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Introduction: Osimertinib is now licensed for use in early-stage non-small cell lung cancer patients (NSCLC) as an adjunct in
the post-surgical setting. Identification of appropriate patients for this therapy relies upon identification of somatic epidermal
growth factor receptor (EGFR) mutations. The IdyllaTM EGFR Mutation Test is a rapid, fully automated near patient test that
could be used in histopathology laboratories to identify such patients.

Methods: We conducted a pilot study of 12 consecutive patients with non-squamous NSCLC histology undergoing intra-oper-
ative frozen section diagnosis over a two-year period to determine the suitability of frozen tissue for EGFR testing as compared
with matched formalin-fixed paraffin-embedded (FFPE) tissue samples.

Results: There was a 100% concordance of findings between the IdyllaTM EGFR Mutation tests conducted on frozen section
and FFPE tissue samples. There was also full concordance with next generation sequencing (NGS) results, where performed.
The cycling quotient (CQ) value for fresh frozen tissue samples was significantly lower than that for FFPE samples (p<0.0001).

Conclusion: This is the first study to assess suitability of DNA in fresh frozen samples at time of intra-operative frozen section
for NSCLC patients using a rapid, automated, singe gene polymerase chain reaction (PCR) method. This test could be used to
identify appropriate patients for post-surgical, adjuvant Osimertinib therapy. There are potential cost and time savings by choos-

@g this singe gene test rather than utilising NGS methods for early-stage NSCLC patients. )
Introduction even with post-operative standard chemotherapy [7]. The AD-

Tyrosine kinase inhibitors have been used in the treatment
of patients with disseminated Non-Small Cell Lung Can-
cer (NSCLC) harbouring epidermal growth factor receptor
(EGFR) mutations for over ten years [1-4]. Mutations in the
somatic lung EGFR gene drive cells to divide and proliferate
and result in adenocarcinomas in 10- 20% of patients in the UK
[5]. Osimertinib is a third-generation tyrosine kinase inhibitor
drug with irreversible binding affinity for the EGFR receptor
that can give patients extended survival in NSCLC [6]. It has
a better safety profile than standard, platinum-based chemo-
therapy and has the added benefit of administration as an oral
agent in the community [6].

However, standard care for early-stage NSCLC patients (stage
IB, II or IITA) is surgical resection by lobectomy and regional
lymph node dissection and this mode of management applies
to a third of lung cancer patients overall [6]. Unfortunately,
up to three quarters of patients will develop disease recurrence

UARA trial showed that patients with early-stage NSCLC re-
ceiving adjuvant Osimertinib post-surgery had a longer cancer
free survival interval compared with controls where patients
had somatic EGFR mutations in exons 19 and 21 of their tu-
mour [8]. The Medicines and Healthcare products Regulatory
Agency (MHRA) have recently licensed Osimertinib for use in
the UK for patients with early stage, EGFR-mutated NSCLC
in adults following complete surgical resection on the basis of
this evidence [9].

We sought to determine whether a fully-automated, rapid PCR
assay could be used at the time of intraoperative frozen section
in NSCLC patients to support this medical advance and to help
surgical oncologists identify suitable patients for personalised
adjuvant therapy in a short-time frame. Some patients with a
lung lesion identified on CT are not eligible for pre-operative
diagnosis due to inaccessibility or high-risk of serious mor-
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bidity as a consequence of 1mage guided core biopsy. These
patients have an intra-operative frozen section to confirm ma-
lignancy at the start of the resection surgery before proceeding
with a lobectomy and nodal dissection.

We compared CQ values as a measure of DNA quality input
into the fully automated rapid PCR console with paired for-
malin fixed, paraffin embedded tissue samples from the same
patients. Previously, we have verified the IdyllaTM EGFR
Mutation Test (a rapid automated PCR assay) as a suitable ad-
junct to biomarker detection pathways by comparing with next
generation sequencing [10]. We found a detection concordance
0f 96.3 % for detection of EGFR point mutations in DNA be-
tween the two assay methods [10]. The rapid PCR method of-
fers the possibility for same day detection of the most common
EGEFR variants in NSCLC which is particularly important for
patients with stage 4 disease who are at risk of rapid clinical
deterioration, as acknowledged in the NHS England salvage
pathway [11].

Methods

Case selection

Consecutive patients undergoing intra-operative frozen section
diagnosis during surgical resection of a lung mass were poten-
tially eligible for inclusion in the study. Patients underwent the
IdyllaTM EGFR Mutation Test following standard of care pro-
cedures for frozen section only after identification of morphol-
ogy to suggest a diagnosis of carcinoma, NOS or adenocarci-
noma favouring lung primary. Patients with factors suspicious
for a diagnosis of tuberculosis are not eligible for frozen sec-
tion diagnosis. Minimum sample requirements for rapid auto-
mated testing included 10% tumour nuclear content (TNC) and
the ability to take a 5-10 pm thick tissue section. Samples were
frozen to -400C using the automated PrestoCHILL (Milestine
Medical) platform with MMC, MilestoneTM Cryoembedding
Compound.

An adjacent fresh tissue sample was selected for processing
into a Formalin Fixed Paraffin Embedded (FFPE) tissue block
for quality assessment of material submitted rapid PCR. The
test used fresh and FFPE paired samples left over following
standard of care requirements.

Case mix

All patients with non-squamous, non-small cell neuroendo-
crine carcinoma of the lung identified by intra-operative frozen
section histopathological analysis were included in the study
on a non-selected, all-comers basis. Palpation guided intra-
operative biopsy or wedge resection of lung or peripheral tu-
mours were equally eligible for inclusion. Patients under the
age of 18 years were not included.

Pre-analytical considerations

Sufficient fresh non-squamous, NSCLC tumour samples were
required for testing as described above. A second block of tis-
sue was selected from the opposing face of the dissected fresh
sample for processing into an FFPE block. FFPE processing
required fixation in 10% neutral buffered formalin for at least 6
hours prior to automated, standard overnight protocol process-
ing on Thermo Fisher Scientific Exselsior ES tissue processors
(2008). The oldest FFPE block used in the study dates from
the end February 2020. Testing concluded by mid-September
2022. The maximum storage time for FFPE tissue blocks was
31 months

Idylla EGFR Mutation Test

Tissue sections, frozen and FFPE, were taken from the micro-
tome direct to the ‘IdyllaTM EGFR Mutation Test’ cartridge
directly without use of a water bath or mounting on glass
slides. Due to the nature of the procedure and sample size,
microdissection was not required for TNC enrichment. Fro-
zen and allied FFPE tissue slides were assessed for TNC by a
single pathologist (AF) according to published guidance and
previous work [12,13].

Tissue samples were sandwiched between moist filter paper
discs to ensure adherence to test platform in the cartridge base.
Molecular grade, nuclease-free water was used to moisten the
filter paper discs. Automated DNA extraction within the Idyl-
laTM EGFR Mutation test cartridge prevents sample contami-
nation and need for molecular grade facilities within the his-
topathology department. Pre-determined primer sets identify
the presence of up to 51 specific EGFR mutations within rapid,
automated assay by detecting fluorescence above a proprietary
threshold during PCR. Cycling Quotient (CQ) values were re-
corded as a proxy measure of DNA quality where lower CQ
values indicate fewer cycles of PCR being required to detect
control fluorescence. A CQ value of 20 is equivalent to 200ng
of DNA as determined in experiments conducted by the manu-
facturer [10,14].

A CQ value of 19.8 was generated for EGFR control samples
containing 2500 copies of the gene and 21.3 for I000WT cop-
ies of EGFR control gene input [14]. The rapid PCR assay has
a CE-IVD certificate from the MRHA for use as a clinical di-
agnostic assay based on FFPE tissue samples [14]. The Limit
of detection of the test is less than 5% TNC for mutations in
exons 19, 20 and 21 of the EGFR gene and <10% for exon 18
[14]. Only tumour exon 19 deletions and the L858R mutation
in exon 21 of the EGFR gene are relevant to the licensed pre-
scription of Osimertinib in the clinical context of post-surgical
adjuvant treatment [9].

The ‘IdyllaTM EGFR Mutation Test’ cartridge contains PCR
primers to detect both of these common EGFR mutations
that occur in a minority of NSCLC patients. This study was
designed to determined suitability of fresh frozen tissue as a
potential DNA input source for rapid reporting of EGFR muta-
tions where clinically appropriate.

Ethical considerations

The study proposal was reviewed the Swansea Bay Univer-
sity Health Board Joint Study Review Committee and deemed
service development. Audit, service development and quality
improvement projects are exempt from the need for research
ethics review [15,16]. No randomisation or management/treat-
ment interventions took place as part of, or consequence of, this
project. The findings may be of use to our local patient cohort
and are not generalisable. Compliance with Human Tissue Au-
thority guidance on use of diagnostic human tissue is assured.
Verification of all new assays require in-house verification to
meet [ISO15189 medical diagnostic laboratory standards.

Statistical analysis

Descriptive statistics and a paired t-test were prepared using
SPSS V.26.0.0 statistical package from IBM and graphad.com.
Study was closed when statistical significance for differenc-
es between CQ values between the paired sample types was
achieved. CQ values were assumed to follow a normal distri-
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Table 1: Clinical background, staging, treatment and follow-up status of patients undergoing intra-operative thoracic frozen section.

No. | A g e | Pre-op | Histology at FS [ Histology at | Radiological | Pathologi- | Osi | Follow up
years | PS FFPE pre-op  stage | cal Staging | Y/N
and tumour | and tumour
size (mm) size
1 73 0 Carcinoma poor- | Adenocarcinoma, | T2a NO Tlc NO N Disease free and
ly differentiated solid pattern 35mm 28mm well @ 31 months
post-op f/up
2 78 1 Adenocarcinoma | Adenocarcinoma, | T2a NO 35mm TIc NO N Disease free and
Treated for TB acinar 23mm well @30 months
flup
3 74 0 Adenocarcinoma | Adenocarcinoma, | TIb NO I5mm TIa NO N Disease free and
acinar. Foci x3 10mm well @27 months
background AIS flup
and x1 AAH.
4 75 0 Adenocarcinoma, | Primary  enteric | T2a NO T2a NO [ N Disease free and
mucinous phenotype adeno- | 17mm (PL1) well @21 months
carcinoma 34mm flup
5 70 0 Carcinoma NOS, | Adenocarcinoma, | T1b NO TIla NI N Disease free and
poorly differenti- | poorly differenti- | 15mm 10mm well @ 20 months
ated ated f/up
6 79 0 NSCLC, favour | Adenocarcinoma, | Tlc NO T1b NO N Disease free and
adenocarcinoma | papillary 40% and | 21mm 20mm well @ 19 months
lepidic 60% f/up
7 80 2 Adenocarcinoma | Adenocarcinoma, | T2a N2 TIa NO N Deceased 2/12
papillary and mi- | micropapillary | 13mm 10mm post op from
cropapillary 85%, and papil- stroke
lary
8 69 0 Adenocarcinoma | Adenocarcinoma, | TIa NO TI1b NO N Disease free and
acinar 9mm 11mm well @ 9 months
f/up
9 69 0 Adenocarcinoma | Adenocarcinoma, | TIb NO TIb NO N Disease free and
acinar and lepidic | 12mm I1mm well @ 7 months
flup
10 |74 | Adenocarcinoma | Adenocarcinoma, | T3 (satellite | T2a (PLT) [ N Disease free and
papillary pattern nodules in same | N2 well @ 7 months
lobe) NO 30 mm f/up.
27mm Background
granulomas
related  to
aspiration.
11 64 0 Adenocarcinoma | Adenocarcinoma, | T1c NI 26mm T2a NO N Disease free and
foetal type 31mm well @ 2 months
fhup

Abbreviations: T, tumour; N, lymph node; PL, pleural invasion; EGFR, epidermal growth factor receptor; TPS, performance
status; FS, frozen section; FFPE, formalin fixed, paraffin embedded; Osi, Osimertinib; No, case number; f/up, follow-up; TB, My-

cobacterium tuberculosis.

Results
Twelve patients underwent frozen section with non-squamous,
Non-Small Cell Neuroendocrine Carcinoma (NSCLC) mor-
phology between February 2020 and May 2022. One of these
frozen section samples was compromised and could not be
tested as a fresh frozen sample leaving eleven cases suitable for

analysis. All samples submitted were peripheral lung wedge vant Osimertinib in the post-operative period.

resections for primary frozen section diagnosis.

Most patients in the cohort had a performance status of 0 and
a successful outcome following surgery. One patient was de-
ceased 2 months after surgery due to cerebral infarction. See
Table 1 for clinical details. None of our patients received adju-
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One patient started adjuvant Carboplatin treatment in a setting
of regional lymph node metastases being identified in the surgi-
cal resection specimen. Two cases were reported as carcinoma,
not otherwise specified at frozen section; Both of these cases
were poorly differentiated adenocarcinoma as determined by
immunohistochemistry performed on the formalin fixed, paraf-
fin embedded (FFPE) tumour blocks.

The Cycling Quotient (CQ) value is a proxy reflection of the
amount and quality of DNA available or polymerase chain re-
action (PCR) in the automated EGFR mutational test. A low

CQ value indicates that fewer cycles of PCR were required for
sufficient levels of florescence to be detected for a valid call
by the Idylla™ instrument software. The instructions for use
document for Idylla™ EGFR Mutation Test, states an optimal
CQ value range of 19 and 24 for clinical reliability of use. The
difference between the CQ values between the groups was de-
termined using the paired T-test as both groups of CQ values
were from the same patient sample and therefore considered
dependent. See table 2. The two-tailed p-value is less than
0.0001, which indicates an extremely statistically significant
difference.

Table 2: EGFR analysis using a rapid PCR assay and fresh frozen or formalin fixed paraffin embedded (FFPE) tissue.

No. [ TAT for [ Sample [ C Q | Sample [ C Q [ TNC | Mutational | Mutational | Details of Next Generation
FS (min- | size FS | value | s i z e | value | (%) | status of | status of | sequencing
utes) (mm?) FS IERERRSEN REERE) EGFR FS EGFR FFPE
(mm?)
1 28 I10um | 16.6 | Sum 22.6 10 No mutation | No mutation | ND
180mm 228mm
2 37 Sum 16.2 | Spm 24.8 40 No mutation | No mutation | ND
414mm 420
3 51 I0pm 16 Spum 255 5 No mutation | No mutation | ND
126mm 300
4 33 NR 17.1 | Spm 24.6 10 No mutation | No mutation | I.Insufficient DNA (FFPE)
255mm 2. Repeat, EGFR WT
BRAF, KRAS,NRAS, PIK-
3CA, CDNKN2A, ERBB2,
PTEN, RET also WT.
5 47 [0pm 16.1 | 10um 25.1 15 No mutation | No mutation | EGFR WT as full panel.
48mm 100mm above
RNA seq negative.
6 52 Sum 158 | Sum 22 25 No mutation | No mutation | ND
320mm 580mm
7 20 Sum 15.7 | 10pum 24.1 30 No mutation | No mutation | ND
130mm 25mm
8 73 Sm 14.5 | T0um 21.7 140 No mutation | No mutation | ND
270 25mm
9 49 Sum 154 | Spm 223 30 No mutation | No mutation | ND
320mm 170mm
10 | 42 Sum 147 | Sum 232 |20 No mutation | No mutation | EGFR WT
300mm 522mm BRAF WT
KRAS 34G>T exon 2
11 | 40 Sum Spm 199 | 40 No mutation | No mutation | EGFR WT
300mm | 14 528mm BRAF WT
KRAS WT

Abbreviations: EGFR, epidermal growth factor receptor; TAT, turn-around time; FS, frozen section; FFPE, formalin fixed, paraffin
embedded; TNC, tumour nuclear content, CQ, cycling quotient; ND, not done; WT, wild-type; NR, not recorded.

All eleven samples were devoid of EGFR mutation by rapid
PCR and next generation sequencing (NGS). The outcome of
the rapid PCR test was the same for FFPE samples and fresh
sections samples in 100% of cases.

The study commenced before Osimertinib was approved for
clinical use in a post-surgical adjuvant setting in early-stage
NSCLC. Until October 2021, pathologists in our health board
only reflex requested DNA NGS for those patients with stage 3
and stage 4 disease in an effort to target valuable resources to
cases of clinical utility.

Table 3: Statistical Data from Paired T-test.

Tissue input | Fresh frozen | FFPE
Mean CQ 15.645 23.225
SD 0.931 1.731
SEM 0.281 0.522
Number 11 11

Abbreviations: CQ, Cycling Quotient; FFPE, formalin fixed,
paraffin embedded; SD, standard deviation; SEM, Standard er-

ror of the mean.
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Discussion

Our study is the first to assess frozen tissue for molecular anal-
ysis of NSCLC tissue during intra-operative frozen section di-
agnosis. Intra-operative molecular analysis has been trialled in
breast cancer patient to refine diagnosis of metastatic disease
within axillary sentinel lymph nodes with good results but a
role for molecular diagnostics has yet to be demonstrated in
other clinical settings [17,18]. Some rapid, fully-automated
PCR assays by Biocartis are designed specifically for use with
fresh and frozen samples in the context of infectious disease
but their solid tumour oncology assays are designed for use
with FFPE tissue [19,20]. A paper by Dagogo-Jack et al, dem-
onstrated that the Idylla EGFR assay could be used with frozen
tissue input in a workflow designed to make ultra-rapid diag-
nostic information available to guide oncologic treatment in an
advanced disease setting [21]. Some authors have also verified
use of IdyllaTM cartridges with pre-extracted DNA and using
fluid cytology specimens [22-24].

Our data suggest that the quality and quantity of DNA available
for PCR in the fully automated, rapid PCR assay was greater in
the fresh frozen tissue samples than in the subsequent matched
FFPE tissue samples. This is an expected conclusion as forma-
lin-induced protein-DNA cross linking requires harsh chemi-
cal treatment to liberate DNA for PCR. The process of DNA
extraction from FFPE tissue results in single strand breaks and
smaller nucleotide length, as would be reflected in the CQ val-
ue [25]. Despite this the rapid, fully-automated PCR assay was
designed for use in lung cancer specimens in standard histo-
pathology practice and based on FFPE tissue validation proto-
cols. As such, the instructions for use indicate a recommended
CQ spectrum of between 18 and 25 for wild-type EGFR DNA
[14]. The mean CQ value found for FFPE was 23.225 and for
fresh frozen tissue was 15.645 in our paired samples set and
was statistically significant (p>0.0001). FFPE results were well
within the expected CQ range. For the fresh samples, techni-
cally, these are outside the expected range for the test as it is
designed for use but suggests significant improved yields of
DNA for PCR which is likely because of less formaldehyde
induced damage. Our findings appear to be at odds with Sorber
et al, however, who describe deterioration of nucleotide con-
tent compared with paired FFPE lung malignancy samples dur-
ing their verification of the IdyllaTM GeneFusion assay [18].
However, the Sorber study focussed on RNA content for the
IdyllaTM GeneFusion assay and used frozen tissue samples
that had been stored for up to 9 years at -800C prior to analy-
sis [26]. It is well known that RNA is a much more fragile
nucleotide molecule in comparison to DNA and can suffer deg-
radation from nuclease enzymes in the environment and are
more sensitive to hydrolysis because of the additional hydroxyl
group that forms part of the ribose structure [27]. Most stud-
ies agree that the quantity and quality of extractable DNA is
superior in fresh frozen tissue compared with FFPE archived
tissue [17,18,28,29, 30-32] and this is clearly reflected in our
data also.

In our centre, we usually perform in the region of 75 frozen
sections per annum (1 or 2 per week). This number was sub-
stantially reduced by restrictions to operative practices during
the pandemic and is a limitation of our study. Indeed, frozen
sections diagnosis was actively discouraged early in the pan-
demic as the procedure generates aerosol droplets containing
microscopic particulate matter and putting biomedical scientist
staff at risk of developing COVID-19. This study commenced
early during the COVID-19 pandemic and a short fall of op-

erative procedures during this time gave limited numbers of
intra-operative frozen section samples for analysis. All of the
submitted samples were to determine whether the radiologi-
cally-identified lung mass was benign or malignant in order
to influence immediate surgical management of the patient. In
our centre, the majority of patients have their surgical treat-
ment planned on the basis of a pre-operative diagnostic biopsy,
which may be bronchial, CT-guided or from endobronchial
ultrasound-guided (EBUS) fine needle aspiration cytology of
mediastinal lymph nodes. In a minority of patients, the tumour
may be inaccessible to a biopsy needle or endoscope or biopsy
may be deemed as too high-risk due to anatomical proximity
to essential structures and/or pre-existing co-morbidities that
severely restrict lung function. A further limitation of our work
is not having direct access to molecular laboratory facilities to
extract DNA from the paired fresh and FFPE tissue samples
and attempt to quantify the DNA content of each, e.g., using a
Qubit Fluorometer or NanoDrop spectrophotometer (Thermo
Fisher ScientificTM) [33].

At the time of writing, Osimertinib is the only targeted therapy
indicated in the post-surgical setting as an adjuvant treatment
in early-stage NSCLC [8,9,34,35]. The decision to treat with
adjunct Osimertinib relies on information from the EGFR gene
alone and so this represents an indication for single gene test-
ing by PCR. This approach could save considerable amounts
of money for the NHS, and in other healthcare settings, by
refraining from a blanket approach of DNA NGS sequencing
for all lung cancer patients. It may be more in keeping with
principles of prudent healthcare to choose this single gene test
at around £150 per sample for the rapid automated PCR test as
opposed to £785 (Illumina TrusightTM NGS panel) per sample
cost [36]. At a time of rising inflation and NHS resource con-
straints, the issue of cost cannot be ignored particularly when
early-stage NSCLC patients make up around 30% of patient
cohorts. In addition to the cost savings, the turnaround time
for individual tests is 180 minutes with minimal (2 minutes)
of operator time and suitability for use in histopathology labo-
ratories without molecular grade facilities needed for nucleic
acid extraction. We have previously shown that turnaround
time is of critical importance for late-stage NSCLC patients
[10]. Though this may not be of such clinical concern in the
adjuvant setting, the cost and efficiency savings are attractive.

Take home lessons:

. This is the first study to assess suitability of DNA in
fresh frozen samples at time of intra-operative frozen section
for NSCLC patients using the IdyllaTM EGFR Mutation Test.
. DNA quantity and quality is significantly better using
fresh frozen samples compared with paired FFPE samples as
reflected in the CQ value (p<0.0001).

. Fully automated, rapid PCR could be used to identify
appropriate patients for post-surgical, adjuvant Osimertinib
therapy in surgical pathology reporting.

. There are potential cost and time savings by choos-
ing this singe gene test rather than utilising NGS methods for
early-stage NSCLC patients.
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