar to those observed in an RCT in women treated with letrozole monotherapy
as first-line treatment for HR+/HER2- mBC. Median rwPFS in the real-world cohort was 18.4
months versus a median PFS of 16.6 months in the PALOMA-2 cohort, with a rwRR of 41.8%
versus an ORR of 39.4% in PALOMA-2 patients.

As the number of novel oncology therapies entering the market increases, the need to assess
the efficacy of these therapies relative to one another will become increasingly important. Reli-
able real-world data can help efficiently address this growing demand. There is a growing
interest in the use of real-world data to support modern clinical trial design. Real-world data
can facilitate the study of new agents in populations that are more reflective of the diverse
patients encountered in routine clinical practice, either as internal control arms or as external
control arms for single-arm trials. [1-4] At the regulatory level, single-arm trials with surrogate
endpoints supported by external control data could be the basis for rapid approval of novel
agents with exceptional clinical activity, while high quality phase IV studies in the real-world
setting could provide confirmatory evidence following accelerated approvals. [2]

If real-world data are to be integrated into clinical trials, increasing confidence in the valid-
ity of real-world endpoints is critical. Conventional RECIST-based assessment relies on quan-
titative measurement of target lesions with consistent imaging modality and strict assessment
intervals. In real-world clinical practice, the assessment of progression or treatment response
is often qualitative and based on diverse clinical factors, including imaging studies, clinical pre-
sentation, and patient-specific factors such as performance status.

This analysis demonstrated consistency between rwPFS/rwRR and RECIST-based corre-
lates despite these fundamental differences. A key advantage of this work was that the end-
points were subjected to similar analytic conditions as would be expected for traditional
clinical trial endpoints and performed similarly. Available individual patient-level data from
the PALOMA-2 cohort allowed for patient-level weighting of study populations and increased
confidence in results.

There were several limitations of this analysis. Differences in clinical and sociodemographic
characteristics were observed between the real-world and PALOMA-2 cohorts that confirm
the well-established observation that patients who enroll in RCT's tend to be younger, health-
ier, and less racially and ethnically diverse than the general population of cancer patients. [5]
Inverse probability of treatment weighting was used to control for these imbalances, and
IPTW-adjusted baseline characteristics were comparable between the 2 cohorts. However,
IPTW cannot completely overcome initial selection bias and does not control for unobserved
confounders; as a result, unmeasured confounding may still be present even in the weighted
observations.

In addition, although the inclusion/exclusion criteria for the real-world cohort were
designed to align with those of PALOMA-2 as much as possible, there were differences in
selection criteria between the 2 groups. In PALOMA-2, prior adjuvant or neoadjuvant therapy
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Table 5. Duration of first-line letrozole therapy, before and after IPTW adjustment.

Real-World Cohort®
(N =107)
Duration, mean, 17.1 (13.0)

mo (SD)

Before IPTW After IPTW
PALOMA-2 Cohort® Standardized Real-World Cohort® PALOMA-2 Cohort® Standardized
(N =222) Difference® (N =116)* (N =207)* Difference®
14.0 (8.9) 0.2810 13.3 (11.1) 14.6 (8.9) 0.1242

IPTW, inverse probability of treatment weighting; SD = standard deviation.

* Calculated as days from start of treatment up to the last clinic note/death date.

® Defined as the total number of dosing days from first to last day (inclusive) of each study treatment, divided by 30.44 to convert to months.

“The threshold for ignorable differences is 0.10.

9IPTW-adjusted according to differences in unweighted baseline characteristics.

https://doi.org/10.1371/journal.pone.0227256.t1005

with a nonsteroidal Al was allowed unless disease recurred while the patient was on therapy or
within 12 months of therapy completion. While start and stop dates of other endocrine thera-
pies were abstracted from unstructured chart data in the real-world cohort, it was not feasible
to determine timing relative to disease recurrence, so patients with a history of prior Al ther-
apy were not excluded. However, it could reasonably be inferred that treating physicians fol-
lowed current treatment guidelines, which recommend that patients who received prior
endocrine therapy within 1 year of recurrence be treated with a different endocrine therapy.

Similarly, postmenopausal status was an eligibility criterion in the prospective PALOMA-2
trial, but was not a requirement for inclusion in the retrospective real-world cohort. In the
PALOMA-2 study, rigorous screening criteria were in place to ensure all enrolled patients
were postmenopausal. [13]. In routine clinical practice, however, menopausal status often goes
undocumented in the EHR. In the real-world dataset, menopausal status was recorded only
when explicitly stated in the patient’s chart and age was not used as a proxy. As a result,
approximately one-third of patients in the real-world cohort had a menopausal status of
“unknown.” All of these patients were over the age of 50, and all but 1 was over the age of 60.
The differences in menopausal status were partially adjusted for by the inclusion of age as a
variable in the computation of the weights in the IPTW process—as indicated by a change in
standardized difference from 0.7175 before IPTW adjustment to 0.0222 after (Table 4).

The real-world patients in this analysis had longer unadjusted rwPFS, possibly due to the
higher proportion of bone-only metastases—which is a potential indicator of more indolent

Table 6. Reasons for discontinuation (Unweighted).

Reasons for Discontinuation Real-World Cohort (N = 107) PALOMA-2 (N =222)

Total discontinued, n (%) 49 (45.8) 161 (72.5)
Disease progression or death 36 (33.6) 127 (57.2)
Treatment-related AE/toxicity 7 (6.5) 9 (4.1)
Other® 4(3.7) 22 (9.9)
Protocol violation NA 3(1.4)
Unknown 2(1.9) NA

AE = adverse event; NA, not applicable; SD = standard deviation.

“For patients in the real-world cohort, the reasons were as follows: other (n = 3 [2.8%]), patient request unrelated to
toxicity or financial issues (n = 1 ([0.9%]). For patients in the PALOMA-2 cohort, the reasons were as follows: global
deterioration of health status(n = 9 [4.1%]), refused to continue for reason other than AE (n =9 [4.2%]), other (n = 4
[1.8%]).

https://doi.org/10.1371/journal.pone.0227256.t1006
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Fig 3. Summary of Response Rate (A) and Tumor Response (B) in Patients Receiving First-Line Letrozole for HR+/HER2-
mBC. CI, confidence interval; HER2-, human epidermal growth factor receptor 2-negative; HR+, hormone-receptor positive;
IPTW, inverse probability of treatment weighting; mBC, metastatic breast cancer; RWD, real-world data. “RWD as reference.

https://doi.org/10.1371/journal.pone.0227256.9003

disease. [22, 23] —in the real-world cohort. The between-groups difference was substantially
reduced following IPTW adjustment (HR = 1.04; 95% CI 0.69-1.56).

In addition, in contrast to the global PALOMA-2 study, patients in the real-world cohort
are all from the US and receive care in routine clinical settings, which may have contributed to
the observed differences in the frequency of tumor assessments. The PALOMA-2 protocol
specified that tumor assessments be conducted every 12 weeks, while in the real-world cohort
scans were ordered at the discretion of the treating physician. It is noteworthy that 12 of the
patients without tumor assessments had durations of treatment longer than 12 weeks.

Despite these limitations, this analysis increases confidence that data from real-world health
care databases can be used to match the populations of randomized clinical trials and to assess
key outcomes in clinical practice settings. Although this is, to our knowledge, the first study of
its kind in oncology, a similar analysis of data from a large health care database successfully
mirrored the composite endpoints of the pivotal ONTARGET trial of the angiotensin receptor
blocker telmisartan. [24] The analysis of data from more than 50,000 patients took approxi-
mately 12 weeks at a fraction of the cost of the pivotal trial. [24]

Deriving endpoints in the oncology setting is admittedly a more labor-intensive task,
requiring manual review of unstructured chart elements (eg, clinician notes, radiology reports)
to arrive at high quality clinical outcome data. Enhancing the interoperability of EHRs and
improving the capture of outcomes data are core goals of regulatory and private sector efforts
to promote meaningful use of health information technology (HIT). [25] Modifying EHRs to
include structured fields that capture progression and response and training clinicians to enter
relevant data into the correct fields may provide an easier path to capturing outcome measures
in oncology clinical practice settings, and facilitate both retrospective and prospective studies
of real-world outcomes. Such an effort would require the coordinated efforts of multiple stake-
holders to provide the necessary HIT framework, education, and support to physicians and
allied health professionals.

Conclusions

This study is a preliminary but important step in showing that clinically meaningful informa-
tion can be derived from the assessment of rwPFS and rwRR based on EHR data abstraction
when proper quality controls and analytic methods are incorporated. Although limited to
patients with mBC, the current study lays the groundwork for additional analyses that could
be used to investigate treatment effects using real-world data in other malignancies. With fur-
ther validation, real-world data may help to modernize the clinical trial landscape and enhance
the design of prospective real-world randomized studies.
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