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In prior work, Friends of Cancer Research convened multiple data partners to establish standardized definitions for
oncology real-world end points derived from electronic health records (EHRs) and claims data. Here, we assessed
the performance of real-world overall survival (rwOS) from data sets sourced from EHRs by evaluating the ability of
the end point to reflect expected differences from a previous randomized controlled trial across five data sources,
after applying inclusion/exclusion criteria. The KEYNOTE-189 clinical trial protocol of platinum doublet chemotherapy
(chemotherapy) vs. programmed cell death protein 1 (PD-1) in combination with platinum doublet chemotherapy
(PD-1 combination) in first-line nonsquamous metastatic non-small cell lung cancer guided retrospective cohort
selection. The Kaplan-Meier product limit estimator was used to calculate 12-month rwOS with 95% confidence
intervals (Cls) in each data source. Cox proportional hazards models estimated hazard ratios (HRs) and associated
95% Cls, controlled for prognostic factors. Once the inclusion/exclusion criteria were applied, the five resulting data
sets included 155 to 1,501 patients in the chemotherapy cohort and 36 to 405 patients in the PD-1 combination
cohort. Twelve-month rwOS ranged from 45% to 58% in the chemotherapy cohort and 44% to 68% in the PD-1
combination cohort. The adjusted HR for death ranged from 0.80 (95% CI: 0.69, 0.93) to 1.15 (95% CI: 0.71, 1.85),
controlling for age, gender, performance status, and smoking status. This study yielded insights regarding data
capture, including ability of real-world data to precisely identify patient populations and the impact of criteria on end
points. Sensitivity analyses could elucidate data set-specific factors that drive results.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC:?

M Real-world data (RWD) have the potential to complement
clinical trial data and fill gaps in knowledge about the perfor-
mance of approved treatments used in routine care settings, in-
cluding patient populations excluded from clinical trials, or where
limited clinical trial data exist. There is interest in using real-world
evidence to support regulatory decisions in rare cancer patient
populations, new indications, alternative doses, and schedules.
WHAT QUESTION DID THIS STUDY ADDRESS?

M This study sought to evaluate the performance of rwOS and
the considerations necessary to assess directionality of treat-
ment associations in a real-world population across five US

oncology electronic health record RWD providers with differ-
ent sources of patient data by aligning the patient population
with key inclusion/exclusion criteria from the KEYNOTE-189
study.

WHAT DOES THIS STUDY ADD TO OUR KNOW-
LEDGE:?

[ Insights were yielded regarding data capture, including abil-
ity of RWD to precisely identify patient populations and the
impact of criteria on end points.

HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?

[ Sensitivity analyses could elucidate data set—specific factors
that drive results.
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Randomized controlled trials (RCTs) evaluate the safety and ef-
ficacy of medical products in specific patient populations under
rigorously controlled conditions. While adherence to structured
protocols, use of restrictive eligibility criteria, and patient ran-
domization maximize the internal validity of RCT results, eligi-
bility and protocol-directed care may reduce the relevancy of study
results for broader patient populations receiving approved drugs
subsequently in routine clinical practice. Limitations regarding
the generalizability and transportability of trial findings create a
value basis for the evaluation of patient outcomes in real-world set-
tings,1 Real-world data (RW D) have the potential to complement
clinical trial data and fill gaps in knowledge about the perfor-
mance of approved treatments used in routine care settings, in-
cluding patient populations excluded from clinical trials, or where
limited clinical trial data exist. As such, there is interest in using
real-world evidence (RWE) to support regulatory decisions in rare
cancer patient populations, new indications, alternative doses,
and schedules.” Real-world end points measurable across data
sources, including administrative claims and electronic health re-
cords (EHRs), that are consistently implemented across studies are
needed to optimize data collection and accurate interpretation of
real-world study findings.3

Replication of study findings across multiple data sources using
common harmonized data elements and analytical framework is es-
sential to evaluate the potential applications of RWE. In prior work,
we established standardized definitions for oncology real-world
end points derived from both EHR and claims data.* In this study,
we assessed the performance of real-world overall survival (rwOS)
by evaluating the ability of the end point to reflect expected dif-
ferences from a previous RCT across multiple data sources, after
applying inclusion/exclusion criteria.’ Although not designed to
replicate the clinical trial, this study used KEYNOTE-189, an
RCT published in 2018, as a relative benchmark to explore the per-
formance of rwOS across data sources. KEYNOTE-189 demon-
strated improved outcomes of pembrolizumab in combination
with platinum therapy (cisplatin or carboplatin) and pemetrexed,
compared with chemotherapy alone for frontline treatment of
patients with nonsquamous metastatic non-small cell lung cancer
(metastatic non-small cell lung cancer). By estimating treatment ef-
fects in each data set, we sought to distinguish the effects of under-
lying patient characteristics (e.g., age, biomarker status, and health
performance status) from data set—specific considerations (e.g.,
completeness of key variables). Furthermore, this work generated
insights into methodological transparency, data quality, and re-
porting standards for real-world outcome measures that can inform
the interpretation of the results of real-world studies in oncology.

METHODS

Data sources

Five organizations supplying EHR data aligned on a common set of defi-
nitions and protocols (Table 1, Table 2, and Table S1). Each data part-
ner conducted data extraction and statistical analyses using deidentified
patient data from their respective real-world population and reported ag-
gregated data only. EHR data was sourced through structured (program-
matic database extractions) and/or unstructured (chart review) methods
conducted in accordance with abstraction rules and quality processes

established within each organization.
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Study population

Similar to KEYNOTE-189, the real-world population selected for this
study included patients with metastatic non-small cell lung cancer (mN-
SCLC) who initiated frontline treatment in the metastatic setting with
combination platinum therapy (chemotherapy) or pembrolizumab plus
combination platinum therapy (programmed cell death protein 1 [PD-1]
combination), where combination is defined as cisplatin or carboplatin
plus pemetrexed (Figure S1). Eligible patients had a documented en-
counter (defined as a physician visit, drug administration, or vitals doc-
umentation) in each database on two or more separate occasions on or
after January 1, 2011 through March 31, 2018. Frontline treatment was
defined as the first regimen subsequent to the date of metastatic diag-
nosis and included all agents received within 30 days following the day
of first administration or noncanceled order after metastatic diagnosis.
The index date was the date frontline therapy was initiated. Patients
with an index date on or after January 1, 2015 but no later than March
31, 2018 were included in order to improve temporal proximity of treat-
ment groups. Patients with a gap of greater than 120 days from the date
of metastatic diagnosis to the first clinical encounter (structured and/or
unstructured) were excluded as having possibly incomplete carly therapy
data. Data cutoff was March 31,2019, to allow a minimum of 12 months’
potential follow-up.

Initial trial-related inclusion and exclusion criteria

(“baseline cohort”)

The real-world cohorts were identified following key inclusion and ex-
clusion criteria reported by KEYNOTE-189 (Table S2). Patients were
included in the real-world cohorts if they had evidence of pathologically
confirmed mNSCLC (patients metastatic at diagnosis or patients with
carlier-stage disease who progressed to metastatic disease), received no
previous systemic antineoplastic therapy at any point in the metastatic
setting or in the advanced setting within 12 months prior to metastatic
diagnosis date, and reccived at least one dose of either a PD-1 combina-
tion or chemotherapy frontline regimen. Patients were included regard-
less of programmed death-ligand 1 (PD-L1) testing or status. The cohort
meeting these criteria is referred to as the "baseline cohort” and included
many patients who would likely not have qualified for a typical clinical
trial in mNSCLC.

Additional trial-related exclusion criteria

("fully restricted cohort™)

To explore potential associations between survival estimates and prog-
nostic factors typically excluded from clinical trials, the following exclu-
sion criteria were applied to the baseline cohort: squamous cell carcinoma
or non-small cell lung cancer (NSCLC) not otherwise specified, evi-
dence of inadequate kidney or liver organ function, Eastern Cooperative
Oncology Group (ECOG) performance status (PS) 22, and evidence of
EGFR/ALK (epidermal growth factor receptor / anaplastic lymphoma
kinase) sensitizing mutations, all at index date. Patients without organ
function, ECOG, or EGFR/ALK data were included. Exact definitions
of the criteria, as implemented by cach group, are reported in Table 2.
The cohort meeting all these additional exclusion criteria is referred to as
the "fully restricted cohort" and is intended to represent the strict eligi-
bility requirements for patient populations typically enrolled in clinical
trials.

End-point definitions
Real-world OS was defined as the length of time from the index date to
the date of death. If there was no evidence of death, patients were cen-
sored at the last recorded clinical activity prior to data cutoff. The imple-
mentation of rwOS by cach group is reported in Table 1.

Table S1 describes implementation of key descriptive variables and
model covariates: disease stage (0, I, IT, III, IV, unknown), smoking status
(known history of smoking, no known history of smoking), and PD-L1
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Table 1 Variations across data sources and implementation of end-point definition

Description of data

Data set source Population Derivation of date of death Censor date
A Structured and Academic and community An algorithm is used. If dates agree Date of last clinical activity
unstructured practice patients in the across the three data sources, the date prior to data cutoff, defined
EHR data and United States; outpatient; is selected. If discrepancy <7 days exists, as in-person visit event with
commercial obituary initiated frontline therapy EHR data is preferentially captured. If healthcare provider such as
data. between 2015 and 2018.  discrepancy >7 days exists, EHR data with treatment administration or

accompanying source documentation (e.g., collected test.
death certificate) is prioritized, otherwise
commercial obituary data is captured.

B Structured and Academic and community An algorithm is used. If all dates agree Date of last structured activity,
unstructured EHR practice patients in the across the three data sources, the date is  defined as the most recent visit
data, commercial United States; outpatient;  selected. If any two dates agree, that date prior to data cutoff.
obituary data, and initiated frontline therapy is selected. If all three dates disagree,

Social Security between 2015 and 2018. the following hierarchy is applied: SSDI,

Death Index (SSDI) obituary, EHR data. If a day level DoD is
data. available in abstracted EHR data, that date
is selected over the consensus structured

date.
Exact date was used, where available.

If only month-level date was available, it

was generalized to the end of month. If

only year-level date was available, if was

generalized to the end of year.

C Structured and Community practice An algorithm is used. Tumor registry Date of last contact (physical

unstructured EHR patients in the United (hospital, enterprise-wide, national) dates  encounter, medication order, or
data; hospital- States; inpatient and were preferentially selected, followed by medication administration, from
based, enterprise- outpatient; initiated structured EHR, followed by commercial structured or unstructured EHR
wide, and national frontline therapy between obituary data. data) prior to the data cutoff.
cancer registries; 2015 and 2018.
commercial obituary
data; and digitized
obituaries.
D Structured EHR Community practice Actual date of death documented from EHR  Date of last structured clinical
data. patients in the United or DMF. activity prior to data cutoff.
States; outpatient; initiated
frontline therapy between
2015 and 2018.
E Structured EHR Academic and community Mortality algorithm incorporating EHR and Date of last clinical encounter
data, structured practice patients in the Claims. with healthcare provider prior to
claims data. United States; primarily data cutoff.

outpatient; initiated
frontline therapy between
2017 and 2018.

DMF, death master file; DoD, date of death; EHR, electronic health record.

expression status (<1%, 1-49%, 250%, unknown) and evidence of brain
metastases (yes, no) at index date.

Statistical analysis

The Kaplan-Meier product limit estimator was used to calculate 12-
month and median rwOS with 95% confidence intervals (Cls) for the
baseline and fully restricted cohorts in each data source. Cox propor-
tional hazards models were used to estimate hazard ratios (HRs) and
associated 95% Cls for the associations between treatment groups and
rwOS in the fully restricted cohort. Unadjusted HRs for the association
between treatment groups and rwOS were calculated in the bascline and
the fully restricted cohorts. Additionally, unadjusted models for the fully
restricted cohort were stratified by age, gender, PD-L1 expression status
(<1%, 21%, 1-49%, 250%), evidence of brain metastases (yes, no), and
platinum drug agent (carboplatin, cisplatin). Lastly, we adjusted for age
(<65, 265 years), gender (male, female), smoking status (known history of
smoking, no known history of smoking), and ECOG PS (0, 1, unknown)
to account for confounding by prognostic factors not homogenized in
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inclusion/exclusion criteria. Forest plots were used to visualize the range
of estimates across data sets.

Post hoc analyses

To explore potential associations between estimates of survival and in-
dividual prognostic factors, and evaluate the impact of methodological
approaches to deriving them from RWD, exclusion criteria were applied
sequentially to the baseline cohort in a stepwise manner and unadjusted
HRs for the associations between treatment groups and rwOS were cal-
culated after each restriction step:

Step 0: Baseline cohort (as defined above)

Exclude patients with:

Step 1: Squamous cell carcinoma or NSCLC not otherwise specified

Step 2: Inadequate kidney or liver organ function at index date

Step 3: Eastern Cooperative Oncology Group (ECOG) performance
status at index date 22

Step 4: Evidence of EGFR/ALK sensitizing mutations at index date
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Table 3 Characteristics of fully restricted cohorts

KEYNOTE-189 A B C D E
Characteristic Chemotherapy/PD-1 combination treated patient characteristics
Total number of patients/ 410/206 346/54 1,501/405 232/36 748/132 155/125
Treatment, no.
Age
Median, yrs (IQR) 65, 34, 68, 60, 74/65, 67, 59, 74/65, 66, 59, 73/64, 67,60, 74/64, 68, 59, 74/65,
84/64, 34, 60, 72 59, 72 58, 71 58, 72 60, 73
84

<65 yr, %

48.0/55.8%

38.7/50.0%

42.4/47.2%

46.1/50.5%

41.7/52.3%

37.4/43.2%

Gender, Male, %

62.0/52.9%

45.7/55.6%

45.7/55.6%

52.6/63.9%

46.9/58.3%

47.7/52.8%

ECOG, %

0

45.4/38.8%

25.4/24.1%

21.0/31.4%

14.7/22.2%

14.7/30.3%

19.4/24.8%

1

53.9/60.7%

46.2/44.4%

33.7/37.5%

29.7/38.9%

63.2/43.2%

35.5/31.2%

Unknown

0.5/0.5%

28.3/31.5%

45.3/31.1%

55.6/38.9%

22.1/26.5%

45.2/44.0%

Smoking status, %

Evidence of smoking

88.3/87.9%

88.2/87.0%

88.3/89.6%

13.8/36.1%

84.9/84.8%

25.2/25.6%

No evidence

11.7/12.1%

11.8/13.0%

11.7/10.4%

86.2/63.9%

15.1/15.2%

74.8/74.4%

Histology, %

Non-squamous cell 96.1/96.1% 100/100% 100/100% 100/100% 100/100% 100/100%

carcinoma

NOS 2.4/1.9% Restricted Restricted Restricted Restricted Restricted
Brain metastases, %

Evidence of 17.8/17.0% 31.8/29.6% 18.5/14.1% 13.8/19.5% 13.2/9.1% 16.1/20.0%

No evidence 82.2/83.0% 68.2/70.4% 81.5/85.9% 86.2/80.6% 86.8/90.9% 83.9/80.0%

PD-L1 expression status, %

<1% 31.0/30.6% 11.9/12.8% 23.7/16.3% 50.9/20.8% 50.5/32.3% NA?
>1% 63.4/62.1% 19.3/42.6% 51.9/65.4% 49.1/79.2% 43.5/64.6% NA
1-49% 31.2/28.2% 14.8/34.0% 39.0/34.6% 26.4/41.7% 39.6/38.5% NA
>50% 32.2/34.0% 5.9/6.4% 12.9/30.9% 22.6/37.5% 3.8/26.2% NA
Unknown 5.6/7.3% 67.4/46.8% 24.4/18.3% 6.0/3.1% NA

Renal function, %

No Evidence of Inadequate 70.5%/64.8% 89.5/93.1% 100/100% 81.0/77.3% 13.5/16.8%

Function

Unknown% 29.5%/35.2% 10.5/6.9% 0.0/0.0% 19.0/22.7% 86.5/83.2%
Hepatic function, %

No evidence of inadequate 70.5%/59.3% 83.3/87.4% 100/100% 79.9/76.5% 49.7/71.2%

function

Unknown 29.5%/40.7% 16.7/12.6% 0.0/0.0% 20.1/23.5% 50.3/28.8%
Median time from advanced 1.00, 0.57, 1.2,0.8,1.7/ 1.25, 0.90, 0.83, 0.37, 1.03, 0.53,
diagnosis to frontline therapy 1.63/0.97, 0.62, 1.1,0.7,1.5 1.80/1.17, 0.70, 1.47/0.72,0.37, 1.77/0.93, 0.50,
initiation, months (IQR) 1.58 1.95 1.38 1.77
Median structured follow-up 10.98, 5.14, 7.2,2.8,17.6/ 12.27, 4.93, 10.08, 3.67, 13.53, 5.93,
time from frontline therapy 21.28/11.85, 10.1,3.5,15.6 25.04/10.37, 19.73/12.98, 14.06/14.06,
initiation, months (IQR) 5.60, 14.84 5.36, 17.12 3.55, 16.10 6.10, 21.13
Status at initial diagnosis, %

Advanced at diagnosis 87.6/88.9% 100/100% 88.8/83.3% 95.6/97.0% 96.1/92.0%

Progressed after initial 12.4/11.1% 11.2/16.7% 4.4/3.0% 3.9/8.0%

diagnosis
Stage, %

0 0.0/0.0% 0.0/0.0% 0.0/0.0% 1.3/0.8%
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Table 3 (Continued)

KEYNOTE-189 A B C D E

Characteristic Chemotherapy/PD-1 combination treated patient characteristics

| 6.6/5.6% 6.9/5.6% 0.9/0.0% 0.6/0.0%

Il 2.6/0.0% 0.9/2.8% 0.0/0.0% 0.0/0.0%

I 3.2/5.6% 3.4/8.3% 2.9/0.0% 0.0/0.8%

\% 87.6/88.9% 100/100% 87.9/83.3% 95.6/97.0% 95.5/89.6%

Unknown 0.0/0.0% 0.0/0.0% 0.9/0.0% 0.0/0.0% 2.6/8.8%
Index year, %

2015 35.5/1.9% 36.2/0.0% 34.5/0.0% 29.7/0.0% 0.0/0.0%

2016 36.1/0.0% 36.8/0.2% 35.3/0.0% 33.7/0.0% 0.0/0.0%

2017 23.7/63.0% 22.7/71.6% 23.7/75.0% 30.5/79.5% 83.9/69.6%

2018 4.6/35.2% 4.2/28.1% 6.5/25.0% 6.1/17.4% 16.1/30.4%

ECOG, Eastern Cooperative Oncology Group; NOS, not otherwise specified; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1.

@Data were not provided for this analysis.

To evaluate the potential impact of crossover on results, the proportion
of crossover in the chemotherapy group, defined as initiation of an im-
munotherapy (pembrolizumab, nivolumab, or atezolizumab)-containing
second line treatment prior to the date of data cutoff was calculated.

RESULTS

Characteristics of patientsin each group’sfully restricted and base-
line cohorts, as well as of patients included in KEYNOTE-189,
are described in Table 3 and Table S3, respectively. The fully
restricted cohorts included 155 to 1,501 chemotherapy and 36
to 542 PD-1 combination patients. Median age in chemotherapy
and PD-1 combination groups ranged between 66-68 and 64—
65, respectively. The proportion of patients <65 years of age was
higher in the PD-1 combination group than in the chemother-
apy group by a margin ranging from 4 to 11 percentage points
across data sets. The proportion of males in the PD-1 combina-
tion groups was 53% to 64% while the chemotherapy group had
a slightly lower proportion (46% to 53%). A substantial propor-
tion of patients had unknown ECOG (22-56% across cohorts
and data sets), unknown liver function (0-50%), or unknown
kidney function (0-87%). History of smoking was identified
in >84% of patients in three data sets, and in <40% of patients
in the remaining two data sets, due to data missingness. PD-L1
expression status was provided in four data sets, with a propor-
tion of unknown values ranging from 0 to 67% across treatment
groups and data sets. A higher proportion of chemotherapy pa-
tients had evidence of a PD-L1 expression status <1% compared
with PD-1 combination patients, (where percent unknown was
low). Patients whose cancer progressed to metastatic after initial
diagnosis comprised up to 17% of chemotherapy or PD-1 combi-
nation cohorts in four data sets, but were excluded from one data
set (i.c., only stage IV patients were included). PD-1 combination
patients initiated treatment in 2017-2018, while patients in the
chemotherapy group initiated treatment from 2015 to 2018. The
proportion of patients initiating either treatment in 2018 was
low due to the cutoff date for frontline treatment initiation by

March 31, 2018.

450

Table 4 includes estimates of rwOS at 12 months, as well as un-
adjusted associations between frontline therapy and rwOS, over-
all and stratified by key variables of interest, in the fully restricted
cohorts. Twelve-month rwOS ranged from 45% to 57% in the
chemotherapy group and 44% to 69% in the PD-1 combination
group. Unadjusted HR for death, comparing PD-1 combination
to chemotherapy, ranged from 0.79 (95% CI: 0.68, 0.92) to 1.10
(95% CI: 0.70, 1.72). In four of the five fully restricted cohorts,
HR point estimates were below 1, and four confidence intervals
overlapped 1.

Table S lists adjusted associations between frontline therapy and
rwOS in the fully restricted cohorts, controlling for age (<65 vs.
265 years), gender, ECOG (0, 1, or unknown), and smoking sta-
tus (history, no history, unknown). The adjusted HR ranged from
0.80 (95% CI: 0.69, 0.93) to 1.15 (96% CL: 0.71, 1.85). HR point
estimates were below 1 in four of the five fully restricted cohorts
and four confidence intervals overlapped 1.

Post hoc analyses explored the unadjusted associations between
frontline therapy and rwOS during sequential exclusion step (base-
line cohort to fully restricted cohort). Patient numbers ranged
from 293 to 2,673 in baseline and 164 to 1,906 in fully restricted
cohorts (Figure S1). Numerical differences in HRs in analyses
with varying exclusion criteria were very small. The finding of sta-
tistically significant association or lack thereof was not altered in
any of the five data sets across sequential application of criteria.

Between 37% and 44% of the chemotherapy patients in the fully
restricted cohort initiated a second line containing immunother-
apy prior to the data cutoff (data not shown).

DISCUSSION

This study evaluated the reproducibility and performance of
rwOS across five real-world mNSCLC patient data sets receiv-
ing chemotherapy or PD-1 combination after applying selected
clinical trial inclusion/exclusion criteria.® Specifically, the study
evaluated whether the application of common inclusion/exclu-
sion criteria and methods across different data sources would re-
sult in similar rwOS findings, and if not, whether the observed
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Table 5 Adjusted associations between frontline therapy and rwOS in the fully restricted cohorts

Covariate A B C D E
Overall adjusted HR (95% ClI)
Chemotherapy Ref. Ref. Ref. Ref. Ref.

PD-1 combination 0.99 (0.65-1.51)

0.80 (0.69-0.93)

1.15 (0.71-1.85) 0.96 (0.73-1.26) 0.95 (0.69-1.30)

Age HR (95% Cl)

<65 Ref. Ref.

Ref. Ref. Ref.

>65 1.18 (0.90-1.55)  1.16 (1.04-1.30)  1.20(0.90-1.61) 1.04 (0.86-1.25)  0.72 (0.53-0.98)
Gender HR (95% Cl)

Male Ref. Ref. Ref. Ref. Ref.

Female 0.97 (0.74-1.26) 0.80 (0.72-0.90) 0.79 (0.59-1.06) 0.94 (0.79-1.13) 0.84 (0.62-1.15)
ECOG PS HR (95% Cl)

0 Ref. Ref. Ref. Ref. Ref.

1 1.93 (1.38-2.70) 1.40 (1.21-1.63) 1.51 (0.93-2.46) 1.31 (1.01-1.69) 1.07 (0.69-1.64)

Unknown 1.09 (0.74-1.59) 1.25(1.08-1.45)  1.48(0.94-2.34)  1.29(0.96-1.75)  0.90 (0.53-1.52)
Smoking status HR (95% Cl)

Evidence of history of Ref. Ref. Ref. Ref. Ref.

No evidence of history of 0.99 (0.67-1.47) 0.84 (0.70-1.00) 1.11 (0.73-1.68) 1.01 (0.78-1.32) 1.54 (0.61-3.90)

Unknown/missing population NA NA NA 0.76 (0.39-1.48) 0.78 (0.48-1.28)

Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio; NA, not available; OS, overall survival; PD-1,

programmed cell death protein 1; Ref., reference; rwOS, real-world overall survival.

results could be explained by differences in the underlying pa-
tient populations or data-specific characteristics. While a trial
replication or direct comparison was outside the scope of this
work, trial-based inclusion/exclusion criteria were used to align
the real-world populations and provide a relative benchmark for
evaluating the performance of the real-world end point. The
stepwise application of inclusion/exclusion criteria, intended to
provide additional insights on factors that drove differences be-
tween estimates, did not indicate convergence or divergence of
results.

The estimated treatment effects varied across data sets. Sample
size limitations may have contributed to the lack of statistical
significance in some of the real-world data sets compared with
KEYNOTE-189. Real-World OS for patients receiving immu-
notherapy was shorter in real-world cohorts than in the trial,
consistent with the findings from other real-world NSCLC anal-
yses.7_9 The range of observed results across real-world cohorts
and as compared with the trial may be partially attributable to
outstanding differences in cohort composition, data missingness,
interpretation of end-point definitions and their completeness,
and differences in routine vs. clinical trial care and data collection
patterns.

While several, common inclusion/exclusion criteria were used,
differences in their application and in missing data patterns across
the five groups may have contributed to variability of observed re-
sults. Data missingness is a known and challenging aspect of ob-
servational data. Specifically, the proportion of patients missing
ECOG PS was up to a quarter and patients lacking laboratory
values to ascertain organ function comprised up to 87% of study
cohorts, allowing substantial heterogeneity in cohort character-
istics. Missing International Classification of Discases (ICD) or
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laboratory values may have resulted in differential misclassification
of entry criteria and key covariates, potentially biasing observed
estimates.

The proportion of patients with evidence of brain metastases in
real-world data sets also varied widely, as determined using ICD
codes. Given the low sensitivity of ICD codes in identifying brain
metastases, differences in this important prognostic factor could
lead to variable estimates of the 12-month rwOS. Additional, un-
measured sources of heterogeneity, such as comorbidities, socio-
economic status, health-insurance coverage, and variation in care
between community and academic practices may have contributed
to the variability in adjusted estimates. Given high rates of cross-
over in the chemotherapy groups, potentially variable treatment
timing, and duration and dosing may have contributed to the rel-
atively strong performance of patients receiving chf:mothf:rapy.10

Differences in mortality ascertainment may have also contrib-
uted to the observed range of results. The sensitivity and specificity
of mortality information, obtained from a variety of sources rang-
ing from only structured EHRs to composite approaches of chart
review, third party mortality data sources, and the Social Security
Death Index data, varied across real-world data sets. Poor com-
pleteness of mortality data leads to overestimated survival,” and
lower statistical power. Additionally, should completeness and/
or accuracy of the data vary within cohorts (e.g., due to improved
records over time), measures of association may be biased. Finally,
granularity of available death dates and handling of partially com-
plete dates may have also varied across groups.

Descriptive comparisons to KEYNOTE-189 should consider
differences in patient care in a trial setting. Strict trial protocols
dictate regular data collection at baseline and follow-up intervals
for RECIST objective response and mortality assessments, whereas
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real-world studies observe care as it is delivered and recorded in
clinical practice. Consistent reporting of data completeness is crit-
ical to inform appropriate analysis, including potential sensitivity
analyses, and interpretation of results, both within and across data
sets.

The study’s ability to apply further inclusion/exclusion cri-
teria, as well as conduct sensitivity analyses, was limited by
sample size considerations. Some data sources used only struc-
tured data, which limited the extent of the covariate informa-
tion collected compared with using unstructured data. Since
participating groups had different underlying data availabil-
ity, sensitivity analyses could not be performed consistently
across groups, limiting insights into the mechanism and im-
pact of missing data, for example on ECOG PS or kidney and
liver organ function. The study partially used noncontempo-
rancous controls, which could complicate outcome interpre-
tation. Finally, blinding of groups precluded the discussion
of data set-specific nuances which could inform observed
differences.

In future work, sensitivity analyses can help elucidate data set—
specific factors that may drive results. These include only selecting
patients who: (i) had stage IV NSCLC at diagnosis; (ii) initiated
frontline treatment in 2017 or 20138; (iii) had comparable distribu-
tion of potential follow-up across cohorts; (iv) had known ECOG
PS and organ function; and (v) had known timing and duration
of treatment prior to crossover. It is also important to understand
missingness for core variables to inform the selection of proper an-
alytic methods for main and/or sensitivity analyses (imputation-
based or model-based approaches vs. complete case analysis). In
studies evaluating multiple sources of RWD, sequential application
of eligibility criteria can be considered to evaluate consistency of
results across data sets and the impact of select clinical characteris-
tics. Designing a shared RWD master protocol a priori may assist
in understanding differences, promoting efficiency, and increasing
reproducibility. Additionally, sensitivity analyses assessing the vari-
ability resulting from different mortality assessment approaches
and determination of exact death date across data sets (Table 1)
could inform the relative contribution of these factors to observed
differences. Lastly, future analyses that include additional clinical
demographic factors and social determinants of health merit future
investigation.

This study sought to evaluate the performance of rwOS and the
considerations necessary to assess directionality of treatment asso-
ciations in a real-world population across five US oncology EHR
RWD providers with different sources of patient data by aligning
the patient population with key inclusion/exclusion criteria from
the KEYNOTE-189 study. Such efforts to achieve consistency
across RWD sources are necessary to distinguish true treatment
effects from ones driven by methodological choices, missing data,
confounding, and unmeasurable influences on treatment choice.
While an association between frontline treatment and rwOS was
not consistently detected, differences in methodologies, delivery of
care (protocol vs. observational), capture of critical data elements
(required routinely throughout RCT), and residual heterogene-
ity in real-world patient cohorts help contextualize the observed
similarities and differences across the real-world data sets and as

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 111 NUMBER 2 | February 2022

compared with the trial. Measuring real-world effectiveness and
safety in routine care alongside clinical trials may have an import-
ant role in completing the picture of how well a therapy works,
for which patients it is most effectively useful, and under what
conditions in the future. Building on this research, agreement on
minimum reporting and performance standards and capturing of
post-baseline events (e.g., frequency and timing of treatment cross-
over) or subsequent treatments, as well as a process to evaluate real-
world end points across data sets could inform best practices that

may help unlock the potential of EHR-derived RWD.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).
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