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ABSTRACT

Introduction: Optimal management of people with
advanced NSCLC depends on accurate identification of
predictive markers. Yet, real-world data in this setting are
limited. We describe the impact, timeliness, and outcomes
of molecular testing for patients with advanced NSCLC and
good performance status in England.

Methods: In collaboration with Public Health England, pa-
tients with stages IIIB to IV NSCLC, with an Eastern Coopera-
tive Oncology Group performance status of 0 to 2, in England,
between June 2017 and December 2017, were identified. All
English hospitals were invited to record information.

Results: A total of 60 of 142 invited hospitals in England
participated in this study and submitted data on 1157 patients.
During the study period, 83% of patients with advanced adeno-
carcinoma underwent molecular testing for three recommended
predictive biomarkers (EGFR, ALK, and programmed death-ligand
1). A total of 80% of patients with nonsquamous carcinomas on
whom biomarker testing was performed had adequate tissue for
analysis on initial sampling. First-line treatment with a tyrosine
kinase inhibitor was received by 71% of patients with adeno-
carcinoma and a sensitizing EGFR mutation and by 59% of those
with an ALK translocation. Of patients with no driver mutation
and a programmed death-ligand 1 expression of greater than or
equal to 50%, 47% received immunotherapy.
Conclusions: We present a comprehensive data set for
molecular testing in England. Although molecular testing is
well established in England, timeliness and uptake of tar-
geted therapies should be improved.

� 2021 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
Until recently, treatment options for patients with

advanced NSCLC were limited to platinum doublet
chemotherapy combinations. Nevertheless, the discovery
of drugs targeted at tumors with single genetic drivers,
such as mutations, insertions, and deletions in the EGFR
gene and rearrangements of the ALK gene, has become
pivotal to the management of such patients.1 Clinical
trials have revealed improved progression-free survival
with targeted therapy compared with chemotherapy,
and such therapies are generally better tolerated than
conventional chemotherapy.2–4 The newest class of
approved drugs for patients with advanced NSCLC is
immune checkpoint inhibitors. Important improvement in
overall survival has been revealed with pembrolizumab in
patients whose tumors have a programmed death-ligand
1 (PD-L1) expression level greater than 50%, but
without EGFR or ALK alteration compared with chemo-
therapy alone.5 On the basis of this evidence, current U.K.
and international guidelines recommend that all patients
with nonsquamous NSCLC undergo testing at diagnosis
for EGFR “mutations,” ALK, ROS-1, NTRK rearrangements,
and PD-L1 expression as a minimum to identify patients
suitable for first-line targeted therapy.6

Data from the National Lung Cancer Audit (NLCA) in
2019 reveal that the 1-year survival of those with
advanced NSCLC is 17% in England and Wales.7 Despite
major advances in treatment, this figure is unchanged
from 2015. Contributing factors include the recognized
gap between clinical guidelines and their real-world
implementation with observational data revealing mo-
lecular testing rates as low as 30%.8 Although there is a
wealth of clinical trial data in this area, information from
the real-world setting is limited. Moreover, the most
real-world evidence studies have been based on claims
data with inherent problems of accuracy of clinical
coding and lack of clinical detail, such as performance
status (PS). Progress for patients with advanced NSCLC
requires establishing robust predictive biomarker
testing. We report a national study investigating the ef-
ficacy and outcomes of biomarker testing in patients
with advanced NSCLC in England.

Materials and Methods
Data Source and Patient Selection

This observational cross-sectional study included
patients diagnosed with lung cancer (International
Classification of Disease code C34) pathologically and
clinically confirmed as stages IIIB to IVB NSCLC (TNM
version 8), with an Eastern Cooperative Oncology Group
PS of 0 to 2, in England, between June 2017 and
December 2017. Cases were identified by the National
Cancer Registration and Analysis Service, Public Health
England. A secure dedicated portal created by the NLCA
team in collaboration with Public Health England was
prepopulated with the identified cases and allocated to
each of the 142 NHS trusts in England that see patients
with lung cancer on the basis of where they began their
lung cancer diagnostic pathway (“place first seen”). All
these trusts were invited to record information on at
least 15 patients in their allocation. The portal was open
from October 2018 to January 2019 for data collection.
Outcomes
Five important outcomes were defined before data

collection by the research team to evaluate the efficacy,
timeliness, and outcomes of molecular testing in
England.

1. The proportion of patients with lung adenocarcinoma
that underwent molecular testing from the point of
diagnosis to data input. Testing for EGFR, ALK, and
PD-L1 was chosen in line with guidance current at the
time of the study. The incidence of a positive test was
calculated by dividing the number of positive tests by
the total number of successful tests. Molecular tests
refer to mutations, deletions, and insertions of the
EGFR gene. A sensitizing EGFR mutation was defined
as those occurring in exon 19 or 21. Exon 20 muta-
tions and other rare mutations were excluded from
this group. Rearrangement or fusion of the ALK gene
was detected by immunohistochemistry for a fusion
protein with or without confirmatory fluorescence in
situ hybridization technique. The evaluation of the
extent of PD-L1 ligand was by immunohistochemistry.
All tests recorded had been performed as per local
standard of care.

2. Tissue acquisition technique and sample adequacy.
The first specimen obtained for initial diagnosis and
profiling was evaluated for adequacy as defined by
the necessity for a second biopsy.

3. Timeliness of testing. This was the time in calendar
days between tissue sampling and reporting of the
results of molecular testing.

4. First-line systemic therapy of patients with successful
molecular testing. Treatment was categorized by
pathologic and molecular subtypes.

5. Median survival of patients with stages IIIB to IVB
adenocarcinoma. Survival was defined from the date
of first sample to date of death and was analyzed
according to the results of molecular testing. The
median follow-up time from the first sample was 225
days with an interquartile range (IQR) of 87 to 438
days.



Table 1. Characteristics of Patients With Advanced Lung
Cancer

Category N %

Sex
Female 512 44.3
Male 645 55.8

Age, y
<65 353 30.5
65–80 674 58.3
>80 130 11.2

Performance status
0 276 23.9
1 597 51.6
2 284 24.6

Stage
IIIB 200 17.3
IV 957 82.7

NSCLC subtype
Adenocarcinoma 758 65.5
Squamous cell carcinoma 268 23.2
Adenosquamous carcinoma 11 1.0
Large cell neuroendocrine carcinoma 26 2.3
Other 8 0.7
Not otherwise specified 44 3.8
Unknown 42 3.6
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Statistical Analysis
Management of data and statistical analysis were

performed using STATA version 15 (StataCorp). Multi-
variate logistic regression was used to evaluate the
predictive factors for requiring a second biopsy.
Regression analyses were also used to evaluate whether
the method of tissue sampling, or whether EGFR testing
occurred on site, influenced the odds of the time be-
tween biopsy and availability of results of molecular
testing being more than three weeks. Results were pre-
sented as OR and adjusted for age, PS, and stage. Kaplan-
Meier survival estimates were obtained for patients
diagnosed with adenocarcinoma categorized by molec-
ular test result.

Results
A total of 60 English trusts submitted data on 1157

patients that met the inclusion criteria. Patient de-
mographics are summarized in Table 1. More than half
Table 2. Frequency and Outcomes of Predictive Marker Testing

EGFR

Number tested, n (%) 701 (92)
% with successful testing 98
Results 10% with sensitizing

mutation

PD-L1, programmed death-ligand 1; TPS, tumor proportion score
of the cohort were 65 to 80 years old with approxi-
mately one-third less than 65 years old. There was a
higher proportion of male (55.8%) to female (44.3%)
patients. In addition, 17.3% had stage IIIB NSCLC and
82.7% had stage IV. Furthermore, two-thirds of the
patients had a PS of 0 to 1 (76%) leaving 24% with a PS
of 2. A total of 66% had a histologic diagnosis of
adenocarcinoma.
Molecular Testing
Excluding missing data, 558 of 758 patients (74%)

with advanced lung adenocarcinoma received testing for
all three recommended biomarkers (EGFR, ALK, and PD-
L1). The most common molecular test performed in 701
of 758 patients (92%) was for EGFR. Testing was suc-
cessful in most patients from the time of diagnosis to
data input into the portal (98% for EGFR, 99% for ALK,
and 95% for PD-L1). Of patients tested with lung
adenocarcinoma, 10% (76 of 701) had an activating
EGFR mutation, 4% (24 of 606) were ALK positive, and
PD-L1 expression was greater than or equal to 50% in
38% (252 of 659) of patients (Table 2). Of patients
whose tumors did not have a genetic driver (EGFR wild-
type and ALK negative), PD-L1 expression was evaluated
in 80% (846 of 1054). PD-L1 expression according to
EGFR and ALK results is found in Table 3. A total of 15%
of patients with a sensitizing EGFR mutation had PD-L1
expression greater than or equal to 50% compared
with 43% of EGFR wild-type patients with high PD-L1 (p
< 0.001).
Tissue Acquisition Technique and Diagnostic
Sample Adequacy

The methods of sample acquisition for patients with
advanced NSCLC are illustrated in Table 4. In approxi-
mately one-third, tissue was obtained by means of
radiologically guided biopsy of lung or supraclavicular
lymph nodes, with the next most common method being
endobronchial ultrasound-guided transbronchial needle
aspiration (EBUS-TBNA) (24%). Sampling by means of
pleural biopsy or fluid aspiration was conducted in 11%
of patients, the vast majority by means of the latter
(74%). Of 742 patients on whom molecular testing was
in Patients With Advanced Lung Adenocarcinoma (N ¼ 758)

ALK PD-L1

606 (80) 659 (87)
99 95
4.0% with rearrangement
present

TPS < 1% 33%
TPS 1%–49% 24%
TPS � 50% 38%



Table 3. PD-L1 Status by EGFR and ALK Test Status

EGFR and ALK Status

PD-L1 Status

PD-L1 Failed <1% 1%–49% �50% PD-L1 Unknown

Sensitizing EGFR mutation 4 25 28 9 10
ALK positive 1 8 5 10 3
EGFR wild-type and ALK negative 18 161 115 207 28
EGFR wild-type and ALK unknown 6 30 21 45 18
ALK negative and EGFR unknown 3 6 4 4 0

PD-L1, programmed death-ligand 1.
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performed, 591 (80%) had adequate tissue for analysis
on initial sampling. A total of 133 patients (18%)
required a second biopsy (Fig. 1).

The results of a multivariate analysis exploring pre-
dictive factors for the requirement of a second biopsy
are found in Table 5. The likelihood of requiring a second
biopsy was not associated with sex, PS, or stage. Older
patients were significantly less likely to have a second
biopsy (adjusted OR for >80 y compared with <65 y:
0.20 [95% confidence interval: 0.07–0.59]). There was a
significantly increased likelihood of requiring a second
biopsy if initial sampling was by means of pleural biopsy
or aspiration (most being by means of aspiration) with
an adjusted OR of 2.37 (95% confidence interval: 1.20–
4.70).
Timeliness of Testing
The median time from tissue acquisition to results of

EGFR “mutational” analysis being available was 18 days
(IQR: 14–21), for ALK rearrangement 17 days (IQR: 13–
24), and for assessment of PD-L1 expression also 17
days. Using a multivariable logistic regression model, the
likelihood of time from biopsy to availability of molec-
ular results being more than 3 weeks was not signifi-
cantly associated with age, PS, stage, sampling technique,
or whether EGFR testing was on site.
Table 4. Methods of Sample Acquisition

Sample Acquisition Technique
Number (N ¼
1157) %

Radiology-guided biopsy of lung or
supraclavicular lymph nodes

356 30.8

EBUS-TBNA 273 23.6
Bronchoscopic biopsy 212 18.3
Mediastinoscopy, surgical lung resection,

biopsy of other metastatic site, blood
sample, and other

155 13.4

Thoracoscopy pleural biopsy, image-guided
pleural biopsy, pleural fluid aspiration

127 11.0

Unknown 34 2.9

EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle
aspiration.
First-Line Treatment for Patients With Advanced
Lung Adenocarcinoma

The treatments received by patients with advanced
lung adenocarcinoma are summarized in Figure 2. Of
patients with a sensitizing EGFR mutation, 54 of 76
(71%) received a first-line tyrosine kinase inhibitor
(TKI) compared with 16 of 27 (59%) of those that were
ALK positive. No genetic driver was detected in 1054
patients; the treatments received by these are found in
Figure 3. In those whose tumors had a PD-L1 expression
level of greater than or equal to 50%, 52 of 325 (16%)
received first-line chemotherapy and 154 of 325 (47%)
immunotherapy.

Survival
Of the 1088 patients for whom complete data were

available, the median survival was 7.2 months. Kaplan-
Meier estimates categorized by molecular testing reveal
that survival was significantly improved for patients
with an EGFR sensitizing mutation compared with those
without a sensitizing mutation (12 mo versus 7 mo)
(Fig. 4). As more than half of the patients with an ALK
translocation were still alive at the time of data extrac-
tion, median survival estimates could not be calculated
for this subgroup.

Discussion
To our knowledge, this is the first national study of

biomarker testing for patients with advanced NSCLC to
include every treating unit. Often detected oncogenic
drivers are present in approximately one-quarter of
adenocarcinomas, and these tumors are targetable with
approved drugs.9 Therefore, optimal management of this
subgroup of patients is essential to achieving improved
overall survival outcomes.

There are three key findings from this study. First, a
high proportion of patients (83%) in this study cohort
underwent testing for EGFR, ALK, and PD-L1 status,
revealing testing is embedded in practice in England. In
addition, the testing rates we report here compare
favorably with previously published population-based
studies. A retrospective study reported that testing



Figure 1. Biomarker testing in advanced NSCLC.

Table 5. Multivariate Model of Predictors for Requiring a Second Biopsy

Model Parameter
Unadjusted OR (95%
CI)

Adjusted OR (95%
CI)

Sex
Female 1 1
Male 0.99 (0.67–1.46) 1.10 (0.73–1.64)

Age, y
<65 1 1
65–80 0.80 (0.53–1.21) 0.76 (0.50–1.16)
>80 0.19 (0.06–0.56) 0.20 (0.07–0.59)

Performance status
0 1 1
1 0.83 (0.53–1.31) 0.88 (0.55–1.40)
2 0.58 (0.32–1.05) 0.68 (0.36–1.27)

Stage
IIIB 1 1
IV 1.08 (0.65–1.81) 0.92 (0.53–1.59)

Sample method
EBUS-TBNA 1 1
Radiology-guided lung biopsy 0.91 (0.54–1.53) 0.96 (0.56–1.62)
Bronchoscopic biopsy 0.65 (0.33–1.26) 0.71 (0.36–1.39)
Thoracoscopic pleural biopsy, image-guided pleural biopsy, pleural aspiration 1.99 (1.04–3.80) 2.37 (1.20–4.70)
Mediastinoscopy, surgical lung resection, biopsy of other metastatic site, blood sample,

and other
1.11 (0.58–2.13) 1.27 (0.64–2.50)

CI, confidence interval; EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration.
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All pa�ents with 
adenocarcinoma

N = 758

Sensi�sing EGFR 
muta�on

N = 71

TKI
N = 53

Chemotherapy
N = 3

Immunotherapy
N = 1

Unknown
N = 14

ALK posi�ve
N = 24

TKI
N = 15

Chemotherapy
N = 1

Immunotherapy
N = 0

Unknown
N = 8

No driver muta�on 
present
N = 663

Figure 2. Treatment patterns for biomarker-positive patients
with advanced lung adenocarcinoma. TKI, tyrosine kinase
inhibitor.
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rates in eight countries varied between 43% in Brazil
and 85% in Taiwan, between 2011 and 2013.10 A more
recent study conducted in the United States quoted rates
of approximately 70%.11 The data we report here indi-
cate that, in this population, only 4% of tests failed.
This suggests that, when adequate tissue is acquired,
diagnostic processes are appropriate. Nevertheless, it is
likely that this rate is an underestimate. Genotyping
technologies implemented by laboratories on the country
vary in effectiveness at identifying mutant alleles at low
tumor amounts. Laboratories that use next-generation
sequencing techniques use more stringent metrics than
those that use mutation-specific technologies, which may
lead to false-negative results in the latter.

Second, even when a targetable genetic driver was
present, only 68% of patients received appropriate,
guideline-recommended first-line treatment. In addition,
of those patients with tumors in which no such driver
was present, but expression of PD-L1 was greater than
50%, less than half received immunotherapy. In the
aforementioned multinational study, the rate of targeted
first-line treatment of patients whose tumors tested
positive for EGFR mutations or ALK rearrangements had
varied from 30% in Germany to 89% in Japan.10

Nevertheless, a more recent study performed in Ger-
many reported a targeted therapy treatment rate of up
to 92%.8 It should be noted that these studies included
all patients with advanced NSCLC unlike our cohort of
patients with optimal PS of 0 to 2. Our findings equate to
approximately 350 eligible patients per year in England
missing out on the benefits of targeted/immune check-
point therapies, including longer progression-free sur-
vival and avoidance of side effects.

Third, this study revealed that timeliness of testing in
England also requires improvement. The median time
from tissue acquisition to availability of results of EGFR
testing was 18 days, a delay which might explain why
some patients with a targetable mutation do not receive
a first-line TKI. This delay is in keeping with the findings
of the NLCA’s 2019 organizational audit. In this survey,
101 participating NHS trusts in England and Wales re-
ported a turnaround time from biopsy to availability
EGFR and ALK testing results of between 1 and 21 days
and 93 centers reported a similar range for PD-L1
testing.12 Delays in PD-L1 testing may also reflect that
only a subset of pathologists can perform the evaluation
which also may not be available onsite. The data reveal
that the 10-day “molecular testing standard” recom-
mended by NHS England’s National Optimal Lung Cancer
Pathway was achieved by only 37% of NHS trusts.12,13

There is evidence to reveal that, during this period,
the PS of patients with advanced NSCLC deteriorates.
Indeed, a study investigating challenges with enrolling
patients requiring “biomarker-specific” data into clinical
trials, found that declining PS led to most screen failures
in those who did not require a biopsy.14 In addition,
recent published data reveal that as many as 20% of
mutation-positive patients eligible for TKI treatment
receive conventional chemotherapy as a result of being
unable to wait for results before commencing treatment,
thereby missing out on optimal therapy.8

In addition to delays in biomarker results, deviations
from guideline-recommended first-line treatment may
also be attributed to delays in access to oncologists.
Furthermore, clinician attitudes to prescribing novel
therapies have been found to contribute to treatment
rates. An online self-reported survey from oncologists in
10 countries suggested that testing occurred for 81% of
patients with advanced NSCLC. Surprisingly, less than half
responded that their treatment decisions were influenced
by detected mutations and 23% stated that EGFRmutation
status did not affect first-line therapy decisions.15
Strengths and Limitations
Before this study, there were limited national data on

the management of patients with advanced NSCLC. The
strength of this cohort study lies in the clinical data it has
captured, particularly the assessment of PS and mode of
tissue acquisition which other large databases often lack.
Nevertheless, we acknowledge that only 60 of 142



All NSCLC cases
N = 1157

No driver muta�ons 
detected
N = 1054

PD-L1 fail
N = 42

PD-L1<50%
N = 479

Chemotherapy
N = 281

Immunotherapy
N = 4

TKI
N = 3

Unknown
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Chemotherapy
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Figure 3. Treatment patterns for patients with no driver mutations detected. PD-L1, programmed death-ligand 1; TKI,
tyrosine kinase inhibitor.

Figure 4. Survival of patients with lung adenocarcinoma
according to predictive biomarkers (n ¼ 740), in which
“analysis time” on the x-axis is found in days and survival
probability on the y-axis is found as a number between 0 and
1 (in which, 1 ¼ certain). Of 758 lung adenocarcinoma, 18
cases had missing survival data. PD-L1, programmed death-
ligand 1.
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hospitals uploaded data to the portal and participating
trusts were asked to record data on a minimum of 15
patients. The patients selected by trusts may have intro-
duced a selection bias. It is possible that data may differ in
the trusts that did not respond. In addition, the retro-
spective nature of the audit may be subject to confounding
and recall bias. Lastly, and similar to previous observa-
tional surveys of molecular testing, our results do not
account for patient preference and contraindications to
treatment. The data we present do, however, provide an
important snapshot of current practice.

The results of our study are in keeping with a
recently published international survey conducted
by the International Association of the Study of
Lung Cancer.16 This cited the following barriers to
implementation of molecular testing: cost, quality of
samples, access, awareness, and turnaround time. In that
survey, one-third of the respondents were unaware of
the most recent guidelines for testing and approximately
a half stated that there was no policy to improve quality
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in their country. Probably the most often cited challenge
to molecular testing is sufficiency of tissue.14 In 20% of
patients in our cohort, the initial biopsy was inadequate
for such testing. Previous studies have investigated
whether samples procured by minimally invasive tech-
niques such as EBUS-TBNA are sufficient to identify
actionable genetic drivers. In our analysis, EBUS-TBNA
was not significantly associated with the need for a
second biopsy in adjusted regression analyses, providing
further evidence that successful molecular testing can be
undertaken on EBUS-derived specimens.17 Nevertheless,
it is interesting to note that patients undergoing pleural
aspiration are significantly more likely to require addi-
tional tissue. This finding is supported by a recent pro-
spective study which revealed that negative pleural fluid
cytology is often encountered in patients with malignant
pleural effusion.18 These data question the value of
pleural aspiration as a diagnostic tool in the lung cancer
pathway.

Survival of patients with advanced NSCLC remains
poor in real-world settings. Nevertheless, international
guidelines now recommend testing for an increasing
number of potentially targetable genetic alterations, and
PD-L1 expression and progress in revealing efficacy of
targeting new “molecular subgroups” is occurring
rapidly.19 In May 2020 alone, the Food and Drug
Administration approved six new systemic therapies for
patients with advanced NSCLC on the basis of molecular
testing, including capmatinib for MET exon 14 skip
mutations and selpercatinib for RET-fusion–positive
tumors. Next-generation sequencing, rather than single-
gene testing, will therefore become the standard
of care for the molecular testing of advanced NSCLC.
To date, this has not been routinely established in
England and it remains to be seen whether the excellent
testing rates evident in this study can be maintained
as more biomarkers are required to guide optimum
management.

In conclusion, molecular testing and tailored ther-
apies are central to the management of patients
with advanced NSCLC. We highlight that, despite good
molecular testing rates in England, there is much
room for improvement in timeliness and access to
treatment. These data provide an opportunity to
make innovations to improve the availability and
efficiency of molecular testing and, thereby,
survival and quality of life for patients with advanced
NSCLC.
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