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ABSTRACT
Background. Companion diagnostic (CDx) testing for
patients with advanced non-small cell lung cancer (aNSCLC)
identiﬁes patients more likely to beneﬁt from biomarkerdriven treatments.
Methods. Patients with nonsquamous cell (non-Sq) aNSCLC
from the Flatiron Health database (diagnosed January
1, 2011–May 31, 2018) who had CDx testing were compared
with those who had no reported evidence of testing. The
association between CDx testing and overall survival was
evaluated by unadjusted and adjusted Cox proportional hazards regression models. Logistic regression analysis identiﬁed
characteristics associated with CDx testing. The revised modiﬁed Lung Cancer Prognostic Index and other factors identiﬁed a priori were included in the adjusted models.
Results. A total of 17,555 patients with non-Sq aNSCLC
(CDx, n = 14,732; no CDx, n = 2,823) with mean  SD age

of 67.2  10.0 years were included. Most were insured
(91.7%) and white (67.1%). Asian patients and those who
were never-smokers were more likely to undergo CDx testing. Those with CDx testing lived longer than those without (median [95% conﬁdence interval (CI)] survival, 13.04
[12.62–13.40] vs. 6.01 [5.72–6.24] months) and had a
decreased mortality risk (adjusted hazard ratio [95% CI],
0.72 [0.69–0.76]). A survival advantage was also seen for
patients with CDx testing who received biomarker-driven
ﬁrst-line therapy.
Conclusion. Patients with non-Sq aNSCLC who had CDx
testing had a greater survival beneﬁt than those without, supporting broader use of CDx testing in routine
clinical practice to identify patients more likely to
beneﬁt from precision medicine. The Oncologist
2020;25:e1743–e1752

Implications for Practice: Companion diagnostic (CDx) testing coupled with biomarker-driven treatment offers a greater
survival beneﬁt for patients with advanced non-small cell lung cancer (aNSCLC). In this study, patients with nonsquamous
aNSCLC from Flatiron Health, a large, real-world oncology database, with CDx testing had a reduced mortality risk and lived
longer than patients without reported evidence of CDx testing; those who received biomarker-driven therapy as their ﬁrst
line of treatment were likely to survive three times longer than those who did not. These results demonstrate the clinical
utility of CDx testing as the ﬁrst step in treating nonsquamous aNSCLC in real-world clinical practice.

INTRODUCTION
A tremendous need exists for improved diagnostic and
treatment approaches for patients with non-small cell lung
cancer (NSCLC), which has an estimated 5-year survival rate
of 22.7% for all stages and 5.5% among patients with

advanced disease [1], including distant metastases to the
contralateral lymph nodes (i.e., stage IIIB) or to other parts
of the body (stage IV) [2–4]. Lung cancer is the most commonly diagnosed malignancy and the leading cause of cancer-
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related deaths in the world [5]. In the U.S. alone, an estimated
228,150 new cases of lung cancer will be diagnosed in 2019,
resulting in an estimated 142,670 deaths, which is more than
the number of deaths resulting from breast, prostate, colorectal, and bladder cancers combined [6].
Traditional oncology treatment paradigms typically apply
the same therapeutic regimen to patients with the same disease [7]. In contrast, a precision medicine approach involves
having a patient undergo companion diagnostic (CDx) testing to
identify speciﬁc molecular targets, which can aid in selecting
biomarker-driven treatments, such as targeted therapy and
cancer immunotherapy, that have a higher likelihood of success
[8] while avoiding those that have an increased toxicity risk or
lack efﬁcacy [7]. A predominant subtype of NSCLC is adenocarcinoma, with a molecular abnormality, such as ALK receptor tyrosine kinase (ALK), B-Raf proto-oncogene, serine/threonine
kinase (BRAF), epidermal growth factor receptor (EGFR), KRAS
proto-oncogene, GTPase (KRAS), MET proto-oncogene, receptor tyrosine kinase (MET), and ROS proto-oncogene 1, receptor
tyrosine kinase (ROS1), being present in approximately 50% of
metastatic NSCLC tumors [9, 10]. For some molecular abnormalities, a biomarker-driven therapy is available and could be
used [9, 10], and for programmed cell death 1 ligand 1 (PD-L1)
expression, immunotherapy may be a recommended treatment approach [11]. The National Comprehensive Cancer Network and the College of American Pathologists, International
Association for the Study of Lung Cancer, and Association for
Molecular Pathology guidelines recommend molecular testing
[12, 13], and previous retrospective analyses have demonstrated that a precision medicine approach may help improve
the overall survival rate in patients with advanced cancer [14,
15]. However, more clinical utility evidence assessing the use of
various CDx testing is needed to support payer reimbursement,
especially in community settings where 85% of patients with
cancer are treated [9, 14]. The objective of this study was to
evaluate the testing patterns and outcomes associated with
overall CDx testing in real-world clinical practice.

MATERIALS AND METHODS

Use of Companion Diagnostics in Advanced NSCLC
(n = 48,857). The date of advanced diagnosis was deemed the
same date of initial diagnosis if the patient was initially identiﬁed
as having advanced and/or metastatic disease. Otherwise, the
date of ﬁrst recurrence or progressive disease determined the
advanced and/or metastatic date using the following hierarchy:
pathology report biopsy specimen collection date, physicianreported biopsy date, radiology scan date with physician conﬁrmation of recurrence or progressive disease, physician-reported
advanced diagnosis date, or deﬁnitive surgery date of recurrence or progressive disease site.
Of 48,857 patients with aNSCLC in the Flatiron Health database, a total of 31,302 were excluded from the analysis for the
following reasons: <18 years of age (n = 1) or histology other
than nonsquamous (non-Sq) cell (n = 15,114); no visit activity
within 120 days of diagnosis or the start of the ﬁrst line of
treatment was >120 days (n = 2,891); invalid CDx test results
(n = 560) or CDx test was performed prior to diagnosis
(n = 2,124); exclusion was treatment related (n = 10,416);
biomarker-driven treatment was received before diagnosis
(n = 116); or, for those who died, the date of death was on or
before the start of the ﬁrst line of treatment (n = 80; Fig. 1). A
total of 17,555 eligible patients with non-Sq aNSCLC were classiﬁed into one of two groups: patients who had any actionable
CDx test for one of four driver mutations (ALK, BRAF, EGFR, or
ROS1 positive or negative) and/or PD-L1 expression (high, low,
or negative) captured by Flatiron (CDx group; n = 14,732) and
those who did not have reported evidence of testing, including
those with no CDx test or testing status unknown (no-CDx
group; n = 2,823). Comorbid conditions in eligible patients were
diagnosed based on the International Classiﬁcation of Diseases,
Ninth and Tenth Revisions criteria [17, 18]. The index date was
identiﬁed as the start of the ﬁrst line of treatment, deﬁned as
the ﬁrst eligible administration of a therapy which could potentially begin 14 days prior to the aNSCLC diagnosis date. The end
of follow-up was either deﬁned as the date of death or, for all
others, a 90-day activity window prior to the Flatiron data cutoff was implemented: if there was a visit within the activity
window (e.g., laboratory tests, treatment, vitals), the end of
follow-up was the Flatiron data cutoff (May 31, 2018); otherwise, the end of follow-up was the last visit date. Study design
details are shown in Figure 2.

Patients and Follow-Up
We evaluated the clinical value of CDx testing in the real
world using the Flatiron Health database [16], a nationwide,
longitudinal, demographically and geographically diverse database derived from deidentiﬁed electronic health record (EHR)
data from approximately 2.2 million patients with cancer
undergoing treatment at more than 280 oncology clinics in
the U.S. The Flatiron Health database consists of predominantly community-based clinics (although academic centers
are actively being integrated) and is updated monthly, allowing for patients to be followed up over several years from
the initial cancer diagnosis. In our study, CDx testing included
the ﬁrst CDx after advanced diagnosis.
Prior to study conduct, institutional review board approval
of the study protocol was obtained and included a waiver of
informed consent from the Copernicus Group. This retrospective
analysis included patients from the Flatiron Health database
who were diagnosed with advanced (stage IIIB or IV) NSCLC
(aNSCLC) between January 1, 2011, and May 31, 2018

Study Objectives
The primary objective of this study was to evaluate overall
survival and risk of mortality in patients with non-Sq
aNSCLC who had CDx testing versus those who did not; the
secondary objective was to identify factors associated with
a greater likelihood of CDx testing use. The overall survival
probability for patients in the CDx group who received
biomarker-driven therapy, such as targeted therapy and
cancer immunotherapy, as the ﬁrst line of treatment versus
those in the no-CDx group and for patients who had their
ﬁrst CDx prior to the ﬁrst line of treatment were also
assessed in subgroup analyses.

Statistical Analysis
Demographic and clinical characteristics were summarized
overall as well as in both patient groups using descriptive
statistics, and between-group comparisons were conducted
using χ2 and independent t tests. Overall survival,
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aNSCLC diagnosis as of
May 31, 2018
(June 2018 Flatiron data cutoff)
Excluded patients (n = 31,302)

n = 48,857

Eligible for analysis
n = 17,555

CDx group
n = 14,732

• Age (<18 years) (n = 1)
• Histology other than nonsquamous cell carcinoma
(n = 15,114)
• No activity within 120 days of diagnosis or start of
first line of treatment was >120 days (n = 2,891)
• Invalid CDx results (n = 560)
• Valid CDx test* before diagnosis (n = 2,124)
• Biomarker-driven treatment† before diagnosis
(n = 116)
• Treatment-related exclusion‡ (n = 10,416)
• Date of death was on or before the start of the first
line of treatment (n = 80)

No-CDx
group
n = 2,823

Figure 1. Study attrition. *, Epidermal growth factor receptor
(EGFR), anaplastic lymphoma kinase (ALK), ROS proto-oncogene 1
(ROS1), B-Raf proto-oncogene, serine/threonine kinase (BRAF),
programmed cell death 1 ligand 1 (PD-L1) positive or negative, or
PD-L1 expression high, low, or negative. †, Biomarker-driven
treatment included the following: Gilotrif (afatinib; Boehringer
Ingelheim Pharmaceuticals, Inc., Ridgeﬁeld, CT), Iressa (geﬁtinib;
AstraZeneca Pharmaceuticals LP, Wilmington, DE), Tarceva
(erlotinib; distributed by Genentech, Inc., A Member of the Roche
Group, South San Francisco, CA), Tagrisso (osimertinib;
AstraZeneca Pharmaceuticals LP, Wilmington, DE), Alecensa
(alectinib; distributed by Genentech, Inc., A Member of the Roche
Group, South San Francisco, CA), Xalkori (crizotinib; Pﬁzer Labs,
Division of Pﬁzer Inc, New York, NY), Zykadia (ceritinib; Novartis
Pharmaceuticals Corporation, East Hanover, NJ), Alunbrig
(brigatinib; Takeda Pharmaceutical Company Limited, Cambridge,
MA), Keytruda (pembrolizumab; Merck Sharp & Dohme Corp, a
subsidiary of Merck & Co., Inc., Whitehouse Station, NJ), Taﬁnlar
(dabrafenib; Novartis Pharmaceuticals Corporation, East Hanover,
NJ) in combination with Mekinist (trametinib; Novartis Pharmaceuticals Corporation, East Hanover, NJ), Zelboraf (vemurafenib;
distributed by Genentech, Inc., A Member of the Roche Group,
South San Francisco, CA), Opdivo (nivolumab; Bristol-Myers
Squibb Company, Princeton, NJ), Tecentriq (atezolizumab; Genentech, Inc., A Member of the Roche Group, South San Francisco,
CA), Imﬁnzi (durvalumab; AstraZeneca Pharmaceuticals LP, Wilmington, DE), or Bavencio (avelumab; EMD Serono, Inc.,
Rockland, MA). ‡, Treatment-related exclusions included the following: no evidence of treatment after aNSCLC diagnosis
(n = 9,512), received treatment with HER2 inhibitors in any line
of therapy at any time (n = 22), received any biomarker-driven
treatment in any line of therapy among patients without CDx
testing (n = 882), or received biomarker-driven treatment before
the ﬁrst CDx test among patients with CDx testing (n = 0).
Abbreviations: aNSCLC, advanced non-small cell lung cancer; CDx,
companion diagnostic.

Advanced
diagnosis

CDx test
(CDx group only)

First line of
treatment

Index date

determined using mortality as a validated endpoint in the
Flatiron database [19], was evaluated using Kaplan-Meier
analysis. Patients in both arms were followed up from the
start of the ﬁrst line of treatment (index date) until death
or the last activity date or study end, whichever occurred
ﬁrst. In the CDx arm, the ﬁrst line of treatment included
biomarker-driven and nontargeted therapy (e.g., chemotherapy, radiation, and immunotherapy); in the no-CDx
arm, the ﬁrst line of treatment included only nontargeted
therapy. The use of immunotherapy was not driven by PD-L1
status. Right censoring criteria were used such that patients
who had activity within 90 days of the May 31, 2018, data
cutoff were censored on that date, whereas patients who
had their last activity prior to this window were censored at
the last activity date. The Kaplan-Meier analysis also evaluated overall survival in the following subgroups: (a) patients
in the CDx group who received biomarker-driven therapy as
the ﬁrst line of treatment versus those in the no-CDx group
and (b) for patients who had their ﬁrst CDx prior to the ﬁrst
line of treatment versus those with no CDx test.
An adjusted logistic regression analysis was performed to
identify characteristics associated with undergoing CDx testing using all patients treated in a community practice setting
(n = 16,501; Fig. 3). An adjusted Cox regression survival analysis was conducted using the entire cohort (n = 17,555) to
determine factors associated with increased risk of all-cause
mortality. A bivariate regression analysis was conducted prior
to the multivariate Cox regression analysis to determine the
effects of each factor associated with the outcome variable.
Unadjusted and adjusted Cox proportional hazards models
were used to determine the effect of confounders on the
outcome variable. Statistically signiﬁcant factors and ratios
with a ≥10% change were included in the multivariate model
as potential confounders.
Factors included a priori were based on a revised version of
the modiﬁed Lung Cancer Prognostic Index (LCPI) [20], a validated tool that uses readily available data in routine practice to
standardize baseline risk for patients with NSCLC. The original
LCPI included cancer stage, histology, mutation status, performance status, weight loss, smoking history, respiratory comorbidity, sex, and age as prognostic factors [20]. A modiﬁed
version (m-LCPI) was developed that excludes performance status (not often collected in routine clinical practice) and respiratory comorbidity (owing to the lack of consistency with which
these are reported) [20]. The analysis reported here includes a
revised m-LCPI that excludes weight loss (not consistently
recorded in clinical practice) and performance status (not often

End of
follow-up*

90-day activity window†

Figure 2. Study design. *, For deaths, the end of follow-up was the date of death. †, For all others, a 90-day activity window prior
to the Flatiron data cutoff was implemented: if there was a visit (e.g., laboratory tests, treatment, vitals) within the activity window,
the end of follow-up was the Flatiron data cutoff; otherwise, the end of follow-up was the last visit date.
Abbreviation: CDx, companion diagnostic.
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Point Estimate (95% CI)
Age, years: >65 vs <65

1.06 (0.97–1.17)

Sex, female vs male

1.25 (1.14–1.36)

Race
Black or African descent vs white
Asian vs white
Hispanic vs white
Other/missing vs white

1.00 (0.84–1.18)
2.55 (1.56–4.18)
0.99 (0.75–1.30)
0.79 (0.71–0.88)

Insured, yes vs no

1.07 (0.93–1.24)

ECOG performance status
ECOG 2–4 vs 0–1
ECOG missing vs 0–1

0.69 (0.58–0.81)
0.82 (0.74–0.90)

Smoking history
Yes vs no

0.35 (0.29–0.41)

Missing vs no

0.26 (0.18–0.37)

Initial stage
IIIB/IV vs 0–IIIA
NOS vs 0–IIIA

1.68 (1.47–1.92)
0.63 (0.47–0.84)

Region
Northeast vs Midwest
South vs Midwest
West vs Midwest
Missing vs Midwest

1.30 (1.13–1.50)
1.06 (0.94–1.20)
1.34 (1.15–1.57)
0.40 (0.28–0.56)

Respiratory comorbidity, yes vs no

1.04 (0.93–1.17)
2.00 (1.76–2.28)
2.49 (2.17–2.86)
3.45 (3.12–3.82)

Treatment received, first line only vs >1 line

0

1

Decreased
probability

2

3
4
Odds Ratio (95% CI)

5

6

7

Increased
probability

Figure 3. Likelihood of undergoing companion diagnostic testing among patients with nonsquamous advanced non-small cell lung
cancer treated in a community practice setting. All variables were mutually adjusted for each other.
Abbreviations: CI, conﬁdence interval; ECOG, Eastern Cooperative Oncology Group; NOS, not otherwise speciﬁed.

collected in routine clinical practice and because of the large
proportion of patients with missing Eastern Cooperative Oncology Group [ECOG] scores) from the analysis while including the
following factors: cancer stage, histology, smoking history, respiratory comorbidity, sex, age, and mutation status [21]. Using
the revised m-LCPI, patients were identiﬁed as having “no
proven actionable mutation” based on EGFR/ALK/ROS1–
negative mutation status, whereas the LCPI was developed
prior to the availability of targeted therapies for ROS1 and
therefore does not include this mutation. PD-L1 was not
included in either the LCPI or m-LCPI because it is a predictive
biomarker, whereas the rest are prognostic factors, but it was
included as a confounder. All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc, Cary, NC).

RESULTS
Baseline Characteristics of the Patient Population
A total of 17,555 patients with non-Sq aNSCLC (CDx, n = 14,732
[83.9%]; no CDx, n = 2,823 [16.1%]) and a mean  SD age at
diagnosis of 67.2  10.0 years were included in the analysis
(Table 1). Overall, patients were mostly white (67.1%) and had
insurance (91.7%). Signiﬁcant between-group differences
(p < .01) were observed in all baseline demographic, disease,
and clinical characteristics, including m-LCPI components and
index scores (Table 1). For example, in the CDx group, a lower
proportion of men were tested (48.6% vs. 56.1% in the no-CDx
group), a greater proportion of patients had insurance (92.7%

vs. 86.5% in the no-CDx group), and there was a larger proportion of never-smokers (18.1% vs. 5.7% in the no-CDx group).
In this study, a higher proportion (62.2%) of patients with
non-Sq aNSCLC received their ﬁrst CDx testing in 2014–2018,
compared with 21.7% of patients in 2011–2013; a similar
trend was observed for PD-L1–only testing (29.4% in
2014–2018 vs. 1.0% in 2011–2013). Most (53.6%) received a
ﬁrst CDx test for ALK, BRAF, EGFR, or ROS1 mutations (without PD-L1), whereas only 0.9% received PD-L1 only and
29.4% had a PD-L1 test in addition to the other biomarkers.
Overall, 30% of patients had positive test results for any
of the biomarkers, including PD-L1, and 9.1% were positive
for PD-L1 only. Patient-level testing patterns demonstrated
that 93.4% were tested for EGFR (n = 13,767), 86.0% for
ALK (n = 12,671), 43.5% for ROS1 (n = 6,410), 28.4% for PDL1 (n = 4,182), and 25.5% for BRAF (3,757). Testing for any
biomarker occurred within 30 days from the aNSCLC diagnosis date for 72.2% of patients; 35.6% were tested more
than 30 days from diagnosis. The median time from diagnosis to the ﬁrst biomarker test was 19.0 (interquartile range,
10.5–33.0) days.
The median (interquartile range) time to start of ﬁrst
line of treatment following the advanced diagnosis was
33 (21–49) days. A greater proportion of patients in the
CDx group (49.4%) received more than one line of therapy
than in the no-CDx group (24.9%); approximately 75.9% of
patients in the CDx group had received their CDx test
result before or at the start of the ﬁrst line of treatment
(Table 1).
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Table 1. Patient baseline characteristics
All Patients With
non-Sq aNSCLC
(n = 17,555)

Characteristic
Baseline demographics
Age, mean (SD), yr
Sex, n (%)
Male
Female
Race or ethnicity, n (%)

67.2 (10.0)

Patients with
CDx testing
(n = 14,732)
67.1 (10.2)

Patients without
CDx Testinga
(n = 2,823)

p valueb

67.4 (9.2)
<.01

8,740 (49.8)
8,815 (50.2)

7,157 (48.6)
7,575 (51.4)

1,583 (56.1)
1,240 (43.9)
<.01

White
African descent
Asian
Hispanic or Latino
Other
Unknown
Insurance, n (%)
Yes

11,780 (67.1)
1,403 (8.0)
494 (2.8)
640 (3.6)
1,213 (6.9)
2,025 (11.5)

9,937 (67.5)
1,178 (8.0)
476 (3.2)
549 (3.7)
1,030 (7.0)
1,562 (10.6)

1,843 (65.3)
225 (8.0)
18 (0.6)
91 (3.2)
183 (6.5)
463 (16.4)

16,094 (91.7)

13,653 (92.7)

2,441 (86.5)

1,461 (8.3)

1,079 (7.3)

11,656 (66.4)
5,899 (33.6)

9,371 (63.6)
5,361 (36.4)

2,285 (80.9)
538 (19.1)

5,375 (30.6)
12,180 (69.4)

3,818 (25.9)
10,914 (74.1)

1,557 (55.2)
1,266 (44.8)

2,824 (16.1)
14,539 (82.8)
192 (1.1)

2,664 (18.1)
11,944 (81.1)
124 (0.8)

160 (5.7)
2,595 (91.9)
68 (2.4)

<.01

No
Baseline disease and clinical characteristics
Death, n (%)
Yes
No
Year of advanced diagnosis, n (%)
2011–2013
2014–2018

382 (13.5)
<.01

<.01

Smoking history, n (%)
No history of smoking
History of smoking
Missing
ECOG performance status at diagnosis, n (%)
0–1
2–4
Missing

<.01

<.01

Stage at initial NSCLC diagnosis, n (%)c
Early stage
Advanced stage
Missing
Year treatment initiated and line of therapy
Year ﬁrst line of treatment began, n (%)d
2011–2014
2015–2018

6,226 (35.5)
1,338 (7.6)
9,991 (56.9)

5,447 (37.0)
1,089 (7.4)
8,196 (55.6)

779 (27.6)
249 (8.8)
1,795 (63.6)

1,756 (10.0)
15,476 (88.2)
323 (1.8)

1,345 (9.1)
13,181 (89.5)
206 (1.4)

411 (14.6)
2,295 (81.3)
117 (4.1)

7,807 (44.5)
9,748 (55.5)

5,803 (39.4)
8,929 (60.6)

2,004 (71.0)
819 (29.0)

9,571 (54.5)
7,984 (45.5)

7,451 (50.6)
7,281 (49.4)

2,120 (75.1)
703 (24.9)

7,784 (44.3)
3,016 (17.2)
4,768 (27.2)
9,771 (55.7)

7,784 (52.8)
3,016 (20.5)
4,768 (32.4)
6,948 (47.2)

0
0
0
2,823 (100)

<.01

<.01

Patients receiving any therapy, n (%)
1 line (ﬁrst line) only
≥1 line
Patients receiving biomarker-driven therapy, n (%)e
Total
1 line only
≥1 line
None

<.01

–

(continued)
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Table 1. (continued)

Characteristic
First CDx testing in relation to start
of ﬁrst line of treatment, n (%)
Before or at start of ﬁrst line of treatment
After start of ﬁrst line of treatment
First CDx test result date missing
m-LCPI patient components and groups
Stage at initial diagnosis, n (%)f
LCPI points
I
0
II
2
IIIA
IIIB
IV
NSCLC NOS
No proven actionable mutation, n (%)g
Ever smoker, n (%)
Respiratory comorbidity, n (%)
Male, n (%)
Age group, years, n (%)
≤ 50
> 50–≤70
> 70–≤90
> 90
m-LCPI group
1
2
3
4

All Patients With
non-Sq aNSCLC
(n = 17,555)

Patients with
CDx testing
(n = 14,732)

Patients without
CDx Testinga
(n = 2,823)

11,183 (63.7)
3,549 (20.2)
2,823 (16.1)

11,183 (75.9)
3,549 (24.1)
0

0
0
2,823 (100)

p valueb
–

<.01
858 (4.9)
408 (2.3)

672 (4.6)
325 (2.2)

186 (6.6)
83 (2.9)

4
6
8
3
3
2
2
1

490 (2.8)
1,784 (10.2)
13,692 (78.0)
323 (1.8)
13,378 (76.2)
14,539 (82.8)
4,413 (25.1)
8,740 (49.8)

348 (2.4)
1,349 (9.2)
11,832 (80.3)
206 (1.4)
10,555 (71.6)
11,944 (81.1)
3,836 (26.0)
7,157 (48.6)

142 (5.0)
435 (15.4)
1,860 (65.9)
117 (4.1)
2,823 (100)
2,595 (91.9)
577 (20.4)
1,583 (56.1)

0
1
2
3

962 (5.5)
9,442 (53.8)
7,151 (40.7)
0

846 (5.7)
7,910 (53.7)
5,976 (40.6)
0

116 (4.1)
1,532 (54.3)
1,175 (41.6)
0

≤8
9–11

1,162 (6.6)
2,852 (16.2)

979 (6.6)
2,562 (17.4)

183 (6.5)
290 (10.3)

12–14
≥15

6,068 (34.6)
7,473 (42.6)

5,109 (34.7)
6,082 (41.3)

959 (34.0)
1,391 (49.3)

<.01
<.01
<.01
<.01
<.01

<.01

a

No reported evidence of testing.
The p value applies to the comparison between patients with CDx testing, deﬁned as the ﬁrst actionable CDx test for one of four driver mutations (ALK, BRAF, EGFR, or ROS1 positive or negative) and/or PD-L1 expression (high, low, or negative) and included subsequent CDx tests within
30 days of the ﬁrst test, versus those with no CDx testing.
c
Early stage includes occult, 0, I, IIA, IIB, and IIIA; advanced stage includes IIIB and IV; missing includes missing and III (A/B not indicated).
d
As per Flatiron line of therapy business rules, the ﬁrst line of treatment could potentially begin 14 days prior to aNSCLC diagnosis date; therefore, a patient diagnosed within the ﬁrst 2 weeks of January 2011 could have started their ﬁrst line of treatment in December 2010.
e
Biomarker-driven therapy included the following: Gilotrif (afatinib; Boehringer Ingelheim Pharmaceuticals, Inc., Ridgeﬁeld, CT), Iressa (geﬁtinib;
AstraZeneca Pharmaceuticals LP, Wilmington, DE), Tarceva (erlotinib; distributed by Genentech, Inc., A Member of the Roche Group, South San
Francisco, CA), Tagrisso (osimertinib; AstraZeneca Pharmaceuticals LP, Wilmington, DE), Alecensa (alectinib; distributed by Genentech, Inc., A
Member of the Roche Group, South San Francisco, CA), Xalkori (crizotinib; Pﬁzer Labs, Division of Pﬁzer Inc, New York, NY), Zykadia (ceritinib;
Novartis Pharmaceuticals Corporation, East Hanover, NJ), Alunbrig (brigatinib; Takeda Pharmaceutical Company Limited, Cambridge, MA),
Keytruda (pembrolizumab; Merck Sharp & Dohme Corp, a subsidiary of Merck & Co., Inc., Whitehouse Station, NJ), Taﬁnlar (dabrafenib; Novartis
Pharmaceuticals Corporation, East Hanover, NJ) in combination with Mekinist (trametinib; Novartis Pharmaceuticals Corporation, East Hanover,
NJ), Zelboraf (vemurafenib; distributed by Genentech, Inc., A Member of the Roche Group, South San Francisco, CA), Opdivo (nivolumab; BristolMyers Squibb Company, Princeton, NJ), Tecentriq (atezolizumab; Genentech, Inc., A Member of the Roche Group, South San Francisco, CA),
Imﬁnzi (durvalumab; AstraZeneca Pharmaceuticals LP, Wilmington, DE), or Bavencio (avelumab; EMD Serono, Inc., Rockland, MA).
f
Stage I includes occult, 0, I, IA, and IB; stage II includes II, IIA, and IIB.
g
Includes EGFR/ALK/ROS1 negative; includes PD-L1 expression–based results low (1%–49% staining) or negative (<1%) as per National Comprehensive Cancer Network guidelines for treatment or biomarker status negative; includes no mutation tested (e.g., mutation not tested, test
information missing).
Abbreviations: CDx, companion diagnostic; ECOG, Eastern Cooperative Oncology Group; m-LCPI, modiﬁed Lung Cancer Prognostic Index; non-Sq
aNSCLC, nonsquamous advanced non-small cell lung cancer; NOS, not otherwise speciﬁed.
b

Factors Associated with Increased Likelihood of
Having CDx Testing
Factors associated with an increased probability of CDx testing are presented in Figure 3 for patients with non-Sq
aNSCLC treated in a community practice setting (n = 16,501).

Of interest, female patients, those with ﬁrst line of treatment
in 2014 or later, and those who received more than one line
of therapy were more likely to have CDx testing (point estimate [95% conﬁdence interval (CI)], 1.25 [1.14–1.36], 2.49
[2.17–2.86], and 3.45 [3.12–3.82], respectively). In contrast,
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smokers were less likely to undergo CDx testing, with a point
estimate (95% CI) of 0.35 (0.29–0.41). Although the number
of patients was small (n = 473 [2.9%]), Asian patients were
more likely to undergo CDx testing than white patients (point
estimate [95% CI], 2.55 [1.56–4.18]). Regional differences
were also observed: patients treated in the Northeast or
West were more likely to undergo CDx testing than those
treated in the Midwest (point estimate [95% CI], 1.30
[1.13–1.50] and 1.34 [1.15–1.57], respectively).

Finally, in the subpopulation analyses, patients who had
CDx testing and biomarker-driven therapy as the ﬁrst line of
treatment had a much greater survival beneﬁt than those
who did not undergo CDx testing, with a median (95% CI)
survival of 18.00 (16.66–19.12) versus 6.01 (5.72–6.24)
months, respectively (Fig. 6). Patients who had their ﬁrst
CDx on or prior to the ﬁrst line of treatment also had a longer median overall survival than those not tested (median
[95% CI], 12.78 [12.32–13.14] vs. 6.01 [5.72–6.24] months).

Patients with CDx Testing Lived Longer and Had a
Decreased Mortality Risk

DISCUSSION

Among all patients with non-Sq aNSCLC in our analysis
(n = 17,555), patients with CDx testing had a longer median
survival than those without testing (median overall survival
[95% CI], 13.04 [12.62–13.40] months vs. 6.01 [5.72–6.24]
months; Fig. 4).
Patients with CDx testing had a decreased mortality risk,
with an unadjusted hazard ratio (HR) of 0.54 (95% CI,
0.52–0.57; Fig. 5). The signiﬁcant reduction in mortality
associated with CDx testing remained after adjusting for different combinations of factors in three adjusted models
(Fig. 5): age at diagnosis, sex, stage at initial non-Sq NSCLC
diagnosis, and smoking history (adjusted HR [95% CI], 0.57
[0.54–0.59]); age at diagnosis, sex, stage at initial diagnosis,
smoking history, respiratory comorbidities, and line of therapy (adjusted HR [95% CI], 0.71 [0.68–0.75]); and m-LCPI by
index groups (including mutation status), PD-L1 expression
levels, and line of therapy (adjusted HR [95% CI], 0.72
[0.69–0.76]).
1.0

Survival probability

0.8
CDx
No CDx

0.6

0.4

0.2

0.0
0

20

40

60

80

Survival time, months

CDx

Survival time (months)*

Censored patients

Median

95% CI

n

%

No (n = 2,823)

6.01

5.72 – 6.24

538

19.06

Yes (n = 14,732)

13.04

12.62 – 13.40

5,361

36.39

Figure 4. Overall survival in patients with nonsquamous
advanced non-small cell lung cancer with and without CDx testing. *, Survival time in months was calculated from the index
date to the end of follow-up. For deaths, the end of follow-up
was the date of death. For all others, a 90-day activity window
prior to the Flatiron data cutoff was implemented: if there was
a visit (e.g., laboratory tests, treatment, vitals) within the activity window, the end of follow-up was the Flatiron data cutoff;
otherwise, the end of follow-up was the last visit date.
Abbreviations: CDx, companion diagnostic; CI, conﬁdence
interval.
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Despite level 1 evidence supporting the beneﬁts of
biomarker-driven therapeutic approaches and consensus
among national and international guidelines for the routine
use of CDx testing in aNSCLC, it is not clear whether this evidence has translated to practice in real-world settings; in our
study, only 44% of adult patients in the Flatiron Health database with a diagnosis of non-Sq aNSCLC as of May 31, 2018,
were tested (n = 14,732 patients in the CDx group and
33,742 adult patients with non-Sq aNSCLC diagnosis). To our
knowledge, this is the largest real-world study that used Flatiron Health EHR data collected as part of routine clinical practice to evaluate patterns of and outcomes with CDx testing.
Our ﬁndings showed that patients with CDx testing had a
reduced mortality risk compared with those not tested. Furthermore, those who had CDx testing and biomarker-driven
therapy as the ﬁrst line of treatment experienced a 3-fold
greater survival beneﬁt than those not tested. Our results
reafﬁrm various studies reporting the beneﬁts of identifying
individual biomarkers and associated treatment [14, 22, 23],
demonstrating that CDx testing should be an integral component of the diagnostic and treatment paradigm for all
patients with non-Sq aNSCLC.
In this analysis, patients with non-Sq aNSCLC from the
Flatiron Health database who underwent CDx testing had
signiﬁcant improvements in overall survival compared with
those who did not undergo testing: ﬁndings that are consistent with a number of other trials in patients with various
forms of cancer [14, 22, 23]. In our study, the signiﬁcant
beneﬁts associated with undergoing CDx testing remained
after adjusting for multiple factors, including age at diagnosis, sex, stage at diagnosis, smoking history, respiratory
comorbidities, line of therapy, m-LCPI group (which considers actionable mutations), and PD-L1 expression (Fig. 5).
Furthermore, validated prognostic tools play an important
role in identifying baseline risk factors in a standardized
manner that could affect treatment response and patient
outcomes, further guiding treatment decisions. We used a
revised version of the m-LCPI, which is a simple, standardized tool with real-world relevance to support clinical decision making.
Our study also identiﬁed several factors associated with
increased CDx testing, including female sex, nonsmoker status, stage at diagnosis, diagnosis received after 2014, and
Asian race. These ﬁndings are consistent with previous
research demonstrating that testing may be driven by patient
phenotypes [24]. For example, in NSCLC, EGFR mutations are
more common in female patients and never-smokers, and
approximately 20%–40% of Asian patients with NSCLC have
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HR (95% CI)

Unadjusted

0.54 (0.52–0.57)

Adjusted for age,* sex,
stage,† and smoking history

0.57 (0.54–0.59)

Adjusted for age,* sex, stage,†
smoking history, respiratory
comorbidities, and line of treatment

0.71 (0.68–0.75)

Adjusted for individual m-LCPI,
PD-L1,‡ and line of treatment

0.72 (0.69–0.76)

0

0.5

1

1.5

HR (95% CI)
Decreased risk

Increased risk

Figure 5. Multivariable hazard ratios for all-cause mortality in patients with nonsquamous advanced non-small cell lung cancer
(aNSCLC) with and without companion diagnostic testing. *, Age at aNSCLC diagnosis (<65/≥65 years). †, Early stage includes occult,
0, I, IIA, IIB, and IIIA; advanced stage includes IIIB and IV; missing includes missing and III (A/B not indicated). ‡, PD-L1 expression–
based results incorporate only percent staining and expression-level variables, with percent staining results given priority over
expression-level results. They are categorized as follows: high = percent staining >50% or expression-level high; low = percent
staining of 1%–49%, expression-level moderate, and/or expression-level low; negative = percent staining <1%; missing = percent
staining and expression-level missing.
Abbreviations: CI, conﬁdence interval; HR, hazard ratio; m-LCPI, modiﬁed Lung Cancer Prognostic Index; PD-L1, programmed cell
death 1 ligand 1.
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Figure 6. Overall survival in patients with nonsquamous
advanced non-small cell lung cancer in the CDx group who
received biomarker-driven therapy as the ﬁrst line of treatment
versus those without CDx testing. *, Survival time in months
was calculated from the index date to the end of follow-up. For
deaths, the end of follow-up was the date of death. For all
others, a 90-day activity window prior to the Flatiron data cutoff was implemented: if there was a visit (e.g., laboratory tests,
treatment, vitals) within the activity window, the end of followup was the Flatiron data cutoff; otherwise, the end of followup was the last visit date.
Abbreviations: CDx, companion diagnostic; CI, conﬁdence
interval.

EGFR mutations [25], which may drive increased use of CDx
testing in these patients. Given the beneﬁt of CDx testing
observed in this study, there may be additional opportunities
to improve testing rates in speciﬁc subpopulations who may
be less likely to be tested.

The use of CDx testing can help identify patients most
likely to have a positive response to a particular therapy
based on the assessment of speciﬁc molecular targets. The
success of this strategy has been proven, with a number of
approved biomarker-driven treatments and CDx assays currently available [26, 27]. In our study, the subgroup of
patients who had CDx testing and biomarker-driven therapy
as the ﬁrst line of treatment lived longer than those who did
not have any CDx testing (median survival of 18.0 versus
6.01 months, respectively). Furthermore, the data used in
this study were collected beginning in 2011; the availability
of CDx tests and biomarker-driven therapies has substantially
increased over time. Similarly, in this study, the percentage
of patients with testing also increased over time and was
quite high (62.2% in 2014–2018 vs. 21.7% in 2011–2013).
Despite a larger proportion of patients in the no-CDx arm
(71.0%) than in the CDx arm (39.4%) receiving ﬁrst line of
treatment prior to 2014 and the ﬁrst line of treatment year
being signiﬁcantly predictive of being CDx tested (odds ratio,
2.49), these were not associated with survival and therefore
not carried forward in multivariate models.
The improved outcomes in patients with CDx testing
and biomarker-driven therapy demonstrate the beneﬁt of a
precision medicine treatment approach in those with nonSq aNSCLC and highlight the need for additional therapies
targeting new mutations. Presently, therapies targeting
molecular alterations (e.g., NTRK, RET, and KRAS) [28–31]
were not available at the time of treatment for our analysis;
as new therapies become available, additional research
may be needed to reassess the clinical beneﬁt of CDx testing. Moreover, our analysis did not investigate sequential
testing and the inﬂuence of treatment changes due to
mutations following the ﬁrst line of treatment. Based on
our current ﬁndings, one might hypothesize that evidence
supporting the beneﬁts of CDx testing and biomarker-driven
therapy on survival may only increase over time (and hence
our results may be conservative). Furthermore, additional
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research is needed to understand if patients who may have
beneﬁted from biomarker-driven therapy did not receive
such therapy because of a delay in or lack of access to CDx
testing or if patient adherence to medication use not otherwise captured by Flatiron, even in patients with CDx testing,
may also inﬂuence results. Last, as availability of biomarkers
and targeted treatment evolve over time, future studies are
needed to evaluate individual treatment response in the
real-world setting, including the effectiveness of biomarkerdriven therapy on survival, in patients with CDx testing.
Although guidelines for establishing successful precision
medicine programs have been published and may be used to
implement this type of approach in community practices, only
16% of oncology practitioners reported “always” performing
CDx testing in a survey conducted by the National Comprehensive Cancer Network; 29% reported “rarely” to “never,”
and up to 55% reported “often” to “sometimes” [32]. Several
potential barriers may limit access to CDx testing in the community setting, in which the majority of patients are treated.
First, selecting the most appropriate test for use in a
nonresearch setting is challenging for many physicians, and
turnaround time may be as long as 2 weeks [9]. Second, once
a molecular mutation is identiﬁed, criteria for determining
whether that mutation is actionable differ in the research and
clinical settings and may be interpreted differently by different
practitioners [9]. Moreover, given the complexity associated
with incorporating precision medicine into the health care system, there is a need for molecular tumor boards to be part of
current oncology practice [33, 34]. Molecular tumor boards
provide clinicians with the opportunity to discuss tumor proﬁling and targeted therapeutic options with a multidisciplinary
team; this improves understanding of CDx testing options,
molecular proﬁling results, and therapeutic options for
druggable alterations, thus increasing the efﬁciency of using
precision medicine as part of patient care [33–35]. In addition,
evidence demonstrating improved survival rates along with
equivalent cost-per-week metrics are needed and may help to
increase beneﬁt availability through insured programs.
This study has several advantages over other precision medicine trials. Whereas previous trials were usually small [36],
making it difﬁcult to generalize ﬁndings to other patients, this
study comprised a large cohort of patients with non-Sq aNSCLC
(n = 17,555) who were treated primarily in a community-based
setting for an evaluation period of up to 7 years (January
1, 2011–May 31, 2018). Using EHRs from the Flatiron Health
database enabled longer-term follow-up of well-deﬁned cohorts
in a real-world setting. Moreover, we were able to adjust for
some factors that are not typically included or available within
patient registry data. Another advantage is that our study incorporated any type of CDx testing, increasing the likelihood of
including biomarkers that are likely screened for by clinicians in
real-world clinical practice settings. By contrast, patients in
other precision medicine trials were usually selected based on
a single biomarker or a biomarker that is not routinely evaluated in community-based practice settings [36].
Despite the advantages outlined here, this study had several
limitations. First, overall survival in our study was assessed using
real-world data, which may have been susceptible to unobserved
biases that inﬂuenced the selection of treatment or type of CDx
test. Second, patients in the no-CDx group may have undergone
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CDx testing outside of the Flatiron network or testing may not
have been documented in the Flatiron EHR. Third, granular
details regarding non-Sq histology subtypes, including adenocarcinomas, large cell carcinomas, and other rare histologies, were
not available and, thus, were not included in this analysis.
Although performance status is clinically driven and a useful tool
for assessing disease progression, ECOG scores were missing in
approximately 57% of the patients with non-Sq aNSCLC included
in our analysis. Even though the Flatiron Health database is
derived largely from community clinics, making the results more
generalizable to patients treated in nonacademic practice settings, the population included in our analysis was predominantly
white and had insurance. Therefore, the results may not be representative of populations outside the U.S., although they are
representative of real-world challenges faced by minorities in
having access to care. There was also a potential for unmeasured
bias because of the selection of patients based on the availability
of their testing data. There may have been physician channeling
bias for selection of CDx testing and/or therapy, for which we
were unable to adjust. Because of the nature of routinely collected data in clinical practice, there is a potential for
underreporting of comorbidities by patients or in the EHR, incomplete or unstructured oral prescription documentation in the
EHR, and/or associated missing data, such as Eastern Cooperative
Oncology Group performance status; however, routinely collected data provide valuable insights to inform clinical decisions.

CONCLUSION
Because the prognosis for patients with aNSCLC is generally
very poor [1], a dire need exists for earlier initiation of care
through diagnostic testing and biomarker-driven treatment
strategies. Based on this, it is evident that a standard onesize-ﬁts-all approach in the treatment of cancer and many
other disease areas does not always result in optimal patient
outcomes. Precision medicine, in contrast, is an expanding
treatment approach that can help match patients to the
most effective treatments sooner based on an individual’s
characteristics, including speciﬁc molecular targets likely to
respond to biomarker-driven therapies. Results from this
analysis demonstrate that many patients are not routinely
tested, and the use of CDx testing among patients with nonSq aNSCLC was associated with a reduced risk of mortality
compared with those not undergoing CDx testing. Thus, it is
imperative that health care providers and payers prioritize
timely patient access to CDx testing, incorporate it as a critical ﬁrst step to inform individualized treatment strategies,
and use it as an opportunity to leverage multidisciplinary
molecular tumor boards to improve management and timely
delivery of precision medicine for patients with non-Sq
aNSCLC.
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