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1. Executive summary
The discovery of driver gene mutations in patients with lung cancer has led to significant
advances in the treatment options available for these patients. The current standard of care is
for all patients with advanced lung adenocarcinoma (and other non-squamous subtypes) to
have molecular testing at diagnosis for at least epidermal growth factor receptor (EGFR)
mutations, anaplastic lymphoma kinase (ALK) and ROS-1 rearrangements, as well as assessment
of expression of programmed death ligand 1 (PD-L1) on neoplastic cells. Previous real-world
studies, however, have consistently demonstrated a gap between results of implementation
and standards for molecular testing in this cohort of patients. This spotlight audit is the first
national study investigating the efficacy and outcomes of molecular testing in patients with
advanced non-small-cell lung cancer (NSCLC) in England.
142 NHS trusts were invited to take part in the study and asked to provide data on at least 15
patients diagnosed with advanced lung cancer between June and December 2017. Of these, 60
trusts took part providing data on 1,157 patients. Key findings included:
• 83% of patients with advanced adenocarcinoma underwent molecular testing for all
three of the recommended predictive biomarkers (EGFR, ALK and PD-L1).
• 96% of molecular tests were successful in providing adequate results.
• 11.5% of patients required second biopsies to obtain molecular results. There was an
increased likelihood of patients requiring a second sampling technique if the initial
attempt was through pleural biopsy or aspiration.
• The median turnaround time from tissue acquisition to EGFR mutation result was 18
days.
• First-line targeted therapies were received by 75% of patients following confirmation of
an EGFR mutation and 58% of patients with an ALK translocation.
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2. Recommendations
Recommendation

Result / page in the report

Standard/guidance

Key audience

1

MDTs with higher than expected rates of
second biopsies should perform local review of
tissue acquisition practices and results to
reduce the proportion of patients requiring a
second biopsy.

11.5% underwent a second biopsy in
order to obtain molecular results
(pages 9–10).

Samples should be taken to permit
pathological diagnosis and assessment
of predictive biomarkers.*

Lung cancer lead
Respiratory physicians
Radiologist

2

MDTs should regularly audit cases that do not
undergo assessment of predictive markers to
determine why each patient did not receive
complete biomarker analysis.

83% of patients with advanced
adenocarcinoma underwent
complete molecular testing of all
predictive markers (page 11).

Patients with advanced non-small-cell
lung cancer and good performance
status should have predictive
biomarkers tested to determine
treatment.*

Lung cancer lead
Lead pathologist
Molecular testing laboratories

3

All MDTs should review their pathology and
molecular testing pathways to ensure that
molecular testing results are available 10 days
after the biopsy.

Median time from tissue acquisition
to EGFR mutation analysis result was
18 days (page 12).

Molecular testing results should be
available 10 days after tissue
acquisition.**

Lung cancer lead
Cancer manager
Lead pathologist
Molecular testing laboratories

4

All MDTs should perform detailed case-note
review of patients with a sensitising mutation
who do not receive a targeted agent as firstline therapy.

First-line targeted therapies were
received in 75% of patients with an
EGFR mutation and 58% of patients
with an ALK translocation (page 12).

Patients with a sensitising mutation
should receive a targeted agent as firstline therapy.*

Lung cancer lead
Lead oncologist

ALK = anaplastic lymphoma kinase; EGFR = epidermal growth factor receptor; MDTs = multidisciplinary teams; NICE = National Institute for Health and Care Excellence.

____________________________________
* National Institute for Health and Care Excellence (NICE). Lung cancer: diagnosis and management. NICE guideline [NG122]. London: NICE, 2019.
** NHS England National Optimal Lung Cancer Pathway
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3. Introduction
Background
Patients with lung cancer are typically diagnosed at an advanced stage and survival for patients
with advanced lung cancer remains poor. Real-world data from the 2017 National Lung Cancer
Audit (NLCA) demonstrated that the 1-year survival of patients with stage IIIB and IV disease is
15.5% in England and Wales.1 The majority of lung cancers are classified as NSCLC of which
there are three main types; adenocarcinoma, squamous cell carcinoma and large cell carcinoma.
Adenocarcinoma is the most common subtype.
The discovery of driver gene mutations in patients with adenocarcinoma has resulted in
significant advances in the treatment options available for these patients. Identification of EGFR
mutations and ALK rearrangements in tumour cells have led to the introduction of tyrosine
kinase inhibitors (TKIs) which target the sensitising mutation.2,3
Immune checkpoint inhibitors are an important new therapeutic option for the treatment of
patients with advanced NSCLC. These drugs act by inhibiting either the programmed death
receptor 1 (PD-1) or its ligand PD-L1, which appear to be responsible for downregulation of the
body’s immune response to tumours. Inhibition of PD-1 or PD-L1 exposes the tumour to
immune destruction.4
Clinical trials have demonstrated improved outcomes for patients with NSCLC harbouring a
driver mutation who received targeted treatment compared with chemotherapy. In addition,
pembrolizumab (an immune checkpoint inhibitor) as monotherapy results in improved overall
survival compared with chemotherapy in patients who have no driver mutation and whose
tumours express PD-L1 on at least 50% of cells. Therefore, national and international guidelines
have recommended the inclusion of molecular testing for mutations in EGFR and ALK gene
rearrangements since 2013.5,6 In 2017, the National Institute for Health and Care Excellence
(NICE) approved the anti-PD1 agent pembrolizumab for the first-line treatment of NSCLC
patients whose tumour demonstrates greater than 50% expression of PD-L1.7

Current practice
The current standard of care is for all patients with advanced lung adenocarcinoma (and other
non-squamous subtypes) to have molecular testing at diagnosis for at least EGFR mutations, ALK
and ROS-1 rearrangements, and expression of PD-L1 on neoplastic cells. Patients with squamous
cell lung cancer should have testing for PD-L1 expression. However, previous real-world studies
have consistently demonstrated a gap between standards and implementation. Frequency of
molecular testing for eligible patients has often been found to be less than 30%.8,9 Common
difficulties cited included inadequate sampling, lack of awareness, lack of funding, lack of
appropriate laboratory infrastructure, geographical location, and patient factors including
comorbidity and age.4,8
These studies are extremely important in demonstrating what patient care looks like in practice,
identifying areas for improvement and ensuring equity in the delivery of healthcare.
© 2020 Healthcare Quality Improvement Partnership (HQIP)
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This spotlight audit is the first to look at the efficacy and outcomes of molecular testing for
EGFR, ALK and PD-L1 across England. We aimed to determine adequacy of tumour sampling,
proportion of patients undergoing molecular testing, timeliness of testing as well as treatments
received and survival.

4. Methods
Full details can be found on the NLCA website. In summary, this was a retrospective
observational audit conducted by the NLCA team. All 142 NHS trusts that see patients with lung
cancer in England were invited to take part in the spotlight audit. In collaboration with Public
Health England, a dedicated online portal was created to enable trusts in England to input data
securely. The portal was pre-populated with cases identified by the National Cancer Registration
and Analysis Service (NCRAS) which uses the National Cancer Registry to identify lung cancer
patients via presence of International Classification of Diseases version 10 (ICD10) code C34.
Trusts were asked to complete data on at least 15 patients presenting with NSCLC stage 3B and
4, performance status (PS) 0–2, between June and December 2017. In line with guidelines from
NICE at the time, molecular testing for EGFR, ALK and PD-L1 were evaluated for all eligible
patients. Measures included:
• mode and efficacy of tissue sampling
• proportion of patients who had successful assessment of predictive markers (EGFR, ALK
and PD-L1)
• time to molecular testing results
• incidence of positive molecular testing
• proportion of patients with a driver mutation receiving a targeted treatment
• median survival.

5. Results
During the time period of the audit, 60 trusts in England submitted data on 1,157 patients with
NSCLC stage 3B and 4, PS 0–2. Patient characteristics are summarised in Table 1.

© 2020 Healthcare Quality Improvement Partnership (HQIP)
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Table 1. Characteristics of patients with advanced lung cancer
Category

Percentage

Sex
Female

44.25

Male

55.75

Age
<65

30.51

65-80

58.25

>80

11.24

Performance status
0

23.85

1

51.6

2

24.55

Stage
3B

17.29

4

82.71

NSCLC subtype
Adenocarcinoma

65.51

Squamous cell carcinoma

23.16

Adenosquamous carcinoma

0.95

Large cell neuroendocrine carcinoma

2.25

Other

0.69

Not otherwise specified

3.8

Unknown

3.63

NSCLC = non-small-cell lung cancer

Tissue acquisition technique
The methods of tissue acquisition for patients with advanced lung cancer are shown in Table 2.
A total of 133 patients (11.5%) underwent a second biopsy in order to obtain molecular results
for initial diagnosis.

© 2020 Healthcare Quality Improvement Partnership (HQIP)
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Table 2. Methods of sample acquisition
Tissue acquisition technique

Number

Percentage

(n=1,157)
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
Thoracoscopic pleural biopsy, image-guided pleural biopsy,
pleural fluid aspiration
Unknown

155

13.4

127

11.0

34

2.9

EBUS-TBNA = endobronchial ultrasound-guided transbronchial needle aspiration
Following multivariate analysis (Table 3), the likelihood of requiring a second biopsy was not
found to be correlated with sex, PS or stage. Older patients (>80 years) were less likely to
undergo a second biopsy. There was, however, an increased likelihood of requiring a second
sampling technique if the initial sampling attempt was through pleural biopsy or aspiration
(adjusted odds ratio (OR) 2.37 (95% confidence interval (CI) 1.20 – 4.70)). The vast majority
(74%) of cases in this category had initial sampling through pleural aspiration.

© 2020 Healthcare Quality Improvement Partnership (HQIP)
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Table 3. Multivariate model of predictors for requiring a second biopsy
Unadjusted OR

Adjusted OR

(95% CI)

(95% CI)

Female

1

1

Male

0.99 (0.67 – 1.46)

1.10 (0.73 – 1.64)

<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)

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)

3B

1

1

4

1.08 (0.65 – 1.81)

0.92 (0.53 – 1.59)

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)

Sex

Age

Performance status

Stage

Sample method

Thoracoscopic pleural biopsy, image-guided pleural
1.99 (1.04 – 3.80) 2.37 (1.20 – 4.70)
biopsy, pleural fluid aspiration
Mediastinoscopy, surgical lung resection, biopsy of other 1.11 (0.58 – 2.13) 1.27 (0.64 – 2.50)
metastatic site, blood sample and other
CI = confidence interval; EBUS-TBNA = endobronchial ultrasound-guided transbronchial needle
aspiration; OR = odds ratio
Recommendation (1): MDTs with higher than expected rates of second biopsies for initial
diagnosis should perform local review of tissue acquisition practices and results to reduce the
proportion of patients requiring a second biopsy.

Molecular testing
Excluding missing data, 83% of patients with advanced lung adenocarcinoma successfully
underwent testing for all three recommended biomarkers (EGFR, ALK and PD-L1). Successful
testing was defined as a positive or negative result. EGFR was the most common molecular test
performed in patients with adenocarcinoma (92%). Molecular testing was successful in the
majority of patients for assessing EGFR, ALK and PD-L1 (97.6%, 99% and 96% respectively). In
© 2020 Healthcare Quality Improvement Partnership (HQIP)
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the study population, 10% of patients had an activating EGFR mutation, 3.5% had an ALK
translocation and PD-L1 expression was ≥50% in 38% of patients (Table 4).
The median time from tissue acquisition to EGFR mutation analysis result was 18 days (see Table
4). In a multivariate analysis, the likelihood of time from biopsy to molecular results being more
than 3 weeks was not associated with gender, age, performance status, stage, sampling
technique or whether EGFR testing was onsite.

Table 4. Frequency and outcomes of predictive marker testing in patients with advanced lung
adenocarcinoma
EGFR

ALK

PD-L1

Number of patients tested

701 (92%)

686 (90%)

659 (87%)

% of patients with successful
testing

97.6

99

96

Results of molecular testing

10% sensitising
mutation present

3.5% ALK
TPS <1%
33%
rearrangement TPS 1–49% 24%
present
TPS ≥50% 38%

Median time from biopsy to
18 (14–23)
17 (13–23)
17 (13–25)
results, days (interquartile
range)
ALK = anaplastic lymphoma kinase; EGFR = epidermal growth factor receptor; PD-L1 =
programmed death ligand 1; TPS = tumour proportion score
Recommendation (2): MDTs should regularly audit cases that do not undergo assessment of
predictive markers to determine why each patient did not receive complete biomarker analysis.
Recommendation (3): All MDTs should review their pathology and molecular testing pathways
(for example, by process mapping) to ensure that molecular testing results are available within
10 days of biopsy to be in line with NHS England’s national optimal lung cancer pathway.

Treatment of patients with lung adenocarcinoma
75% of patients with an EGFR mutation received a first-line TKI, while 58% of those with an ALK
translocation received a targeted first-line treatment with an approved TKI. 47% of patients with
PD-L1 expression >50% received immunotherapy treatment. Data on treatment was missing for
26% of patients with an EGFR-positive mutation, 29% of patients with ALK mutation and 33% of
patients with PD-L1 expression >50%, and have been excluded from this analysis.
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Recommendation (4): All MDTs should perform detailed case-note review of patients with a
sensitising mutation who do not receive a targeted agent as first-line therapy.

Survival outcomes
The median survival for the overall whole cohort, where data was complete (n=1,088), was 7.2
months. Figure 1 demonstrates the Kaplan–Meier survival estimates for patients diagnosed with
adenocarcinoma categorised by molecular testing. Median survival was significantly improved
for patients with EGFR-sensitising mutations, being 12 months as compared to 7 months for
patients without sensitising mutations. As more than half the patients with ALK translocations
were still alive at the time of data extraction, a calculation of ‘median survival’ for this patient
cohort was not possible.
Fig 1. Survival of patients with lung adenocarcinoma according to predictive biomarkers

Where ‘analysis time’ on the x-axis is shown in ‘days’ and ‘survival probability’ on the y-axis is shown as a
number between 0 and 1 (where 1 = certain).

6. Commentary
This is the first national audit of molecular testing for patients in England with advanced lung
cancer and provides novel real-world evidence for this patient group.
On the basis of the data received, this audit has demonstrated that molecular testing has been
successfully implemented in England with 83% of patients undergoing testing for EGFR, ALK and
PD-L1 status. This is an excellent example of NHS organisations working together and
developing multi-faceted patient pathways to allow complex testing to be undertaken. This
degree of implementation compares very favourably to other published data. For example, in a
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study carried out by investigators at the MD Anderson Cancer Centre in Texas, USA, of patients
diagnosed in 2013–14 18% underwent EGFR testing.9 When testing did take place, results
showed that only 4% of tests failed, suggesting that in the vast majority of cases when adequate
tissue is acquired, diagnostic processes are appropriate.
However, the audit does identify important areas that require improvement. The median time
from tissue acquisition to EGFR result was found to be 18 days. This is not compatible with
current NHS England national optimal lung cancer pathway guidance which recommends that a
full molecular profile is available 10 days after a biopsy.10 It might be worth considering this
result in line with the findings of the NLCA organisational audit which surveyed trusts across
England in June 2019 and found that 37% of providers responded to say that they are meeting
the 10-day turnaround for molecular diagnostics. It is possible that improvements have been
made between these two audit periods however the difference in methodologies used for each
audit should also be considered and providers, particularly those that did not participate in
these audits, are encouraged to examine their local pathways. In order to reduce time to
molecular results, efforts should initially be focused on detailed process mapping of the
pathway from tissue acquisition to the results reaching the oncologist, in order to identify areas
that can be improved.
Another important finding from this report is that a surprisingly low proportion of patients with
a positive biomarker received a matched targeted agent, despite the survival advantage that has
been shown with this approach.3 In England, first-line TKIs were approved for use in patients
with EGFR mutations and ALK translocations in July 2010 and September 2016, respectively.
Despite this, only 75% of patients with an EGFR mutation received a first-line TKI, undermining
the excellent testing rates. It is therefore recommended that all MDTs review the small number
of patients in each centre who have a driver mutation and did not receive a first-line TKI. One
explanation for this may be the time taken to obtain the molecular results during which time
the oncologist may have elected to start chemotherapy or there has been deterioration in
performance status precluding treatment.
Limitations of this spotlight audit are recognised and centre on data completeness. Of the 142
trusts invited, 60 trusts uploaded patient data to the portal. Although this is reasonable uptake
for a new initiative in an area that the NLCA had not examined previously, this does raise the
possibility of selection bias. In addition, there were missing data at a patient level, particularly
on treatments received. It is surprising that having EGFR testing on site was not associated with
a reduction in time from biopsy to EGFR result. This may reflect a lack of statistical power given
the relatively small number of testing sites.
Finally, it is of interest that 11% of patients required a repeat procedure to obtain information
on predictive biomarkers and that patients undergoing pleural aspiration are at highest risk of
requiring a further sample. A recent prospective study has confirmed that pleural aspiration can
lead to delays in the diagnostic pathway.11 This finding requires confirmation and further work
on improving yield from pleural aspirates is required.
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Despite molecular testing for predictive biomarkers being at the centre of management of
patients with advanced lung cancer, prior to this spotlight audit there were limited national data
on this important aspect of care. This work has demonstrated that comprehensive predictive
biomarker testing is in place but improvements must be made in timeliness of results and
proportion of patients receiving targeted therapies.

7. Document purpose
Document
purpose
Title

To disseminate results from the spotlight audit investigating the efficacy and
outcomes of molecular testing for EGFR, ALK and PD-L1 across England
identified in the 2017 registry data.
National Lung Cancer Audit. Spotlight report on molecular testing
in advanced lung cancer, January 2020.

Author

Royal College of Physicians, Care Quality Improvement Department

Publication
date

January 2020

Target audience

NHS staff in lung cancer multidisciplinary teams; hospital managers and chief
executives; commissioners; lung cancer researchers; patients.

Description

This is the second spotlight audit the NLCA has run and is the first to look at
the efficacy and outcomes of molecular testing for EGFR, ALK and PD-L1
across England. We aimed to determine adequacy of tumour sampling,
proportion of patients undergoing molecular testing, timeliness of testing as
well as treatments received and survival.
National Lung Cancer Audit annual report 2017:
www.rcplondon.ac.uk/projects/outputs/nlca-annual-report-2017
NICE Quality standard for lung cancer in adults, 2012, updated 2019:
www.nice.org.uk/guidance/qs17
National Optimal Lung Cancer Pathway and Implementation Guide:
https://www.roycastle.org/app/uploads/2019/07/National_Optimal_LUNG
_Pathway_Aug_2017.pdf
nlca@rcplondon.ac.uk

Related
publications

Contact

© 2020 Healthcare Quality Improvement Partnership (HQIP)

15

NLCA Spotlight report on molecular testing in advanced lung cancer, January 2020

8. Acknowledgements
Thank you to all the lung cancer teams that have contributed data to this audit; without your
considerable efforts, this report would not be possible. We are extremely grateful to our
colleagues at Public Health England for their support in the design and setup of the data entry
portal. We also acknowledge Professor John Gosney, Dr Paul Cane, Professor David Baldwin, Dr
Fiona McRonald, Dr Tom Newsom-Davis and Professor Sanjay Popat for their review of the
report.
Care Quality Improvement Department, Royal College of Physicians
Dr Paul Beckett, consultant respiratory physician, National Lung Cancer Audit senior clinical lead
Dr Neal Navani, consultant respiratory physician, National Lung Cancer Audit clinical lead
Dr Susan Harden, consultant clinical oncologist, National Lung Cancer Audit clinical lead
Dr Judith Tweedie, National Lung Cancer Audit research fellow
Rachel Tebay, National Lung Cancer Audit programme manager
Hannah Rodgers, National Lung Cancer Audit project manager
National Cancer Registration and Analysis Service
Natasha Wood, audit project manager
Eleanor Fitzgerald, cancer intelligence analyst
Saffron Norkett, cancer intelligence analyst
Esther Farmer, administration officer
Brian Shand, developer
Faculty of Medicine and Health Sciences, University of Nottingham
Aamir Khakwani, post-doctoral research fellow
Richard Hubbard, professor of respiratory epidemiology

© 2020 Healthcare Quality Improvement Partnership (HQIP)

16

National Lung
Cancer Audit

NLCA@rcplondon.ac.uk

The National Lung Cancer Audit (NLCA)
Royal College of Physicians
11 St Andrews Place
Regent’s Park
London NW1 4LE

National Lung
Cancer Audit

