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ABSTRACT

Aims The aim of this study is to extend the analysis of
the Lung Cancer Biomarker Testing Registry (LungPath),
by analysing the techniques used in the determination
of epidermal growth factor receptor (EGFR), anaplastic
lymphoma kinase (ALK), c-ros oncogene 1 (ROS1) and
programmed death ligand-1 (PD-L1) for the diagnostic
of patients with advanced non-small-cell lung cancer
(NSCLQ).

Methods Information of the technique used for the
determination of EGFR, ALK, ROS1 and PD-L1 was
recorded from March 2018 to January 2019 from 44
centres, but only 34 centres matched with the 38 centres
previously analysed, allowing to analyse the techniques
used in 8970 matched determinations of EGFR, ALK,
ROS1 and PD-L1. Therefore, a by-centre analysis studied
the level of implementation of the techniques in the

44 centres, while a by-determination analysis made it
possible to assess the overall frequency of the techniques
used on the 9134 matched samples.

Results By-centre analysis showed that only 46.5%
and 25.6% of the centres used reflex strategies for ALK
and ROS1 determination, respectively. By-determination
analysis showed that 94.4% of EGFR determinations
were performed by PCR, 80.7% of ALK determinations
were performed by IHC with clone D5F3, while 55.7% of
ROS1 determinations were performed by IHC with clone
D4D6. 22C3 were the PD-L1 clone more used (43.5%)
followed by SP263 clone (31.1%).

Conclusions The real-world evidence obtained from
LungPath shows the effort of Spanish hospitals in
performing biomarker determination in NSCLC with
different methodologies despite that next-generation
sequencing (NGS) utilisation in the year of the analysis
was low. Biomarker determination results could be
optimised with the incorporation of sequencing methods
such as NGS in pathology departments.

INTRODUCTION

Globally, lung cancer (LC) has been the most
common cancer and the leading cause of cancer
deaths." LC is made up of distinct subtypes,
including small-cell lung cancer (SCLC; approx.
15%) and non-SCLC (NSCLC; approx. 85%).>° In

® Lucia Ruiz de Alda,’

NSCLC adenocarcinoma, the most common histo-
logical subtype in NSCLC, several oncogenic and
actionable drivers have been described.*

For therapy decision with targeted drugs in LC
patients, the determination of molecular biomarkers
is considered indispensable.” According to last
consensus of the Spanish Society of Pathology
(Sociedad Espafiola de Anatomia Patolégica, SEAP)
and the Spanish Society of Medical Oncology
(Sociedad Espafiola de Oncologia Médica, SEOM),
molecular determinations for epidermal growth
factor receptor (EGFR) and BRAF mutations,
anaplastic lymphoma kinase (ALK) and c-ros onco-
gene 1 (ROS1) rearrangements, and programmed
death ligand-1 (PD-L1) expression are mandatory
to be performed in all patients with advanced
NSCLC.® In biomarker testing era, obtaining
enough sample for diagnostic and initial treatment
and also in tumour progression is crucial. On the
other hand, given that the diagnostic sample is a
limited resource, regarding the testing of molecular
biomarkers, it is still important to remember two
principles: (1) the fewer times paraffin-embedded
material (tissue or cytological as cell blocks) is
placed in a microtome, the more will be spared
and (2) the order of biomarker prioritisation is
important, as the tissue can be depleted. To meet
the first principle, testing should be always planned
in advance for every NSCLC patient.®

The determination of molecular biomarkers in
NSCLC requires the analysis of biological mole-
cules (DNA, RNA, proteins), and therefore, the
involvement of different analytical techniques such
as fluorescent in situ hybridisation (FISH), immuno-
histochemistry (IHC), PCR, sequencing techniques
such as Sanger and new molecular techniques as
next-generation sequencing (NGS).” * The choice
of technique depends on criteria such as the type
of molecular alteration (mutation, translocation
or amplification), personnel requirements, avail-
able tissue, analytical parameters (sensitivity, speci-
ficity), associated costs and others.” '° For example,
considering the complexity of EGFR mutations
and the different platforms used between different
laboratories, these new molecular techniques may

BM)

Martin-Lopez J, et al. J Clin Pathol 2023;76:327-332. doi:10.1136/jclinpath-2021-208034

acn 327

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold

Jjooyosaboysnwseiq
V11-Z39 uswiredsaq 1e 520z ‘6 dunr uo /wod fwg-daly:dny woly papeojumoq "TZ0zZ J8quiadad €T U0 +€0802-TZ0zZ-uredul|dl/ogTT 0T se paysiignd 1siiy :joyred uld ¢


http://www.pathologists.org.uk/
http://jcp.bmj.com/
http://orcid.org/0000-0002-2809-7399
http://crossmark.crossref.org/dialog/?doi=10.1136/jclinpath-2021-208034&domain=pdf&date_stamp=2023-03-25
http://jcp.bmj.com/

Original research

increase the detection of rare variants, critical to clinical deci-
sion.”" In relation to the increasing use of NGS, the SEOM
has established a framework of useful recommendations for
planned and controlled implementation of NGS in the context
of hereditary cancer.'” The ESMO has also issued recommen-
dations for the use of NGS panels in patients with metastatic
cancers, including the routine use of NGS on tumour samples in
advanced NSCLC."

Recently, the SEAP has developed the Lung Cancer Biomarker
Testing Registry (LungPath), an online non-profit tool that
permits the Pathology Departments to register, monitor and
trace the most important NSCLC biomarkers results in clinical
practice, enabling as well, comparison of their data with the
overall national data with the aim to improve quality diagnostic
procedures. A previous analysis of the Lungpath database has
already been published, describing in detail the methodology for
statistical analysis and the results of the testing and positivity
rate observed in the registry, exploring also the possible factors
associated with both testing and positivity rates.'*

The aim of this study is to extend the information reported
in the published analysis of the LungPath database,'* in partic-
ular by analysing the techniques used in the determination of
EGFR, ALK, ROS1 and PD-L1 for the diagnostic of patients
with advanced NSCLC.

METHODS

The methods used for the analysis of the LungPath database have
be?il described in detail in the previous publication by Salas ez
al.

To summarise, from March 2018 to January 2019, informa-
tion of biomarker determinations from samples of patients with
advanced or metastatic NSCLC was collected from 38 Spanish
hospitals. After the inclusion and exclusion criteria described
in Salas et al, 12 904 determination of EGFR, ALK, ROS1 and
PD-L1 from 3226 patient samples were finally analysed."*

For the present analysis of the techniques used in the biomarker
determination, information of the variable ‘name of diagnostic
test’ was recorded from 44 centres in LungPath database, but
only 34 of them matched with the 38 hospitals of the main anal-
ysis, allowing cross-checking the biomarker determination data
from the main analysis with the data from the techniques used.
Therefore, of the 12 904 determinations analysed in Salas et al,'*
the technique used was recorded in only 8970 samples that were
finally determined out of a total of 12 128 samples, as shown in
figure 1.

Given the availability of this information, two types of analysis
were conducted:

Main analysis (adapted from Salas et al., 2021) Current analysis of the testing techniques

38 centers
4,473 samples 44 centers
Exclusions 1 center that
in analysis: / \ outsourced all samples

By-determination analysis: By-center analysis:

38 centers Matching 34 centers
3226samples [~ T T T T T T T T T T T 3,032 samples
— l
12,904 determinations 12,128 determinations
recorded recorded
3,226 |[ 3,226 |[ 3,226 |[ 3,226 3,032 |[ 3,032 |[ 3032 |[ 3032
EGFR || ALK || ROS1 || PDL1 EGFR || ALK || ROS1 || PDL1
Finally determined
2948 |[ 2583 |[ 1812 |[ 1,875 2,786 |[ 2467 |[ 1,918 |[ 1,799
EGFR || ALK || ROS1 || PDL1 EGFR || ALK || ROS1 || PDL1

Figure 1  Flow chart. ALK, anaplastic lymphoma kinase; EGFR,
epidermal growth factor receptor; PD-L1, programmed death ligand-1;
ROS1, c-ros oncogene 1.

43 centers

Finally determir

» By-centre analysis: The biomarker determination protocol
established in the 44 centres mentioned above was consid-
ered to estimate the level of implementation of the techniques
in the centres. That is, which determination techniques are
used in each hospital, without analysing the number of deter-
minations performed in each one (not matching available).

» By-determination analysis: The overall frequency of the
techniques used in the 8970 matched determinations is
analysed (figure 1). In other words, the number of determi-
nations performed is analysed regardless of the centre from
which they originate.

Through these two approaches, we obtain information on the

frequency of use of the techniques both by hospital and by

determination.

As reflected in the guidelines,® for several biomarkers such
as ALK or ROSI1, screening is performed by immunohisto-
chemistry, and while for ALK determination, confirmation by
a second technique is advisable only in cases that are inconclu-
sive, in the case of ROS1, the positive results obtained should be
always confirmed by another orthogonal method (cytogenetic
or molecular) such as FISH or PCR (defined as reflex). There-
fore, for the determination of ALK and ROS1, some centres use
(and register in LungPath) two techniques, an IHC and a FISH
usually. Therefore, in LungPath several hospitals register the use
of 2 techniques (an IHC and a FISH) for the determination of
ALK and ROS1, interpreting that they perform a reflex strategy
to FISH.

Thus, in the by-centre analysis those centres that records an
ITHC and a FISH for the determination of ALK and ROS1 are
categorised as reflex centres.

In the quantitative analysis, the matched determinations
corresponding to reflex centres should be assigned to IHC and/
or FISH. It is assumed that IHC is performed in all the samples
(screening), and FISH would be performed only in positive
results obtained by IHC. From the main analysis of LungPath'
we know the positivity rate of ALK and ROS1, and we can
assume that both techniques (IHC and FISH) have been used
in the reflex centres, but the exact number of FISH determina-
tions is unknown, since it depends on the specificity of IHC. For
example, considering for the IHC a specificity close to 100%,
there would be very few false positives so that the number of
confirmatory determinations performed by FISH would be very
similar to the number of positives recorded in LungPath. By
decreasing the specificity of IHC, more positive results would
be obtained in the screening that would have to be confirmed
by FISH. The influence of the specificity of IHC in the overall
frequency of the techniques is evaluated in the sensitivity analysis.

RESULTS

By-centre analysis

Of the 44 hospitals included in the by-centre analysis, 1 centre
outsourced to a referral hospital all its samples for analysis, so
it did not collect information from the techniques. Therefore,
information on the biomarker determination protocols of 43
centres were finally analysed.

EGFR was main determined by PCR. Specifically, 37 out of
43 centres (86.0%) registered a PCR method for the determi-
nation for EGFR, with the Cobas 4800 EGFR Mutation Test
(Roche) being the most widely used commercial kit (30 out of
37 centres). Three centres (7.0%) used sequencing methods
such us Sanger (one centre) and NGS (two centres), while the
remaining three centres (7.0%) outsourced the EGFR determi-
nation (figure 2).
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Figure 2 Summary of the results of the by-centre analysis (N=centres). ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor;
FISH, fluorescent in situ hybridisation; IHC, immunohistochemistry; PD-L1, programmed death ligand-1.

Regarding the determination of ALK and ROS1, 20 (46.5%)
and 11 (25.6%) centres up of 43 used reflex strategies (confir-
mation by FISH of positive results obtained by IHC), respec-
tively. For the determination of ALK, IHC was used in 36 centres
(83.7%), FISH was used in 25 centres (58.1%) among which
FISH is the only method used in 5 centres (11.6%), while in 20
centres (46.5%) FISH is used as a confirmatory assay, and a PCR
and NGS methods were only used in 1 centre each. DSF3 was
the most used ALK-clone by far (35 centres, 81.4%). For the
determination of ROS1, IHC was used in 23 centres (53.5%)
and FISH was used also in 23 centres (53.5%) among which
FISH is the only method used in 12 centres (27.9%), while in 11
centres (25.6%) FISH is used in a confirmatory manner. D4D6
was the most used ROS1-clone (22 centres, 51.2%). For both
ALK and ROS1, the most commonly used commercial FISH
assay was the Break Apart FISH Probe Kit (Vysis/Abbott) (17 out
of 25 for ALK and 13 out of 23 for ROS1). NGS and Nanostring
were used only in one centre each (figure 2).

Finally, for the determination of PD-L1, IHC was used in the
42 centres (97.7%). The four PD-L1 clones used were 22C3 (23
centres, 53.5%), SP263 (14 centres, 32.6%), 28-8 (4 centres,
9.3%) and E1L3N (1 centre, 2.3%).

Figure 2 shows the results of the qualitative analysis for the
four biomarkers, showing the grouping by type of technique
used in the centres, also differentiating the clones used in the
case of THC.

By-determination analysis

In addition to the by-centre analysis data shown in figure 2, the
by-determination analysis shows the data from the techniques
used in the determination of 8970 samples (table 1). As described
in methods, for ROS1 and ALK two techniques are frequently
used in the determination of a sample (IHC for screening and
FISH for confirmation of positives), so the number of determi-
nations shown in table 1 is greater than the number of samples.
Therefore, as can be seen in table 1, the total number of determi-
nations exceeds 100% for ALK and ROST1. In the FISH frequen-
cies shown in the table, it was assumed that there are no false
positives in the previous determination by IHC, that means that
only 3.4% of ALK and 2% of ROS1 positives are confirmed by
FISH.

Sensitivity analysis
As described in methods section, due to the centres that perform
reflex for the determination of ALK and ROS1, the exact number
of confirmations by FISH is unknown, since it depends on the
specificity of IHC.

As a sensitivity analysis, table 2 shows how the number of FISH
confirmations shown in the previous table would be increased by
modifying the specificity of IHC.

Table 1 Results of the quantitative analysis (n=determinations)
Determinations
Biomarker Grouping by technique type n (%)
PCR 2631 94.4
Sequencing 110 3.90
Outsourced 45 1.60
Total EGFR determinations 2786 100
ALK IHC—clone D5F3 1990 80.70
IHC—clone 54A 210 8.50
FISH 320 13.00
Other (PCR) 3 0.10
Total ALK determinations 2523 102.3*
ROS1 IHC—clone D4D6 1069 55.70
IHC—clone SP384 0 -
FISH 846 44.10
Outsourced 16 0.80
Total ROS1 determinations 1931 100.7*
PD-L1 IHC—clone 22C3 782 43.50
IHC—clone SP263 559 31.10
IHC—clone 28-8 393 21.80
IHC—clone ETL3N 31 1.70
Outsourced 34 1.90
Total PD-L1 determinations 1799 100.00

*IHC and FISH are mutually non-exclusive. 3,4% and 2% of positive results
obtained by IHC screening and confirmed by FISH for ALK and ROS1, respectively.
ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; FISH,
fluorescent in situ hybridisation; IHC, immunohistochemistry; PD-L1, programmed
death ligand-1; ROS1, c-ros oncogene 1.
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Table 2  Results of sensitivity analysis of the quantitative results for ALK and ROS1

ALK* ROS1t

IHC FISH IHC FISH

n (%) n (%) n (%) n (%)
Base case (100% specificity) 2200 89.20 320 13.00 1069 55.70 846 44.10
95% IHC specificity 2200 89.20 399 16.20 1069 55.7 879 45.80
90% IHC specificity 2200 89.20 479 19.40 1069 55.70 912 47.50
85% IHC specificity 2200 89.20 558 22.60 1069 55.70 945 49.30
80% IHC specificity 2200 89.20 638 25.90 1069 55.70 975 51.00
75% IHC specificity 2200 89.20 n7 29.10 1069 55.70 1010 52.70
70% IHC specificity 2200 89.20 797 32.30 1069 55.70 1043 54.40

*IHC and FISH are mutually non-exclusive. The samples analysed by PCR (N=3; 0,1%) are not shown in the table as they do not affect the sensitivity analysis.
tIHC and FISH are mutually non-exclusive. The samples outsourced to a referral hospital (N=16; 0.8%) are not shown in the table as they do not affect the sensitivity analysis.

ALK, fluorescent in situ hybridisation; FISH, fluorescent in situ hybridisation; IHC, immunohistochemistry; ROS1, c-ros oncogene 1.

DISCUSSION
It is now a reality that in patients with advanced NSCLC, not
only pathological information but also predictive biomarker
results are needed to enable treatment selection in some patient
subgroups.'® As a result, accurate molecular diagnosis in patients
with NSCLC is becoming increasingly important in routine clin-
ical practice.'” In this clinical context, registries allow control
and monitoring of predictive biomarkers and play an important
role in standardisation and quality of clinical practice, which
will ultimately have a clear benefit for patients (Lungpath data-
base).'* 1

This study aims to extend the information provided by the
analysis LungPath registry previously carried out by Salas et al,'*
in particular, by analysing the techniques used in the determi-
nation of EGFR, ALK, ROS1 and PD-L1 for the diagnostic of
patients with advanced NSCLC." It should be noted that even
though the mandatory test for each patient with advanced
NSCLC are EGFR and BRAF mutations, ALK and ROS1 rear-
rangements and PD-L1 expression, this analysis of LungPath (in
line with previous one) focused only in four main biomarkers
(EGFR/ALK/ROS1/PD-L1).° ™4

As previously discussed in the analysis by Salas et al,'* no
other similar registries of biomarkers testing in patients with LC
have been found in Spain. In the European context and focusing
on the techniques used in the determination of biomarkers in
NSCLC, Ryska et al' conducted a questionnaire about molecular
testing and NSCLC management to relevant specialists in nine
Central and Eastern Europe countries in 2014. According to this
questionnaire, IHC, followed by FISH confirmation in positive
cases, had been widely adopted for ALK testing. According to the
authors, this could be explained by the fact that THC is a quick,
less expensive and technically easier method, in addition that
the Food and Drug Administration’s acceptance of Ventana ALK
DSF3 THC as an adjunctive test to identify patients for crizotinib
treatment provides additional support for the routine use of
IHC." It should be noted that the data from Ryska ez al’ reflect
the status quo in 2014, and molecular testing is evolving fast
with changes in testing methods being implemented. Therefore,
it could be considered that results of the Ryska et al' study are
in line with the results of our analysis, according to which, IHC
for ALK determination is the technique used in most Spanish
centres (83.7% of the centres) followed by FISH (58.1% of the
centres) used in most of the centres in a confirmatory manner,
also called reflex strategy (of all samples analysed by IHC, 3.4%
were confirmed by FISH). It is possible that the higher repre-
sentation of the use of IHC compared with FISH is due to the

fact that, in addition to be an equivalent alternative to FISH,
it is a quick and cost-effective technique that can be applied to
different biological specimens, such as biopsies or cytological
samples.® In addition, ALK testing with IHC is well established
and there is ample evidence to support its use.'” On the other
hand, the use of the reflex strategy shown in the analysis is also
advised by SEAP, especially in inconclusive THC cases.®

Relative ROS1 determination and according to the present
analysis, IHC and FISH were used in the same number of
centres (53.5% each) although in roughly half of the centres
where FISH was used, it was assumed that it was used as a reflex
strategy (of all samples analysed by THC, 2% were confirmed
by FISH). NGS and Nanostring were the least used techniques
(2,3% of centres, each one). This is not completely in line with
international and national guidelines that, among the possible
methodological approaches (IHC, FISH, PCR and NGS), recom-
mend THC as a screening method and confirmation of positive
cases with another orthogenetic method (cytogenetic or molec-
ular).® "7 According to the results of our analysis, ALK IHC was
more widespread in clinical practice than ROS1 IHC, for whose
determination, FISH testing was still widely used. This could be
due to ALK has a higher reliability than ROS1-IHC for which
there is still no real-world evidence (although there are two
commercially available antibodies).® Moreover, it is important
to consider for the understanding of these results, that ROS1
expression without underlying rearrangement (false positives)
has been described in nearly a third of tumours.®

For both ALK and ROS1 by-determination analysis, there
is some uncertainty about the exact number of confirmations
performed by FISH after a positive result detected by THC.
This is due to a limitation of the database analysis, for which
individualised information was not available in case the same
sample was analysed by two different techniques. Therefore, to
evaluate this uncertainty associated with the number of FISH
determinations for both ALK and ROS1, a sensitivity analysis
was performed. This analysis shows that in the most extreme
cases where a low specificity of IHC would lead to more false
positives, the number of FISH needed to confirm those positives
results increases considerably.

In terms of EGFR determination and according to the present
analysis, the most commonly used technique was PCR by far.
These results are also in line with the Ryska’s et al study” (previ-
ously described) in which it is reflected that the PCR was used
in all countries included and direct sequencing in five of nine
countries included. PCR and sequencing techniques (Sanger
and NGS) are the methods described for EGFR testing in the
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national consensus of the SEAP and SEOM.® However, if suffi-
cient expertise is available, and if the extended biomarker panel
is to be tested, the SEAP and other international societies recom-
mends to determine the EGFR mutation with targeted NGS
panels.® This is because, beyond the most common mutations
such as deletions in exon 19 and point mutations in exon 21
(accounting for approximately 90% of cases), NGS utilisation
enable the identification of rare variants, usually missed by avail-
able commercial kits that detect only a limited number of EGFR
mutations. Some of these uncommon EGFR-mutations include
insertions and/or point mutations in the exon 20, substitutions
in the exon 18, complex mutations, exon 19 insertions or rare
variant deletions, and less common mutations in the exon 21.'3

Finally, as for PD-L1 determination, IHC was the only tech-
nique used according to the present analysis, which is explained
by the fact that it is the only technique that detects protein over-
expression, given that the westernblot could be a more accurate
alternative but is not used in pathological anatomy.

As our results show, the clone most commonly used for PD-L1
determination in clinical practice is clone 22C3 by Agilent/Dako,
which share the Autostainer LINK 48 diagnostic platform by
Dako. Also, clone SP263 by Spring/Bioscience/Ventana shares
the Ventana BenchMark diagnostic platform, and it is the second
most used clone according to the results of the by-determination
analysis. It is noteworthy that in the year of analysis the deter-
mination of PD-L1 expression by IHC was rapidly adopted by
pathology laboratories, reaching testing rates higher than those
of ROS1." However, the results of the present analysis show
how in the same year the use of NGS is almost marginal, so
future efforts in biomarker diagnosis should focus on the imple-
mentation of NGS in hospital pathology departments.

Following the discovery of new low-frequency abnormali-
ties and due to the limited resources of the diagnostic samples,
there is a need to change the approach to testing.® The anal-
ysis of Lungpath registry carried out by Salas et al'* shows that
the determination of some mandatory biomarkers (EGFR/ALK/
ROS1/PD-L1) was not always performed, and list among the
probable causes, the sequential determination in some laborato-
ries, and the lack of sample material or the poor quality of the
sample containing insufficient tumour cell percentage to deter-
mine all biomarkers.'* NGS is a multigene testing technique that
allows sample optimisation and that it is capable of detecting not
only point mutations or insertions/deletions but also rearrange-
ments and copy number variations.® As the results of the present
analysis for the different biomarkers show, NGS is not a widely
used technique in clinical practice in Spain, however, the needs
previously discussed and also the financial burden of molec-
ular testing warrants the establishment of a routine and more
comprehensive molecular assessment with targeted NGS.! ¢ In
this respect, the creation of multidisciplinary committees for
analysing the molecular diagnoses will facilitate and optimise the
diagnosis of the NSCLC patient.® Also, more studies assessing the
cost-effectiveness of implementing NGS in anatomic pathology
laboratories are needed. The results of our additional analysis
of the LungPath database show that the use of NGS should be
encouraged in the coming years.

In summary, LungPath database contains the largest amount
of real-world data on biomarker testing in Spain, and it allows
a better understanding of national diagnostic practices in LC
biomarkers, represents a useful tool to analyse variations between
different centres and an advance in protocol standardisation, the
quality assurance and the implementation of future biomarkers.

Given the clinical and economic impact of the determination
of biomarkers for the correct treatment of patients with NSCLC,

the information presented both in the previous analysis'* and in
this analysis, and future studies in this field are of special interest
for pathologists, for the scientific society and for the national
health system." ?°

Take home messages

= Lung Cancer Biomarker Testing Registry (LungPath) contains
one of the largest amounts of real-world data on biomarker
NSCLC testing.

= At the time of analysis, despite the effort of Spanish hospitals
in performing biomarker determination in NSCLC, there is still
room for improvement, thus optimising the diagnosis of these
patients.

= The way of optimising the biomarker determination in NSCLC
could be the implementation of next-generation sequencing
in clinical practice for molecular characterisation in patients
with cancer.

Handling editor Runjan Chetty.
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