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the diagnosis. A first and critical step 
is to establish the correct diagnosis.
Immunohistochemistry can be used to
great effect to improve diagnostic
accuracy and, in these settings, we rely
on panels of multiple markers rather 
than on a single IHC test. Different IHC
panels can help differentiate primary 
lung adenocarcinoma from metastatic
carcinoma, between adeno-, squamous
and small cell carcinoma, and between
benign mesothelial proliferation,
mesothelioma and carcinoma. While this
can be done using multiple IHC slides,
each stained with a single antibody, we
can combine several antibodies on the
same slide (multiplex IHC), facilitating
interpretation (Fig 1).

There is some pressure to forfeit the
use of comprehensive IHC panels to save
money and tissue.  Concerns have been
raised over the cost of multiple IHC tests.
Nevertheless, diagnostic accuracy remains
key, as the wrong diagnosis may result in
patients being given an ineffective rather
than a curative treatment – a mistake 
that is far more expensive than a few IHC
stains. In fact, IHC is relatively low-cost
when compared to all the other
investigations done along the oncology
patient journey, such as endoscopy and
imaging.

There is also concern that IHC panels
would result in excessive use of scarce
tissue that is needed for other tests. The
use of multiplex IHC certainly reduces the
tissue requirements and we increasingly
use dual-colour multiplex IHC combining
two, three or even four antibodies;
however, the paucity of tissue can be
resolved by appropriate management 
of microtomy, as even a very small lung
biopsy of just 0.5 mm of tissue will
provide over 100 tissue sections – plenty
both for all IHC required for diagnosis 

According to Cancer Research UK (CRUK),
lung cancer is the third most common
cancer in the UK, after breast and prostate
cancer, and is responsible for over 35,000
deaths per year.1 Over the past decade,
huge strides have been made in terms 
of survival and quality of life for lung
cancer patients. We now have a better
understanding of the biology of lung
cancer and of the genomic aberrations
that influence the pathophysiology of 
the disease. As a result, a number of
predictive biomarkers are now used to
inform appropriate treatment pathways 
for patients.2

With rapidly evolving technologies, 
the need for education, communication
and collaboration between disciplines has
never been stronger. In February 2019,
Roche Diagnostics brought together 
key opinion-leaders and stakeholders in
the area of lung cancer diagnosis and
treatment to explore how the combination
of new biomarkers, technological
advances, targeted therapies and
informatics are transforming healthcare. 

Immunohistochemistry in the
classification of lung cancer
There are a number of different tests 
that can inform a histopathology report,
including:
n haematoxylin and eosin staining
n immunohistochemistry (IHC)
n in situ hybridisation (ISH)
n on-slide companion diagnostics (CDx).
Each test builds on the others and refines

A report from the Roche ‘Excellence in Lung Cancer
Diagnosis: Impact on the Patient Pathway’ meeting held in
Nottingham last February, an event supported by a wide
range of experts from across the UK.

Recent advances in 
lung cancer diagnosis:
impact on patients 

Fig 1. The use of multiple stains on a single slide.
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The T790M mutation is very
aggressive, so there is a narrow window
of opportunity to start the next treatment.
This is where circulating tumour DNA
(ctDNA) testing could have a role to 
play in identifying the T790M mutation 
at an earlier stage. As well as screening
for the T790M mutation at the time of
progression, ctDNA testing can also be
performed at the time of diagnosis – 
if tissue biopsy is not possible – or to
monitor patients on TKI therapy. 

Targeted therapies for 
EGFR-positive NSCLC
Over the past decade, there has been
exponential development in targeted
therapeutic options in the field of lung
cancer, and TKIs targeted towards EGFR
mutations are among those approved 
for use in the UK.

Numerous first-line clinical trials have
shown excellent response rates (around
70%) and overall survival (around two
years) for TKIs compared to cytotoxic
chemotherapy.5–11 On the back of these
trials, there are now three approved 
drugs for the treatment of EGFR-positive
patients in the first-line setting: two first-
generation TKIs (erlotinib and gefitinib)
and a second-generation TKI (afatinib). 
A newer second-generation TKI
(dacomitinib) has shown even better
overall survival, at 34 months,12 which 
has landmarked what can be achieved 
for EGFR mutation-positive patients.

No matter how well patients respond
on first-line treatments, almost all will
progress. Our understanding of the
resistance mechanisms that affect these
patients has improved. By far the most
common is the acquisition of the T790M
mutation, which affects 50–60% of
patients progressing on a first-line EGFR-
targeted TKI (Fig 3).

A third-generation TKI (osimertinib) is
designed specifically to target the T790M
mutation while sparing the wild-type
EGFR. In the AURA3 clinical trial, this 
drug demonstrated a response rate of
around 70%, with significantly improved
progression-free survival compared to
chemotherapy (10.1 months versus 4.4
months),13 giving patients another highly
active treatment option. Furthermore, the
AURA3 team demonstrated that T790M
positivity could be identified either by

and all subsequent tests. In future, newer
chromogens with very narrow bandwidths
may allow entire panels of IHC tests to 
be performed on a single slide, reducing
further the demands on tissue. 

Many cancers, including lung cancer,
have a number of known molecular
abnormalities that are thought to sustain
cancer growth (mutation drivers) and 
for which there is effective targeted
treatment (Table 1). Therefore, a diagnosis
of cancer often requires a much more
comprehensive pathology report that
includes diagnostic, prognostic and
predictive information to help oncologists
connect patients to the right treatment.
The use of multiplex assays preserves
tissue that can then be used for molecular
polymerase chain reaction (PCR) and 
next-generation sequencing (NGS) assays
to help further stratify patients for
treatment with targeted therapies.

EGFR testing in NSCLC
In the West Midlands, EGFR mutations
are detected using a molecular PCR assay,
including sensitising mutations (exon 19
deletions, L858R, G719X and L861Q) 
and resistant mutations (exon 20). Once
specimens are received in the molecular
laboratory, the turnaround time for the
results of the PCR assays is five to seven
working days, and can be down to one
day if necessary. 

At the Birmingham laboratory, as
expected, EGFR mutations are found in
10.3 % of non-small cell lung cancer
(NSCLC) tumours,3 most of which (about
78%) are exon 19 deletions or L858R 
(Fig 2). Approximately 50% of EGFR
mutation-positive patients who progress
under tyrosine kinase inhibitor (TKI)
therapy acquire an associated EGFR
T790M mutation,4 which conveys
sensitivity to third-generation TKI therapy.

Table 1. Molecular abnormality in lung adenocarcinoma.
Abnormality               Frequency                       Possible management options
KRAS                                 25%                                        None
EGFR                                 23%                                        Erlotinib, afatinib, gefitinib, osimertinib
ALK-1                                6%                                          Alectinib, ceritinib, crisotinib
TP53                                 4%                                          None
BRAF                                 3%                                          Debrafenib, trametinib, vemurafenib
PIK3CA                             3%                                          None
MET                                  2%                                          Crizotinb
ROS-1                               1.5%                                       Crizotinib, vandetanib
HER-2                                1%                                          Ado-trastuzumab ematnsine
RET                                   1%                                          Cabozantinib, vandetanib
MEK-1                               0.5%                                       None
NRAS                                0.2%                                       None
β-catenin                           0.2%                                       None
IDH-1                                0.1%                                       None



clinical trials.25 Following further trials (first-
line versus chemotherapy) in 2014,26 this
drug became a first-line treatment for ALK
rearrangements-positive NSCLC patients. 

Also in 2014, a second-generation 
ALK inhibitor (ceritinib) became available
for second-line use in patients who
progress or are intolerant to the first-line
drug.  In a phase 3 study, first-line use 
of ceritinib demonstrated improved
progression-free survival compared to
chemotherapy,27 providing strong
evidence for its utility as a first-line agent.

Third-generation ALK inhibitors
(alectinib, brigatinib and lorlatinib [not
included in the EMC and not licenced in
the UK]) have also been developed and
are available for second- or third-line use
in patients who have progressed or are
intolerant to the first-line drug. In 2017,
alectinib was approved for first-line use,
based on a study comparing alectinib
with crizotinib in untreated ALK-positive
NSCLC. This study demonstrated
progression-free survival at 24 months of
over 60% for patients on alectinib,28 which
is extraordinary for patients with stage 4
lung cancer. In addition, central nervous
system (CNS) progression was significantly
lower in the alectinib arm, which is an
important consideration for patient 
quality of life. 

Patients who progress on the 
approved ALK inhibitors may receive a
chemotherapy doublet or immunotherapy,
and future ALK inhibitors are in
development. Although ALK-positive
NSCLC is rare, there are several treatment
options and the prognosis for patients is
multiple years.

Routine IHC for detecting 
PD-L1 expression in NSCLC
The programmed death 1 (PD-1) pathway
involves the binding of PD-1 with PD-L1
which inhibits T-cell activation, allowing
immunosuppression and neoplastic
growth.29

There are at least three PD-L1
antibodies for the analysis of PD-L1 status
in clinical samples. Experience of PD-L1
IHC reflex testing using the Ventana 
PD-L1 SP263 assay (Roche) is described
here. As a general requirement, the assay
requires at least 100 tumour cells in 

the sample (this is not a Ventana PD-L1
SP263 assay requirement) with no strong
background; there should be linear,
membranous staining, which may be
partial or complete (Fig 5); and only
viable epithelial tumour cells are
considered.

The percentage of tumour cells that
are positive is recorded. If positive tumour
cells are <1% of total tumour cells, the
test is negative; a score of 1–49% is
considered positive (low PD-L1 expression);
and a score of 50% or more is considered
positive (high PD-L1 expression).

SP263 assay validation showed very
good equivalence to the standard 22C3
antibody.30 Expression in adenocarcinoma
and squamous cell carcinoma is very
similar, and almost identical proportions
of negative, low positive and high positive
assays were reported in these cell types.30

In addition, EGFR mutation-positive
adenocarcinomas have a lower but
significant level of expression,30 which may
justify reflex testing up-front in the future
if the oncologist requests this information. 

New approaches for PD-L1
assessment, including RNAscope and
digital pathology, are becoming available
and may become highly relevant in the
future. 

Targeted therapies for PD-L1-
positive NSCLC patients
Much evidence supports the use of PD1
and PD-L1 inhibitors in the treatment of
NSCLC.31–37 A recent review of the current
immunotherapy landscape for metastatic
NSCLC described how five-year overall
survival improved for pretreated patients
on nivolumub (from <5% to 16%). 
This improved further to a staggering 
43% for patients expressing more than
50% PD-L1,38 which is great news for this
group of patients. 

The reported prevalence of PD-L1
expression in NSCLC ranges between 
13–70%. In reality, approximately 40% of
chemotherapy patients in my own clinics
are on some form of immunotherapy. 
In other words, I now have a targeted
treatment option for many patients who
previously had a very poor prognosis. 

Bearing in mind that things are
changing rapidly, current lung cancer

ctDNA or by tissue, with virtually identical
response rates (63% vs. 62%,
respectively).14 This may lead to
establishing liquid biopsies into
mainstream oncology.

ALK and ROS1 testing in NSCLC
ALK and ROS1 fusion genes are found in
a large number of tumour types. In the
context of NSCLC, they may be present 
in tumours where adenocarcinoma is
confirmed or cannot be ruled out, and in
other NSCLC patients who have never
smoked or are long-time ex-smokers.
Both ALK and ROS1 proteins fuse with 
a number of gene partners. 

ALK and ROS1 are membrane-bound
receptors of tyrosine kinase. In terms of
their pathological activation, most recent
interest has been in transphosphorylation
leading to kinase activation, independent
of ligand binding.15,16

ALK and ROS1 fusions are relatively
rare in pulmonary adenocarcinoma.17 In
Aberdeen, ALK fusions are present in
around 3% of cases, and ROS1 in around
1.5%. We look for them because they are
excellent drug targets and ALK/ROS1-
positive patients have very good response
rates.18–20

As a result, testing for ALK and ROS1
is now embedded into CAP/IASLC/AMP
guidelines, which recommend that both
are included in the first tier of mandatory
tests, together with EGFR mutation testing,
in patients with adenocarcinoma.21–23

ALK IHC is considered equivalent to ALK
fluorescence in situ hybridisation (FISH)
for ALK testing, and ROS1 IHC may be
used as a triage assay, with positives
confirmed by a molecular or cytogenetic
method. 

The vast majority of laboratories still
rely on tissue-based testing for ALK and
ROS1 by FISH or IHC. Molecular profiling
by NGS can be performed in parallel.
Figure 4 shows where ALK and ROS1
testing fit in the testing algorithm. 

Immunohistochemistry is quick, cost-
effective and readily available. However,
no method is without potential pitfalls
and so a potential paradigm would be to
confirm ALK-positive IHC samples using
FISH. ROS1-positive IHC samples already
require FISH or molecular confirmation.17

Targeted therapies for ALK
gene rearrangements in NSCLC
ALK gene rearrangements were first
reported in a small percentage of NSCLC
cases in 2007.24 In 2011, the first targeted
therapy for ALK rearrangements-positive
NSCLC (crizotinib) received US Food and
Drug Administration (FDA) approval,
having demonstrated an excellent
response rate (57%) and six-month
progression-free survival rate (72%) in
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Fig 2. Spectrum of EGFR mutations in a series of 18,920 NSCLC tumours.
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gene panels is to cover the
genes and mutations of
interest, and to be able to
work with the quantity and
quality of material that is
provided.

There are a number of
challenges for NGS in lung
tumour testing, not least
sample quality and quantity.
The tissue provided is often
formalin-fixed and paraffin
wax-embedded (FFPE), which 
can cause random changes in
the DNA sequence, and
samples are usually very
small. Initiatives, such as the
CRUK programme, aim to
improve and standardise the
samples provided, which will
help to improve NGS results.
Education around sample
standards has already made 
a difference. 

The workflow for NGS is
simple and much of it can 
be automated. The main

steps are:
n library preparation (DNA extraction,

fragmentation and hybridisation)
n cluster generation (clonal amplification

to ensure detectable signal strength)
n sequencing (by synthesis, with

fluorescent nucleotides)
n data analysis and reporting.

Next-generation sequencing produces 
a great deal of information, and
bioinformatics programmes are used to
sort and interpret the data. The reads are
aligned against genes of interest so that
recurrent variants or changes present in
the sample can be detected. A list of
detected variants is reported and
clinicians will look to see if any are of
clinical interest. 

The clinical applications of NGS are
widespread. In lung cancer, it is used to
detect mutations that inform a diagnosis,
(eg EGFR, ALK and ROS1). Large gene

panels are beginning to be used in
primary diagnostic, prognostic and clinical
trial settings. Next-generation sequencing
can also provide tumour signatures,40

which can provide background
information about a particular tumour. 
It can tell us about tumour mutation
burden, which is useful in decisions about
immunotherapy,41–45 and it can detect
resistance mutations, which can inform
subsequent treatment decisions.46

Next-generation sequencing is rapidly
evolving. Gene panel options are
increasing, while costs and turnaround
times are decreasing. In the future, NGS
together with ctDNA testing may even
have potential for the early detection of
cancer in high-risk group patients.47,48

The role of an NHS 
genomic hub laboratory 
The Royal Marsden Centre for Molecular
Pathology became an NHS England
regional cancer testing genomics partner
(London North hub) in November 2018.
There are seven such hub laboratories
throughout England and, through the
systematic application of genomic
technologies, they aim to:49

n enable a quicker diagnosis for patients
with rare/inherited diseases

n match people to the most effective
medications and interventions

n give more accurate and early diagnosis
of cancer

n facilitate more-effective use of cancer
therapies.

For oncology, genomic hubs will be
required to perform a range of tests from
the national test directory,50 with emphasis
on panel testing to get better overall
characterisation of tumours. In addition, 
a central facility will perform WGS, 
which is of value for certain cancers.

The testing portfolio will be designed
to help doctors make decisions for
patients, and will include targetable
mutations, diagnostic and prognostic
mutations, tumour burden, minimal
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Fig 3. Acquired resistance mechanisms for EGFR-TKIs. 
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Fig 4. The lung cancer testing algorithm. 
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treatment options in the NHS directed 
by PDL expression are shown in Table 2.
Choosing between them will often
depend on the fitness of the patient and
what they have received previously.

Next-generation sequencing 
as an enabling technology for
clinical pathology laboratories
Next-generation sequencing is important
for detecting certain genetic mutations
and resistance mechanisms in lung
cancer.39 It covers a whole range of tests,
including whole-genome sequencing
(WGS) and exome sequencing, which only
targets coding parts of the genome
(around 5000–20,000 genes). This is of
particular value in the diagnosis of rare
diseases. 

Alternatively, targeted gene panels 
(5–100 genes) can be sequenced, which 
is the predominant method used in
oncology. The ultimate aim of targeted
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ultimately, to support value-based care
modules. 

Tools, such as the NAVIFY Tumor Board,
aim to complement human knowledge
with digital knowledge. They will not
replace the roles of the clinician but rather
they will enhance their work and help to
make maximum use of their time. 
All information was correct at the time 
of the meeting (February 2019).
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Table 2. Current lung cancer treatment options in the NHS. 
Lung cancer                                                             Treatment options
Stage IV adenocarcinoma 1st line PDL>50%                       • Cis/pemetrexed + pembrolizumab 
                                                                                               • Pembrolizumab monotherapy 
                                                                                               • Nivolumab monotherapy 
Stage IV adenocarcinoma 2nd line PDL >1%                       If previous platinum combination: 
                                                                                               • Pembrolizumab monotherapy 
                                                                                               • Nivolumab monotherapy 
                                                                                               • Atezolizumab monotherapy 
Stage IV adenocarcinoma 2nd line PDL <1%                       If previous platinum combination: 
                                                                                               • Atezolizumab monotherapy 
Stage IV squamous cell carcinoma 1st line PDL>50%         • Pembrolizumab monotherapy 
                                                                                               • Nivolumab monotherapy 
                                                                                               • (Cis/gemcitabine chemotherapy)
Stage IV squamous cell carcinoma 2nd line PDL <50%       If previous platinum combination:
                                                                                               • Pembrolizumab monotherapy
                                                                                               • Nivolumab monotherapy
                                                                                               • Atezolizumab monotherapy
Stage IV squamous cell carcinoma PDL <1%                       If previous platinum combination:
                                                                                               • Nivolumab monotherapy
                                                                                               • Atezolizumab monotherapy 

Digital solutions can 
be of value, not only in
supporting treatment
decisions, but also in
monitoring treatments
and survivorship
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Fig 5. PD-L1-
positive
tumour cells.
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