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ABSTRACT
◥

Purpose:We describe the clinical and genomic landscape of the
non–small cell lung cancer (NSCLC) cohort of the American
Association for Cancer Research (AACR) Project Genomics Evi-
dence Neoplasia Information Exchange (GENIE) Biopharma Col-
laborative (BPC).

Experimental Design: A total of 1,846 patients with NSCLC
whose tumorswere sequenced from2014 to 2018 at four institutions
participating in AACR GENIE were randomly chosen for curation
using the PRISSMM data model. Progression-free survival (PFS)
and overall survival (OS) were estimated for patients treated with
standard therapies.

Results: In this cohort, 44% of tumors harbored a targetable
oncogenic alteration, with EGFR (20%), KRAS G12C (13%), and
oncogenic fusions (ALK, RET, and ROS1; 5%) as the most frequent.
Median OS (mOS) on first-line platinum-based therapy without

immunotherapy was 17.4 months [95% confidence interval (CI),
14.9–19.5 months]. For second-line therapies, mOSwas 9.2months
(95% CI, 7.5–11.3 months) for immune checkpoint inhibitors (ICI)
and 6.4 months (95% CI, 5.1–8.1 months) for docetaxel � ramu-
cirumab. In a subset of patients treatedwith ICI in the second-line or
later setting,median RECISTPFS (2.5months; 95%CI, 2.2–2.8) and
median real-world PFS based on imaging reports (2.2 months; 95%
CI, 1.7–2.6) were similar. In exploratory analysis of the impact of
tumor mutational burden (TMB) on survival on ICI treatment in
the second-line or higher setting, TMB z-score harmonized across
gene panels was associatedwith improvedOS (univariableHR, 0.85;
P ¼ 0.03; n ¼ 247 patients).

Conclusions: The GENIE BPC cohort provides comprehensive
clinicogenomic data for patients with NSCLC, which can improve
understanding of real-world patient outcomes.

Introduction
Prospective clinical trials are the backbone of clinical cancer

research, but many factors, including narrow eligibility criteria and
lack of diversity among trial participants, limit the generalizability of

prospective clinical trial results (1, 2). Real-world data, broadly defined
as any data collected outside of a prospective clinical trial, can provide
nuanced understanding of treatment effectiveness in a larger sample
and address gaps in knowledge not addressed by clinical trials (3, 4).
Collaborative repositories such as The Cancer Genome Atlas (5) have
provided large-scale genomic data, which has led to transformational
insights into the molecular landscape of various cancers (6, 7). Anal-
yses of these data have resulted in the identification of mutational
signature across cancer types (8) and improved prognostication by
molecular characteristics (9). However, the addition of data describing
clinical treatment and patient outcomes requires laborious curation of
medical records and is beyond the scope of most publicly available
genomic resources.

The American Association for Cancer Research (AACR) Project
Genomics Evidence Neoplasia Information Exchange (GENIE) is a
publicly available registry of next-generation sequencing (NGS) results
from participating cancer institutions internationally (10). With the
GENIE version 13.0-public release, data from 167,423 tumor samples
and 148,268 patients were made available for analysis. In 2019, AACR
launched the Biopharma Collaborative (GENIE BPC), a 5-year, mul-
tiphase research collaborationwith a coalition of 10 biopharmaceutical
companies to add deep clinical annotation to select cohorts of patients
from a subset of institutions providing data in the main GENIE
Registry. The project applies the PRISMM framework (Pathology;
Radiology; Imaging; Signs and Symptoms; tumor Markers; Medical
oncology assessments) for extraction of clinical data from electronic
health records (EHR) by trained curators and formulation of a set of
“real world” standards bywhich to categorize oncologic outcomes (11).
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Curated data undergo a multistep quality control and review pro-
cess (12), which allows for compilation of clinical diagnosis, treatment,
and outcome data, integrated with comprehensive tumor genomic
characterization, for thousands of patients with cancer, a scale not
typically available to the public. Here, we describe the clinical and
genomic landscape of the non–small cell lung cancer (NSCLC) GENIE
BPC cohort, the first of six cancer cohorts to be publicly released as part
of phase I of Project GENIE BPC. The GENIE BPCNSCLC 2.0-public
data release is available for download (https://www.synapse.org/#!
Synapse:syn27056172/wiki/616601) and can be visualized and ana-
lyzed using the cBioPortal interface (https://genie.cbioportal.org/
study/summary?id=nsclc_public_genie_bpc; de Bruijn I, et al. Anal-
ysis and visualization of longitudinal genomic and clinical data from
the AACR Project GENIE Biopharma Collaborative in cBioPortal.
Cancer Res. Forthcoming 2023).

Lung cancer is the secondmost common cancer in theUnited States
for men and women (13), with over 200,000 new diagnoses in 2021.
NSCLC comprises 80%–85% of lung cancer cases, the vast majority of
which are driven by cigarette smoking (14). Deep molecular profiling
has underscored the molecular heterogeneity of NSCLC. Complex
tumor genomics and high tumor mutational burden (TMB) are often
present in patients with heavy smoking histories while oncogene-
driven tumors are frequently discovered in patients who never
smoked (15). While the development of 10 effective matched targeted
therapies for oncogene-driven NSCLC may have contributed to
declines in lung cancer–related mortality in the last decade (16),
nuanced understanding of how somatic alterations impact response
to treatment outcomes is needed to further improve outcomes for all
patients with lung cancers. With detailed clinicogenomic curation of
2,004 tumor samples from 1,846 patients, the GENIE BPC NSCLC
cohort provides an opportunity to gain new insights into this clinically
and molecularly heterogeneous disease.

Materials and Methods
Patient selection

The study was performed in accordance with the principles of the
Declaration of Helsinki. Written informed consent was obtained for

each subject or subject’s guardian and human investigations were
approved after approval by Institutional Review Boards (IRB) at
respective institutions. Patients were selected for the GENIE BPC
NSCLC cohort from theGENIE registry (10). Eligibility criteriawere as
follows: NGS reported at Dana-Farber Cancer Institute (DFCI),
Memorial Sloan Kettering Cancer Center (MSKCC), or Vanderbilt-
Ingram Cancer Center (VICC) between January 1, 2015, and Decem-
ber 31, 2017, or at PrincessMargaret Cancer Centre-University Health
Network (UHN) between January 1, 2014, and December 31, 2017;
patient age ≥18 years at time of genomic sequencing; minimum of
2 years possible follow-up after sequencing; and eligible OncoTree
Diagnosis (17) code. Eligible codeswereNSCLC, ciliatedmuconodular
papillary tumor, large cell lung carcinoma, lung adenocarcinoma,
pleomorphic carcinoma of the lung, lung squamous cell carcinoma,
poorly differentiated NSCLC, lung adenosquamous carcinoma,
mucoepidermoid carcinoma of the lung, lymphoepithelioma-like
carcinoma of the lung, clear cell carcinoma of the lung, large cell lung
carcinoma with rhabdoid phenotype, giant cell carcinoma of the lung,
or basaloid large cell carcinoma of the lung. Of 6,152 patients screened
fromGENIE v8.0-public, 4,982met all eligibility criteria. Patients from
each institution were randomly sampled for a total of 1,846 patients
(DFCI, n ¼ 696; MSKCC, n ¼ 869; VICC, n ¼ 226; UHN, n ¼ 55)
whose phenomic data were curated using the PRISSMM frame-
work (11). For a subset of patients in the GENIE BPC NSCLC cohort
that were treated with immune checkpoint inhibitors (ICI) atMSKCC,
data from an MSKCC IRB/Privacy Board–approved separately main-
tained, retrospective database with RECIST assessments by a thoracic
radiologist were available.

Genomic data
As described previously (10), all centers in AACR Project GENIE

provide mutation data in mutation annotation format or variant cell
format as well as browser extensible data files for each assay panel. Full
details of each center’s clinical sequencing pipeline are available in
the GENIE data guide (GENIE 10.1 public release; AACR; RRID:
SCR_009197); summary of gene panels used is provided in Supple-
mentary Table S1. NGS panels varied with respect to genes that were
sequenced; patients with sequencing performed on a panel that did not
include a particular genewere excluded fromall analyses involving that
gene (e.g., a patient sequenced on a panel that did not include STK11 is
excluded from any analyses involving STK11). Details of gene coverage
of each panel are publicly available (https://www.synapse.org/#!Syn
apse:syn26706786). Somatic oncogenic and likely oncogenic altera-
tions according to OncoKB version 4.0 were used for analyses (17, 18).

Clinical data curation
Trained curators extracted clinical data from the EHR using the

PRISSMM framework, as described previously (11, 12, 19). Curators
reviewed the text of all pathology reports and recorded tumor char-
acteristics (e.g., histology). All imaging reports (other than plain
radiographs and ultrasounds) and one note from a medical oncologist
(if available) or advanced practice provider per month were curated.
Radiologist and medical oncologist assessments were reviewed for the
presence of cancer andwhether the cancer was improving/responding,
stable, mixed, or progressing/worsening/enlarging; radiologist assess-
ments and pathology reports were also reviewed for sites of disease. All
cancer-directed drugs, including start and stop dates, were curated.
Cancer-directed drugs include cytotoxic chemotherapies, immu-
notherapies, targeted therapies, and hormone therapies. A break in
treatment of≥8weekswas used to indicate the end of a regimen; even if
all drugs in the regimen were reinitiated 8þ weeks later, this was

Translational Relevance

While prospective clinical trials are essential for identifying
therapies that improve outcomes for patients with cancer, trials
cannot address all the gaps in our knowledge, particularly when it
comes to questions about patient outcomes, mechanisms of dis-
ease, acquisition of treatment resistance, and response to therapy.
Observational data frompatients treated in routine clinical practice
(“real-world data”) integrated with genomic sequencing informa-
tion, allows for more detailed explorations and guides research.
American Association for Cancer Research’s Project Genomics
Evidence Neoplasia Information Exchange (GENIE) Biopharma
Collaborative provides high-quality real-world data that integrates
rigorously annotated clinical data and corresponding tumor geno-
mic data. Here, we describe the standardized clinical curation of
1,846 patients with non–small cell lung cancer whose tumors have
undergone genomic profiling. The publicly available dataset
enables real-world estimates of time to event outcomes and explo-
ration of the associations between somatic alterations and response
to therapies.
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considered a new regimen. Additional details regarding curation and
the clinical variables available are provided in the Analytic Data Guide
that accompanies each data release (20). Data are stored in a Research
Electronic Data Capture (REDCap; refs. 21, 22) database at each
participating institution and uploaded to Sage Bionetworks for aggre-
gation across institutions. A detailed description of the data processing
and quality assurance pipeline has been published previously (12).

Statistical analyses
Descriptive statistics were used to summarize patient and cancer

characteristics, including treatment regimens received. If a patient had
multiple NSCLC diagnoses with associated genomic sequencing, the
earliest was selected for analysis. Patient characteristics were descrip-
tively compared with large phase III, practice-changing trials without
molecular eligibility criteria for NSCLC [JMDB (23), KEYNOTE-
189 (24), and KEYNOTE-042 (25)].

Survival analyses were performed to assess the association between
genomic alterations with overall survival (OS) and progression-free
survival (PFS) by treatment received: patients who received first-line
platinum chemotherapy regimens (excluding regimens containing
pembrolizumab, targeted therapies, or investigational agents), first-
line EGFR tyrosine kinase inhibitors (TKI), or second-line and later
single-agent ICI. For patients treated with second-line or later ICI
therapy, TMB was quantified across gene panels. Unadjusted TMB
values based on the number of nonsynonymous mutations per mega-
base (Mb) of genome covered were transformed to standardized z-
scores within each sequencing panel using a power transformation to
convert right-skewed TMB distributions to normal distributions (26).
Samples that were sequenced on hotspot panels were excluded
from analyses of TMB because the mutation rate is not reflective of
the actual TMB; samples that were the sole sample sequenced on a
panel were also excluded because it was not possible to normalize TMB
across one sample.

Four definitions of real-world PFS from the start of a cancer-
directed regimen are derived from the PRISSMM data model (19):
(i) PFS-imaging (PFS-I; time to disease worsening documented in an
imaging report or death), (ii) PFS-medical oncologist (PFS-M, time to
first indication of disease worsening in medical oncologist note or
death), (iii) PFS-I-or-M (time to first indication of disease worsening
documented in an imaging report or medical oncologist assessment,
whichever is earliest, or death), and (iv) PFS-I-and-M (time to the
latter of disease worsening that was documented in both an imaging
report and medical oncologist assessment or death). Patients without
progression were censored at the start of a subsequent cancer-directed
regimen, if applicable, or on the last known alive date in the absence of
a subsequent regimen. On the basis of prior work examining the
PRISSMM PFS endpoints as candidate surrogate outcomes for OS,
PFS-I-and-M was used for the primary analyses because it demon-
strated the strongest correlation with OS; analyses of PFS-I, PFS-M,
and PFS-I-or-M are shown in the supplement (19). PFS endpoints
were restricted to patients who did not progress prior to the NGS
report date. PFS endpoints were reported among patients with
advanced disease (i.e., de novo stage IV disease and patients diagnosed
with stage I–III disease who later developed distant metastasis, where
the anatomic site of distant metastasis was defined using ICD-O-3
codes from an imaging or pathology report).

Time to next treatment (TTNT) was defined as the time from the
start of a drug regimen to the next treatment, last known alive date, or
death. Receipt of a subsequent treatment (for any cancer, if applicable)
and death were considered events; patients without an event were
censored at the last known alive date.

Kaplan–Meier estimates and log-rank tests were used to explore
univariable associations between genomic alterations and time-to-
event endpoints. Multivariable Cox proportional hazards models were
fit adjusted for stage at diagnosis (I–III vs. IV), age at diagnosis (years),
smoking status (current, former, never smoker), and time from
regimen start to NGS report date (months). Survival analyses account
for the left truncated nature of the data, entering patients into the risk
set at the time of their NGS report date (27). Note that given the left
truncated nature of the data, the risk table may show an increasing
number of patients at risk due to patients entering the risk set at the
time of genomic sequencing report. In the case that a patient’s first
index cancer diagnosis was associated with multiple NGS reports, the
earliest sequencing report was selected. Patients whose sequencing
reports were returned postmortem or after the last known alive date
were excluded from all time-to-event analyses. Median survival [95%
confidence interval (CI)] estimates and HRs (95% CI) are reported.

The analyses presented in this article were facilitated by the cbio-
portalR and genieBPC R packages. cbioportalR utilizes the cBioPortal
API to pull data into R from cBioPortal databases. The genieBPC R
package, developed by the GENIE BPC Statistical Coordinating Cen-
ter, establishes an infrastructure for downloading theGENIE BPCdata
from Synapse into R, processing the data to build an analytic cohort,
and visualizing the drug regimen data using a sunburst plot. Both
packages are available on CRAN (28). Analyses were performed in R
version 4.1.0 (29).

Data availability
The GENIE BPC NSCLC 2.0-public data release is available for

download at https://www.synapse.org/#!Synapse:syn27056172/wiki/
616601. The data can be downloaded after creating a free online
account.

Results
Clinical landscape

Baseline patient characteristics for the 1,846 patients are noted
in Table 1. Baseline patient characteristics of the GENIE BPC cohort
were compared with patients enrolled in three contemporaneous
practice-changing, phase III NSCLC clinical trials without genomic
marker eligibility criteria [JMDB (30), KEYNOTE-189 (24), and
KEYNOTE-042 (25); Supplementary Table S2]. The GENIE BPC
cohort features a higher proportion of women compared with all
three clinical trials (58% vs. 29%–41%) and more Black patients than
all three clinical trials combined (n ¼ 95 vs. 73).

The most common systemic therapies received by patients in the
cohort were platinum-based combination chemotherapies (e.g., 21%
of patients treated with carboplatin with pemetrexed, 10% of patients
treated with cisplatin and pemetrexed; Supplementary Table S3). The
most frequent ICI monotherapies received were nivolumab (14%) and
pembrolizumab (9%). Serial treatments patients with stage IV disease
are visualized graphically (Fig. 1A). A median of nine medical
oncology notes, 14 imaging reports, and four pathology reports were
reviewed per patient, highlighting the broad scope of clinical charac-
terization for this cohort of patients (Supplementary Table S4).

Genomic landscape
Nearly half (44%) of patients in the cohort harbored an oncogenic

alteration for which there are either FDA approved or National
Comprehensive Cancer Network (NCCN) (31) recommended ther-
apies, with alterations in EGFR (20%) andKRASG12C (13%) themost
frequently observed (Fig. 1B). In addition to 18% of patients carrying
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KRAS non-G12C driver alterations (which have no approved targeted
therapies), 38% of patients had no identifiable druggable target.
Among patients without identifiable drug targets, alterations in TP53
(67%), STK11 (15%), and CDKN2A (12%) were frequent. By sorting
NSCLC according to histology and smoking status, we visualize the
enrichment of oncogenic alterations in KRAS, TP53, STK11, and
KEAP1 in adenocarcinoma tumors frompatients with former smoking
histories compared with enrichment for oncogenic driver alterations
in EGFR, ALK, ROS1, and RET in those without smoking history
(Fig. 1C). A paucity of targetable oncogenic drivers is also observed in
tumors with squamous histology.

The range of clinical characteristics and inclusion of curated sites
of disease enables exploration of genomic alterations by a range
of features. As an example, in Fig. 1D is shown the prevalence
of common oncogenic driver alterations (EGFR, KRAS, fusion
alterations, and others) in the most frequent sites of metastases,

which are annotated for 797 patients diagnosed with de novo stage
IV NSCLC. Oncogenic driver alterations in EGFR were found in
35% of pleural metastases, compared with 13% of subcutaneous
metastases, where KRAS alterations were found in 33% of samples
with subcutaneous metastases.

A subset of patients (n ¼ 143, 8%) had multiple NGS tests,
facilitating identification of genomic alterations acquired with the
selective pressures of treatment. In the cBioPortal interface, allele
frequencies of mutations over time can also be tracked. We highlight
the longitudinal case of a patient to demonstrate how intrapatient
genomic evolution can be traced using the single-patient view in
cBioPortal (Fig. 2A). The patient (GENIE-DFCI-004022) was initially
diagnosed with stage IV lung adenocarcinoma with EGFR L858R
mutation and briefly treated with carboplatin and pemetrexed before
starting erlotinib. The tumor acquired in stepwise fashion an EML4-
ALK fusion on erlotinib followed by a second-site ALK G1202R
resistance mutation during subsequent crizotinib therapy.

Alterations that are potentially acquired posttreatment can be
identified by comparing genomic profiles for samples collected before
and after specific treatments using cBioPortal. Among patients treated
with erlotinib, 138 samples taken from 132 patients before receipt of
erlotinib and 99 tumor samples from 90 patients obtained post-
erlotinib are available; among these, 24 patients had paired NGS
performed both pre- and post-erlotinib while the remainder are
unpaired. Analysis of pre- and post-erlotinib samples demonstrates
enrichment for second-site EGFR alterations (T790M, C797S),
oncogenic fusions (ALK, NRG1, ROS1, and BRAF) and MET ampli-
fication after erlotinib treatment, which are known mechanisms of
resistance to erlotinib (ref. 32; Fig. 2B). Similarly, NGS data are
available on 80 samples taken before receipt of crizotinib from 67
patients and 25 samples taken after receipt of crizotinib from 22
patients, amongwhich 7 patients had pairedNGS performed both pre-
and post-crizotinib. Comparison of the samples demonstrates enrich-
ment for the analogous gatekeeper mutations in ROS1 (G2302R) and
ALK (G1202R) after treatment (Fig. 2C). Such exploration can
facilitate discoveries of new mechanisms of acquired resistance to
available treatments.

Assessing the impact of genomic characteristics on survival
Somatic alterations can impact patient outcomes with systemic

treatments that lack genomic selectivity, such as chemotherapy or
immunotherapy. STK11 and KEAP1 comutations in KRAS-mutant
NSCLC are known to influence survival during treatment with
ICI (33, 34), but their impact on survival during platinum chemo-
therapy treatment is not well described. Patients who received first-line
platinum chemotherapy harbored the following: KRAS alone (n ¼
113),KRAS and STK11 (n¼ 31),KRAS andKEAP1 (n¼ 4),KRAS and
STK11 and KEAP1 (n ¼ 8). Median OS from start of regimen was
16.6 months (95% CI, 13.3–26.5 months), 9.3 months (95% CI, 5.3–
19.5 months), 7.9 months (95%CI, 3.0–not reached), and 10.8 months
(95% CI, 5.1–not reached), respectively (Fig. 3A). However, neither
OS nor PFS was statistically significantly different between the groups
(Supplementary Fig. S1A–S1E). Similarly, across both KRAS-mutant
and KRAS-wild-type patients treated with first-line platinum chemo-
therapy, STK11 and KEAP1 mutations were not significantly associ-
ated with prolonged OS or PFS (Fig. 3B, P ¼ 0.07). Median OS was
19.1 months (95% CI, 16.7–24.9), 12.7 months (95% CI, 7.2–20.5),
20.0months (95%CI, 7.8months–not reached), and 18.5months (95%
CI, 10 months–not reached), respectively, for patients with STK11-wt/
KEAP1-wt (n ¼ 364), STK11 (n ¼ 50), KEAP1 (n ¼ 17), and STK11/
KEAP1 (n ¼ 12) mutations. There was also no association

Table 1. Patient and cancer characteristics.

Characteristics
GENIE BPC
n ¼ 1,846, n (%)

Age at diagnosis
Median (range) 65 (18–88)

Sex
Female 1,064 (58)
Male 782 (42)

Race
White 1,541 (83)
Asian 120 (7)
Black 95 (5)
Other 31 (2)
Unknown 59 (3)

Ethnicity
Non-Spanish, non-Hispanic 1,733 (94)
Spanish/Hispanic/Latino NOS 12 (1)
Unknown 101 (5)

Smoking status
Current smoker 258 (14)
Former smoker 1,166 (63)
Never smoker 419 (23)
Unknown 3 (<1)

Histology
Adenocarcinoma 1,150 (62)
Squamous cell 171 (9)
Other histology 268 (15)
Unknown 257 (14)

Stage at diagnosis
I 499 (27)
II 176 (10)
III 359 (19)
Stage I–III NOS 12 (<1)
IV 797 (43)
Unknown 3 (<1)

Distant metastases postdiagnosisa 583 (56)
Concurrent cancer diagnoses

One NSCLC diagnosis 1,307 (71)
Multiple cancer diagnoses 539 (29)

Institution
DFCI 696 (38)
MSKCC 869 (47)
UHN 55 (3)
VICC 226 (12)

Abbreviation: NOS, not otherwise specified.
aPercentage reported among individuals diagnosed with stage I–III disease.
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between STK11/KEAP1 mutation status with PFS (Supplementary
Fig. S2A–S2E).

To evaluate the prognostic implications of TP53 comutations in
EGFR-mutant lung cancer, for which previously reported findings
have been inconsistent (35–37), we examined the impact of TP53
comutations on patients withEGFR sensitizing alterations treatedwith
first-line, first- or second-generation EGFR TKI monotherapy. There
were 124 patients treated with erlotinib (n¼ 99), afatinib (n¼ 16), or
gefitinib (n ¼ 9). Of these, 71 had TP53/EGFR comutations, 37 only
had EGFR sensitizing alterations, and 16 had unknown EGFR/TP53
mutation status. Median overall survival on first-line EGFR TKI was
50.3mo (95%CI, 39.0–not reached) for patients with EGFR sensitizing
alterations alone compared with 27.6 months (95% CI, 20.8–35.3) for
patients with TP53 comutations (Fig. 3C). In multivariable analysis,
TP53mutation status was associated with worse OS (HR, 2.52; 95%CI,
1.39–4.57; P < 0.01) adjusted for stage at diagnosis, age, smoking
history, and time between diagnosis and NGS.

Pembrolizumab has a tumor-agnostic FDA approval for patients
with high TMB (≥10 mutations/Mb; ref. 38). High TMB has not been
shown to be associated with improved OS in prospective clinical trials
of ICI in patients with NSCLC (39), although meta- and retrospective
analyses have suggested an association between TMB and survival on
ICI treatment in NSCLC (40, 41). In univariable analysis, TMB z-score

was associated with OS during second-line and later ICI treatment
(HR, 0.85; 95% CI, 0.74–0.98; P¼ 0.03; n¼ 247) and with PFS-I- and-
M (HR, 0.81; 95% CI, 0.70–0.94; P ¼ 0.006). In multivariate analysis,
adjusting for stage at diagnosis, age at diagnosis, smoking status, line of
therapy, and time between diagnosis andNGS, the association between
TMB z-score and PFS-I-and-M remained significant (HR, 0.84; 95%
CI, 0.72–0.98; P ¼ 0.03).

Real-world survival on standard therapies
As a large-scale dataset of patients from multiple institutions, the

detailed curation available in the GENIE BPC dataset presents
opportunities for real-world estimates of survival that may be
used to answer questions ranging from patient-oriented (“how long
do patients derive benefit from these treatments?”) to outcomes
research assessing the efficacy-effectiveness gap for cancer thera-
peutics outside of trial settings (1). As proofs of principle, we
provide here OS and PFS I-and-M estimates for several common
treatments for NSCLC.

At the time whenmany patients in the GENIE BPC cohort received
first-line treatment, platinum-doublet chemotherapy without immu-
notherapy was the preferred first-line treatment for patients with
advanced NSCLC, with the exception of patients with oncogenic
drivers who receive first-line matched targeted therapies (31). In the
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Landscape of GENIE BPC NSCLC cohort. A, Treatments: Cancer-directed treatment regimens received are depicted using a sunburst plot, where the innermost ring
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that the proportion of patients with a given treatment trajectory is easily visualized. Regimen line was defined as the order of the regimen given after the date of
metastasis (i.e., a first-line regimen is the first regimen given following a de novo stage IV lung cancer diagnosis, or the first regimen given following evidence of
distant metastasis for a patient diagnosedwith stage I–III disease). B,Genomics of NSCLC. Distribution of oncogenic drivers in the cohort, with description to the left
highlighting the most frequent alterations in samples without an identified driver. C, Graph of notable targetable and nontargetable alterations. Only oncogenic or
likely oncogenic alterations are included. Patients are filtered according to histology and smoking history, shown at top of plot.D, Sites of disease; 797 samples out of
1,846 are annotated with sites of metastatic disease at diagnosis. Chemo, chemotherapy; TT, targeted therapy.

Choudhury et al.

Clin Cancer Res; 29(17) September 1, 2023 CLINICAL CANCER RESEARCH3422



GENIE BPCdataset, 511 patients received a first-line regimen contain-
ing either cisplatin or carboplatin without concurrent pembrolizumab,
targeted therapies, or investigational agents for the treatment of
metastatic NSCLC. A total of 154 patients (30%) were initially stage

I–III and later developed metastatic disease and 357 patients (70%)
initially were diagnosed as stage IV. The most common treatments
given were carboplatin and pemetrexed (n ¼ 183, 36%), carboplatin,
pemetrexed, and bevacizumab (n ¼ 74, 14%), carboplatin and
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Figure 3.
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paclitaxel (n¼ 62, 12%), and cisplatin and pemetrexed (n¼ 61, 12%).
Median OS from start of regimen was 17.4 months (95% CI, 14.9–
19.5 months; Fig. 4A); median PFS I-and-M was 9.1 months (95% CI,
7.5–10.7 months; n ¼ 340; Fig. 4B).

The most common second-line and later treatments received in
the GENIE BPC cohort were ICI or docetaxel with or without
ramucirumab. These were the preferred second-line treatments at
the time following a series of landmark trials comparing single-
agent anti-PD-(L)1 antibodies with docetaxel (31, 42–44). In total,
289 patients received ICI in the second-line or later setting and did
not receive ICI in the first-line setting: nivolumab (n ¼ 175),
pembrolizumab (n ¼ 73), atezolizumab (n ¼ 39), durvalumab
(n ¼ 2). Median OS was 9.2 months (95% CI, 7.5–
11.3 months; Fig. 4C) and median PFS I-and-M was 3.6 months
(95% CI, 2.8–4.9 months; n ¼ 263; Fig. 4D). A total of 141 patients
received second-line docetaxel (n ¼ 76 docetaxel, n ¼ 65 docetaxel
and ramucirumab). Median OS was 6.4 months (95% CI, 5.1–
8.1; Fig. 4E) and median PFS-I-and-M was 3.6 months (95% CI,
2.7–4.7 months; n ¼ 119; Fig. 4F).

Comparison of real-world outcome measures to RECIST
Real-world PFS estimated by PFS-I, PFS-I-and-M, PFS-M, and PFS-

I-or-M may differ by months, with unclear implications for clinical
practice (Supplementary Fig. S3A–S3C). For patients treatedwithfirst-
line platinum chemotherapy, median PFS-I-or-M is 5.3 months
(95% CI, 4.3–6.3) while the median PFS I-and-M is 9.1 months

(95% CI, 7.5–10.7; Supplementary Fig. S3A). We sought to describe
how real-world PFS (rwPFS) using the PRISSMM framework and PFS
by RECIST compare. A total of 156 patients diagnosed with advanced
disease and treatedwith ICI in theGENIEBPCNSCLC cohort also had
RECIST measurements available. Median PFS-I, PFS-M, PFS-I-or-M,
and PFS-I-and-M from initiation of ICIwere 2.2months (95%CI, 1.7–
2.6), 3.6 months (95% CI, 2.4–5.7), 1.7 months (95% CI, 1.3–2.3), and
4.9 months (95% CI, 3.5–12), respectively, while median PFS-RECIST
was 2.5 months (95% CI, 2.2–2.8; Fig. 5A).

We further hypothesized that PFS-I would closely align with TTNT,
as medical oncologists would likely change treatment when imaging
indicates disease growth. However, oncologists may tolerate disease
progression for patients on targeted therapies longer than patients
treated with chemotherapy, due to perceived tolerance and clinical
benefit of oral targeted therapies. To examine this, we estimated PFS-I
and TTNT for patients with EGFR, ALK, ROS1, RET, and MET
oncogenic drivers treated with first-line targeted therapies to
patients without these drivers treated with first-line chemotherapy.
There were 438 patients without oncogenic drivers treated with first-
line chemotherapy and 165 patients treated with erlotinib (n ¼ 94),
crizotinib (n ¼ 25), osimertinib (n ¼ 17), afatinib (n ¼ 15), gefitinib
(n ¼ 7), alectinib (n ¼ 7). Patients who progressed or began a new
treatment regimen prior to undergoing NGSwere excluded from these
analyses (n¼ 204). Patients treated with chemotherapy had a median
PFS-I of 5.6 months (95% CI, 4.4–6.8 months) and a TTNT of
6.2 months (95% CI, 5.3–7.1 months; Fig. 5B); patients with drivers

Figure 4.

Real-world survival estimates.A,OS for all patients treatedwith first-line platinum-containing chemotherapy regimens after metastatic index lung cancer diagnosis.
B, PFS imaging-and-medical oncology (PFS I-and-M) for all patients treated with first-line platinum-containing chemotherapy. A total of 179 patients were excluded
because of disease progression prior to sequencing test performed.C,OS for all patients treatedwith second-line or higher ICIs.D,PFS I-and-M for all patients treated
with second-line or higher ICI E. OS for all patients treated with second-line or higher docetaxel-containing regimens. F, PFS I-and-M for all patients treated with
second-line or higher docetaxel.

Choudhury et al.

Clin Cancer Res; 29(17) September 1, 2023 CLINICAL CANCER RESEARCH3424



treated with targeted therapies had amedian PFS-I of 8.6months (95%
CI, 7.3–10.1 months) and a median TTNT of 11.3 months (95% CI,
10.0–13.6 months; Fig. 5C). In addition to prolonged PFS for first-line
targeted therapies, these greater differences between TTNT and PFS-I
suggest a potential pattern of clinicians maintaining patients on first-
line targeted therapies beyond radiographic disease progression.

Discussion
In this work, we introduce the GENIE BPC NSCLC cohort, the first

publicly released real-world dataset from the AACR GENIE BPC
project integrating standardized clinical curation with high-quality
genomic input.With data on over 2,000 sequenced samples from 1,846
patients, the dataset presents an opportunity to conduct translational
and real-world analyses of patients with NSCLC that has the potential
to yield novel insights and encourage new research directions.

We demonstrate that large-scale clinical curation combined with
tumor genomic data in a multilayered approach is feasible and allows
investigators to extend our understanding of the heterogeneous land-

scape of NSCLC. Genomic alterations enriched in specific patient
subsets, such as by histology or disease site, can be easily identified,
allowing for genomic characterization by site of metastasis. Detailed
curation of disease progression and treatment response facilitates
evaluation of how somatic alterations impact tangible patient out-
comes such as survival. Integration of treatment histories with geno-
mic features both at the intrapatient and interpatient level further
enables identification of genomic evolution throughout treatment for a
subset of patients with serial sequencing, presenting opportunities to
identify mechanisms of acquired resistance.

Estimates of real-world survival on standard therapies may inform
future research directions or establish survival benchmarks by which
investigational therapies may be evaluated. In several analyses, OS on
standard therapies estimated in the GENIE BPC cohort closely
approximated OS from large-scale clinical trials. In the GENIE BPC
dataset, median OS from start of platinum-based chemotherapy was
17.4 months. In the PARAMOUNT trial, which established mainte-
nance pemetrexed as standard of care following initial platinum-
pemetrexed doublet chemotherapy, median OS was 16.9 months

Figure 5.

Comparison of RECIST and real-world endpoints. A, rwPFS versus PFS-RECIST. rwPFS metrics are compared with PFS determined by RECIST for patients treated
with ICIs at MSKCC. B, Difference in TTNT and PFS-I for patients treated with first-line chemotherapy without oncogenic drivers. C, Difference in TTNT and PFS-I for
patients with targetable alterations (EGFR, ALK, ROS1, MET) treated with targeted therapies.

GENIE BPC NSCLC Cohort

AACRJournals.org Clin Cancer Res; 29(17) September 1, 2023 3425



(95% CI, 15.8–19.0 months; ref. 45). Similarly, median OS for patients
treated with ICI in the second-line or later setting in the GENIE BPC
cohort was 9.2 months, while median OS for patients with PD-L1
positive, previously treatedNSCLC treated with pembrolizumab in the
KEYNOTE-010 trial was 10.4 months (95% CI, 9.4–11.9 months;
ref. 46). Survival estimates can be calculated for patients for whom an
analogous clinical trial was not conducted and create a benchmark for
future analyses.

Furthermore, the PRISSMM data curation model for the GENIE
BPC standardizes the extraction of clinical data from the medical
record, developing a set of criteria with which to evaluate response to
treatments in a real-world setting. In a group of patients for whom
GENIE BPC curation and independent RECIST evaluation of radiol-
ogy outcomes were available, we demonstrate similarity between these
measures of treatment response (47). PFS I-and-M andPFS-M, both of
which require the medical oncology notes to indicate progressive
disease, were notably longer than imaging-only assessments of disease
progression (RECIST, PFS-I, and PFS-I-or-M), suggesting that med-
ical oncologists may attribute early disease growth on ICI to pseudo-
progression. Alternatively, radiology reportsmay note relativelyminor
increases in lesion size that are not considered clinically significant by
medical oncologists, who continue therapy. While these data support
the value of real-world endpoints, exploration is needed for other
systemic treatments to further understand whether outcomemeasures
typically used in prospective clinical trials and those used in obser-
vational datasets closely align.

There are limitations to our analyses and to how the data may be
used. Primarily, the patients in this cohortwere randomly selected from
a group of patients who already had a targeted subset of their tumor
genome sequenced.While targeted tumorDNA sequencingwas part of
the standard of care for patients with lung cancer during the period of
this study at the institutions involved, it is likely that this inclusion
criterion also introduces some bias in the group of patients available for
analysis. The data are drawn from patients treated at four academic
medical centers in North America, which is likely associated with a
variety of referral biases. In addition, while each patient has a record of
sequencing data, some oncogenic drivers, including EGFR and onco-
genic fusions, may have been identified using other diagnostic tech-
niques. In these cases, patientsmay have had other sequencing, IHC, or
FISH testing not reported in the dataset that prompted initiation or
change in therapy. Locoregional treatment, including radiation and
surgery, and performance status measures are also not captured in the
current dataset, potentially limiting the understanding of some
patient’s treatment courses and variations in outcomes. Further devel-
opment of the PRISSMM data model to incorporate these treatment
modalities is ongoing. In the statistical analyses shown here, several
subgroups feature small sample sizes, limiting the ability to make
formal comparisons adjusting for relevant confounding factors. TMB
z-scores, which aim to standardize TMB derived across gene panels, do
not correspond uniformly to equivalent TMB (i.e., TMB z-score of 0.17
corresponds to 11 mut/Mb using DFCI panel and 7 mut/Mb using
MSK-IMPACT; ref. 26), limiting the interpretations of high TMB.
Finally, analyses using any real-world data source should be rigorously
evaluated for potential selection bias and confounding.

In summary, the publicly released GENIE BPCNSCLC data present
a novel opportunity for clinicians and researchers to explore the
diverse landscape of NSCLC. The first of its kind, our dataset includes
larger numbers of patients with specific genomic alterations than are
available in most traditional randomized clinical trials, allowing it to
serve as an engine for hypothesis generation and to generate estimates

of treatment effectiveness in the real world. Such analyses will ulti-
mately improve outcomes for patients with NSCLC.
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