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2Biofidelity Inc, Morrisville, North Background: Testing patients with non-small cell lung cancer for actionable vari-
Carolina, USA

ants is essential for guiding treatment decisions in accordance with established
“Biofidelity Ltd, Cambridge, UK cancer care guidelines, though limited quantity and quality of tumor tissue often
Correspondence leaves insufficient material for comprehensive testing. Cytopathology specimens
E:;ib;;’;’Ii:ifir:t:g';‘:;:;tg}tyﬁom obtained through minimally invasive techniques are a potential source of diagnostic
material for genomic profiling, though typically challenging to analyze.

Funding information Methods: A total of 85 DNA or total nucleic acid non-small cell lung cancer samples
Biofidelity Ltd derived from 45 fine-needle aspirate rinse or pleural fluid samples from the Hospital
of the University of Pennsylvania archive were tested using the Aspyre Clinical Test
for Lung (Tissue) in Biofidelity’'s CAP/CLIA laboratory. All samples were previously
characterized by the Oncomine Precision Assay Genexus assay (the orthogonal
reference method).

Results: Eighty-four of 85 passed Aspyre Lung quality control, one failed. Twenty-
six samples were positive for variants in the Aspyre Lung panel: 17 for single
nucleotide variants (KRAS, EGFR), three for EGFR insertions/deletions, two for MET
exon 14 skipping, and five for gene fusions. Eighty-two of 85 samples were run at
standard input levels; three of 85 were run at low input but passed Aspyre Lung
controls and include one EGFR exon 20 insertion variant-positive. All results were
concordant between methods. Positive Percent Agreement and Negative Percent
Agreement were 100%.

Conclusions: Aspyre Clinical Test for Lung performs effectively on samples derived

from fine needle aspirate rinses and pleural fluid. Using these cytology-based
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20f7 ASPYRE CLINICAL TEST FOR LUNG (TISSUE)
specimens for biomarker testing enables pathologists to perform simplified genomic
profiling while preserving valuable tissue specimens, potentially reducing the need
for additional invasive procedures.
KEYWORDS
cytology, diagnostic accuracy, FNA rinse, molecular profiling, NSCLC, somatic variants
Introduction derived from 43 FNA rinse specimens, and four were derived from

Patients diagnosed with non-small cell lung cancer (NSCLC) now
have access to a range of targeted therapeutics that are highly
effective with minimal side effects; however, timely molecular
profiling is essential. Rapid testing is needed to guide patients into
appropriate treatment pathways because initiating chemotherapy
before targeted therapy can compromise outcomes even if targeted
therapy is introduced later.? Simplified Genomic Profiling provides
targeted multigene biomarker characterization beyond the capabil-
ities of single-gene testing but without the complexity and high
sample quality requirements of comprehensive genomic profiling.

In a study tracking the care pathways of more than 38,000 pa-
tients with actively managed NSCLC, 84.6% of patients received a
tissue biopsy of some kind, with nearly 80% fine-needle aspirates
(FNA), and approximately 10% core needle biopsies.* After most of
the diagnostic tissue is collected from the FNA and core needle bi-
opsy samples, needle rinses offer a valuable source of additional
material for biomarker analysis.>~” FNA rinse samples, obtained by
washing residual material from the needle after primary biopsy
preparation, have gained traction as a way to recover additional cells
for ancillary testing. Material thus obtained can be used in a variety
of assays, including testing for molecular, cellular and immunological
biomarkers.?”~? Material may be used fresh or processed into a cell
block; fresh samples have the advantage of a more rapid turnaround
time.2°

Aspyre Clinical Test for Lung (hereafter Aspyre Lung) has pre-
viously been validated for formalin-fixed, paraffin-embedded (FFPE)
tissue! and initial testing of 16 cytology specimens provided early
evidence that these specimens may also be compatible with the
assay.'? Following initial assay validation, additional studies demon-
strated equivalent sensitivity and specificity at inputs as low as 5 ng
DNA and 1.5 ng RNA.*® These findings support the feasibility of using
Aspyre Lung with low input or nontraditional samples, potentially
expanding access for patients who cannot undergo resection or more
invasive biopsy procedures.”

Cytology samples at the Hospital of the University of Pennsyl-
vania comprise approximately half of the samples received and are
routinely analyzed using next-generation sequencing (NGS)-based
methods.>1° A collaboration enabled us to test residual samples that
already had biomarker profiles. Archived samples were selected
based on the availability of orthogonal test results from the Onco-
mine Precision Assay Genexus kit (hereafter Oncomine Precision)
and sufficient DNA and/or total nucleic acid (TNA) to run on Aspyre
Lung. A total of 85 samples from 45 patients were selected: 81 were

two pleural fluid specimens (Figure 1), yielding 44 DNA and 41 TNA
samples in total.

In this study, we aimed to assess the diagnostic accuracy of the
Aspyre Lung on FNA rinse samples by comparing results to NGS-
based molecular profiling. Aspyre Lung had previously been vali-
dated on FFPE lung tissue; these samples were extracted from fresh
material that had not been fixed or embedded, and thus represent an

opportunity to assess assay performance.

MATERIALS AND METHODS
Ethical approval

For samples retrospectively identified for this study, the study was
approved by the Institutional Review Board of the University of
Pennsylvania Institutional Review Board #2 Protocol 854192 and

individual consent for this retrospective analysis was waived.

Clinical samples

FNA samples were collected into CytolLyt or saline using standard
procedures. Needles were then rinsed with the corresponding
collection media to collect residual material, which was transferred to
PreservCyt media (Hologic) for storage.

Nucleic acid extraction

Vials with FNA rinse specimens in PreservCyt media were spun down
and the cell pellet was processed for nucleic acid extraction. DNA and
TNA were extracted from samples in parallel using the Agencourt
FormaPure kit (Beckman, Brea, CA, USA) without the deparaffiniza-

tion and decrosslinking steps.

Next-generation sequencing

Nucleic acid sequencing was performed using the Genexus Platform
with the NGS-based Oncomine Precision Assay Genexus kit (Thermo
Fisher). Inputs used for sequencing were 13.4 ng of DNA and 13.4 ng
of TNA. These Oncomine Precision results were used as the refer-

ence dataset for comparison with Aspyre Lung.
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FIGURE 1 Samples analyzed in this study by sampling type and nucleic acid. A breakdown of sample type and the orthogonal test result is

in Supplementary Table 1. FNA indicates fine needle aspirate; TNA, total nucleic acid.

Aspyre Clinical Test for Lung (Tissue) runs and
analysis

After assessment of the concentration of each sample at Biofidelity
Inc Laboratory (Morrisville, NC, USA) using the Qubit 1X dsDNA HS
kit or Qubit 1x RNA HS kit, no further controls were applied. Aspyre
Lung runs were performed as previously described!? except for two
TNA samples with RNA concentrations below the quantification limit
(<4 ng/uL), which were processed using the maximum possible input

volume.

Data analysis

The raw file generated by the Design and Analysis 2 software (v2.7,
Thermo Scientific, Waltham, MA, USA) was run through AspyrelLab
software v1.3.1. This software analyzes the raw fluorescent output
curves, applying quality checks, corrections, and normalizations to

»u

generate variant calls of “detected,” “not detected,” or “undetermined”

1.1* A sample was considered concordant if

for each variant in the pane
both assays produced the same qualitative result for all shared tar-
gets. All analysis of Aspyre Lung runs and variant calling was per-

formed blinded to orthogonal test results and clinical information.

Statistical analysis

Descriptive statistics were used; positive percent agreement and

negative percent agreement were calculated using 2x2 tables.

RESULTS

There are currently no Food and Drug Administration-approved tests
for NSCLC cytology specimens; however, local validated tests for
liquid or tissue specimens may be used. A pilot study using three FNA

rinse samples (among other cytological preparations) provided

preliminary evidence that Aspyre Lung could generate biomarker data
using this material.}? To consolidate this finding and assess the per-
formance of Aspyre Lung on a larger number of cytology samples
spanning a broader range of variants, 85 previously characterized
DNA or TNA samples derived from FNA rinses or pleural fluid from the
Hospital of the University of Pennsylvania were sent to the Biofidelity
Clinical Laboratory for analysis using Aspyre Lung. These samples had
already been extracted and stored at -20°C for up to 14 months, but
otherwise samples were run according to standard protocols.

The provenance and characterization of these samples, including
whether samples were matched DNA and TNA, or unmatched is
shown in Figure 1. The results from Oncomine Precision runs and the
corresponding results from Aspyre Lung are shown in Figure 2,
grouped according to nucleic acid and the original sample type.

DNA samples

There were 44 DNA samples analyzed in this study, of which 42 were
derived from FNA rinse samples and two from pleural fluid. One
FNA-rinse DNA sample failed Aspyre Lung quality control (QC) and
was excluded from concordance analysis. Among the remaining 43
evaluable DNA samples, concordance with Oncomine Precision was
100% (43/43). The positive concordant calls included 15 samples
with a single nucleotide variant in the KRAS proto-oncogene, GTPase
(KRAS) gene, two samples with a single nucleotide variant in the
epidermal growth factor receptor (EGFR) gene, and three samples
with deletions or insertions in EGFR. There were 23 DNA samples
negative for all DNA targets in the Aspyre Lung panel. Two of these
had MET proto-oncogene, receptor tyrosine kinase (MET) exon 14
skipping reported by Oncomine from DNA; because Aspyre Lung
evaluates MET exon 14 skipping via RNA, these calls were assessed in
the TNA/RNA analysis (see the next section). Six samples were
positive by Oncomine for genomic alterations not covered by Aspyre
Lung; one EGFR exon 19 deletion, one EGFR exon 19 insertion, and
four EGFR exon 20 insertions (Supplementary Table 2). Of these, two
of the six had been previously profiled by COSMIC,* and three of
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DNA samples
(n=44)
FNATrinse Pleural fluid
(n=42) (n=2)
Concordant (n=41) QC fail (n=1) Concordant (n=2)
Oncomine Aspyre n Oncomine Aspyre n Oncomine Aspyre n
Negative Negative 16* KRAS p.G12D No results (QC fail) 1 Negative Negative 1
Negative** Negative 6 Total 1 KRAS p.G12V KRAS p.G12V 1
EGFR p.E746_A750del | EGFR p.E746_A750del 1 Total 2
EGFR p.S768_D770dup | EGFR p.S768_D770dup 2
EGFR p.L858R EGFR p.L858R 1
EGFR p.L861Q EGFR p.L861Q 1
KRAS p.G12A KRAS p.G12A 1
KRAS p.G12C KRAS p.G12C 4
KRAS p.G12R KRAS p.G12R 1
KRAS p.G12S KRAS p.G12S 2
KRAS p.G12V KRAS p.G12V 3
KRAS p.G13C KRAS p.G13C 1
KRAS p.G13D KRAS p.G13D 1
KRAS p.Q61H KRAS p.Q61H 1
Total 41
RNA samples
(n=41)
FNArinse Pleural fluid
(n=39) (n=2)
Concordant (n=38) QC fail (n=1) All Results (n=2)
Oncomine Aspyre n Oncomine Aspyre n Oncomine Aspyre n
Negative Negative 31 No results (inconclusive) Negative 1 Negative Negative 1
Negative** Negative 1 Total 1 No results (inconclusive) Negative 1
ROS1 fusion ROS1 fusion 1 Total 2
ALK fusion ALK fusion 3
MET exon 14 MET exon 14 2
skipping skipping
Total 38
. . .. . . *
FIGURE 2 Variant calls from Oncomine Precision and Aspyre Lung, grouped by nucleic acid and sample type. *Includes two samples

positive for MET exon 14 skipping, which is detected by Aspyre Lung through RNA. No further variants were detected from DNA for these
samples. **Includes calls made by Oncomine Precision that are not in the Aspyre Lung panel (Supplementary Table 2).

four variants with unique protein changes were not found in cohorts

included in cBioPortal.''” These six variants were outside the

Aspyre Lung panel and therefore excluded from concordance

calculations.

RNA

There were 41 TNA samples analyzed in this study, of which two

were derived from pleural fluid, and the remaining 39 from FNA rinse

samples. Two samples, one derived from each sample type, failed

internal RNA expression controls for Oncomine Precision and yielded

inconclusive results. 39 variant calls were concordant; of these, 33

samples were negative for all biomarkers on the Aspyre Lung panel.
Six samples were positive by both assays for variant calls: one ROS
proto-oncogene 1, receptor tyrosine kinase (ROS1) fusion, three ALK
receptor tyrosine kinase (ALK) gene fusions, and two with MET exon
14 skipping events. One sample was positive for a rare HIP1-ALK
gene fusion, which is not covered by the Aspyre Lung panel (Sup-

plementary Table 2).

Overall

Overall concordance between Aspyre Lung and Oncomine Precision
across all evaluable DNA and TNA samples was 100% (nh = 82,
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TABLE 1 Summary of concordance for samples tested on both
the Oncomine Precision and Aspyre Lung.

Aspyre + Aspyre -
Oncomine + 26 0
Oncomine - 0 56

PPA - 100%; NPA - 100%

Note: Eighty-five DNA or TNA samples were tested; three that failed
quality control of either test were excluded. Each DNA or TNA sample is
considered independently, regardless of whether they are from matched
or unmatched samples.

Abbreviations: NPA, negative percent agreement; PPA, positive percent
agreement.

positive percent agreement [PPA] = 100%, negative percent agree-
ment [NPA] = 100%,; Table 1). When results are considered on a per-
patient basis, 45 patients have evaluable results as QC failures
occurred solely in DNA or TNA samples from matched pairs, and PPA
and NPA remain 100% (Supplementary Table 3).

DISCUSSION

As the number of approved targeted therapies increases, so too does
the number of patients who could potentially benefit from these
drugs, but only if they receive timely and appropriate biomarker
testing. Despite the availability of established assays, clinical practice
gaps have remained in ensuring NSCLC testing is performed early
and fast enough to inform treatment decisions. Aspyre Lung was
developed to close these gaps, offering a rapid 2-day turnaround
time and full coverage of National Comprehensive Cancer Network-
recommended first-line genes (v3.2025). The assay has now been
validated for use in blood samples (at 20/5 ng cell-free DNA and
42/6 ng cell-free RNA for standard-/low-input levels*®), and in tissue
samples down to 5 ng DNA and 1.5 ng RNA input, with no loss of
sensitivity or specificity.?® In this study, we sought to expand a
preliminary sample set of cytological specimens!? to assess the
feasibility of using nucleic acid derived from FNA rinse samples
(which are not always routinely processed) for molecular testing
along with other available nucleic acid derived from pleural fluid.
Making the most of samples that are currently underused would
enhance testing options for patients.”

In this study, we conducted concordance testing on 85 DNA or
TNA samples from 45 patients, all of which had orthogonal testing
results from the Oncomine Precision. There were 21 samples with
DNA-detectable variants and six samples with RNA-detectable var-
iants. Three samples failed QC; two from the Oncomine Precision and
one from Aspyre Lung. The latter was a run-level failure as the in-
ternal positive control failed checks, rendering the results from DNA
invalid (but not TNA). Concordant variant calls were obtained from
20/20 evaluable DNA samples with positive variant calls (the
remaining 21st DNA variant-positive sample was the QC failure) and
from all evaluable TNA samples, resulting in a PPA and NPA of 100%

for this sample set.

One TNA sample yielded a concordant negative result for both
assays, but was subjected to further investigations due to a known
history of a gene fusion in ALK for the patient. Manual review of the
Oncomine Precision result identified 17 sequencing reads consistent
with an EML4-ALK gene fusion (E6ins33:A20, COSF474). No other
ALK fusion variants were found, and the call from the Oncomine
Precision was negative. The low read count in Oncomine Precision
may have fallen below the calling threshold. Given that this fusion is
included in the Aspyre Lung panel,’” we reexamined the results from
Aspyre Lung. Although the assay does not generate quantitative
fluorescent data with cycle threshold values, visual inspection of the
output curves showed this sample lying between known ALK positive
and ALK-negative controls (intermediate space), suggesting a
borderline signal. An ALK fusion-positive clinical sample from a
previous study, also COSF474 and called positive by Aspyre Lung
served as a reference.® There was an additional eight months of
storage, and the sample underwent at least two freeze-thaw cycles
between the two tests; a 19% drop in measurable nucleic acid was
noted before the Aspyre Lung run, which could have degraded RNA
and copy numbers such that the resulting signal fell below the
detection threshold.

The cellular material found in fixed pleural fluid and FNA rinse
samples will differ from material that has been formalin treated, as
fixation engenders fragmentation and cross-linking; the latter
generally being reversed during nucleic acid extraction. This reversal
often involves a high heat step (in excess of 90°C), which can damage
nucleic acid. By contrast, untreated cellular material is more likely to
remain intact and is suitable as a source material for molecular di-
agnostics, as long as sufficient material is available and the specificity
of the test is unaffected. Aspyre Lung has been validated for use on
FFPE tissue (which may include treated cytology samples) and blood
plasma samples, which are highly fragmented.?® Although a full
validation on nonfragmented samples such as fresh cytology speci-
mens has not yet been completed, in-house testing has long used
high-quality genomic DNA during assay development without any
observed increase in false positives (equivalent studies for RNA have
not been performed).

All samples in this study were taken from an archive and
preselected based on sufficiency of material (both total quantity
and concentration, as well as quality to yield results for DNA or
TNA), and prior results available from an NGS-based assay. It is
therefore not possible to conclude how successful Aspyre Lung
might be on an unselected sample set. Cytology samples received at
the Hospital of the University of Pennsylvania are normally pro-
cessed for nucleic acid extraction and testing on receipt, with
surplus nucleic acid frozen at -20°C (DNA) or -80°C (TNA). All
samples were less than 15 months old between receipt at the
Hospital of the University of Pennsylvania and the Aspyre Lung
runs; however, samples had undergone at least two freeze-thaws
before the Aspyre Lung run. It is not known what effect these
freeze-thaw cycles may have had on the nucleic acid. Finally, at the
time of this study, Aspyre Lung was validated for use with RNA, not
TNA. TNA is a more complex sample type than pure DNA or
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mRNA, being composed of both DNA and highly heterogeneous
RNA comprising the targeted mRNA but also tRNA, rRNA, and
many smaller species.?’ TNA is commonly extracted by clinical
laboratories due to workflow efficiency, and so is an attractive
analyte in real-world practice. Since this study, use of TNA for both
the DNA and RNA parts of the Aspyre Lung assay has been vali-
dated, thus enabling simplified workflows. While we sought to
compose a test set that contained both samples negative for all
markers in the panel and a spread of different variant-positive
samples, a key determinant of inclusion was sample sufficiency
which limited the available pool and the resulting diversity, thus
this cannot be considered a formal assay validation.

Because Aspyre Lung is a targeted panel assay, focused on
actionable or prognostic variants in guideline-recommended genes, it
has the limitation that it does not detect some low prevalence vari-
ants, for example uncommon EGFR exon 20 insertions, and rare gene
fusions. Additionally, genes that currently fall outside of recommen-
dations could determine eligibility for clinical trials. Patient de-
mographics at clinical care centers differ such that there is no single
diagnostic assay that is appropriate for every setting. The assay has a
low failure rate and a rapid turnaround time,® which make it suitable
as a first-line test, with the option for reflex to more comprehensive
genomic profiling in the case of a negative result. Rather than a single
diagnostic assay being appropriate for all patients, targeted and
comprehensive assays can serve complementary roles within a tiered
testing strategy.

Laboratories have an obligation to conserve tissue which may be
needed for multiple different preparations and a variety of tests.
Using portions of sample preparations that would otherwise be dis-
carded increases the number of tests that can be performed and
enhances the information available to guide clinical care. Nonethe-
less, these findings are encouraging for laboratories aiming to maxi-
mize the utility of cytology samples.
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