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ABSTRACT

Objective: Diagnosing neoplasms of the salivary gland is challenging, as morphologic features of these tumors
are complex, and well-defined diagnostic categories have overlapping features. Many salivary gland neoplasms are
associated with recurrent genetic alterations. The utilization of RNA-based targeted next-generation sequencing
(NGS) panels for the detection of cancer-driving translocations and mutations is emerging in the clinical
laboratory. Our objective was to conduct a proof-of-concept study to show that in-house molecular testing of
salivary gland tumors can enhance patient care by supporting morphologic diagnoses, thereby improving
therapeutic strategies such as surgical options and targeted therapies.
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Pathology, Division of Material and Methods: Residual formalin-fixed paraffin-embedded salivary gland neoplasm specimens from a
Pathology and Laboratory cohort of 17 patients were analyzed with the Archer FusionPlex Pan Solid Tumor v2 panel by NGS on an Illumina
Medicine, The University of NextSeq550 platform.

Texas MD Anderson Cancer Results: We identified structural gene rearrangements and single nucleotide variants in our patient samples that

Center, Houston, Texas, USA. have both diagnostic and treatment-related significance. These alterations included PLAG1, MAML, and MYB
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Conclusion: Our RNA-based NGS assay successfully detected known gene translocations and mutations
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INTRODUCTION

Neoplasms of the salivary gland are rare, often occur in older adults, and approximately 75%
are benign. Fine-needle aspiration cytology (FNAC) is widely accepted as a primary diagnostic
test for salivary gland lesions, supported by the Milan System for Reporting Salivary Gland
Cytopathology, which provides a standard approach for reporting results and associated risk of
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malignancy.!! Guidelines for the interpretation of surgical
resection specimens, such as the World Health Organization
Classification of Head and Neck Tumors, recognize over 30
epithelial salivary gland tumors.”?! Despite these frameworks,
challenges persist in recognizing and grading salivary
gland neoplasms due to their complex morphology and to
low- and high-grade neoplasm features overlapping, which
complicates risk stratification and can lead to suboptimal
patient management.

Genetic alterations in salivary gland neoplasms, such as
MAML?2 fusions in mucoepidermoid carcinoma, MYB
fusions in adenoid cystic carcinoma, PRKDI alterations
in polymorphous adenocarcinoma, and ETV6 fusions in
secretory carcinoma, can assist in diagnosing challenging
cases and selecting targeted therapy. Emerging targetable
alterations  include ETV6:NTRK3, EML4:ALK, and
NCOA4:RET gene fusions, as well as mutations in PIK3CA,
NOTCHI1, and HRAS and amplifications in ERBB2.FY
Utilizing RNA-based, targeted next-generation sequencing
(NGS) panels for the detection of cancer-associated
translocations and mutations and for expression profiling is
increasingly common. Molecular testing of FNAC specimens,
small biopsies, and surgical resection samples can enhance
diagnosis, predict the risk of malignancy more accurately,
guide surgical treatment decisions (e.g., whether to perform
conservative surgery, a neck lymph node dissection, or facial
nerve sacrifice), and select for targeted therapy.

In this study, total nucleic acid was extracted from stored
formalin-fixed paraffin-embedded (FFPE) tissue blocks and
evaluated using the Archer FusionPlex Pan Solid Tumor v2
panel (Integrated DNA Technologies, Boulder, Colorado,
USA) by NGS on an [llumina NextSeq550 platform (Illumina,
San Diego, California, USA) in our molecular diagnostics
laboratory at Houston Methodist, Texas Medical Center,
Houston, Texas. This panel targets 137 genes associated with
translocations in solid organ tumors, including salivary gland
neoplasms. It detects structural gene rearrangement (without
prior knowledge of the breakpoint site or translocation
partner), deletions, insertions, single nucleotide variants,
and gene expression levels. This panel is an expanded version
of the current validated panel used for the detection of gene
rearrangements in lung, thyroid, and other solid organ
tumors in our laboratory, allowing for specimens from the
different assay types to be batched on the same run, offering a
cost-effective solution for rare specimens. The study aimed to
assess the feasibility of using a large RNA-based sequencing
panel in a clinical laboratory setting to potentially enable
in-house testing for salivary gland neoplasms and improve
turnaround time and access to personalized treatments. We
developed this proof of concept in hopes of implementing
molecular testing on FNAC specimens and small biopsies at
initial diagnosis.
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MATERIAL AND METHODS
Ethical approval and informed consent

Human subject research was involved in this study and was
carried out in compliance with the Helsinki Declaration with
review and oversight from the Institutional Review Board of
the Houston Methodist Research Institute.! The study was
approved for a waiver of informed consent in November 2022
by the Institutional Review Board at Houston Methodisdt
Research Institute (protocol 00035700).

Sample cohort

We selected 17 salivary gland neoplasm cases received by
the Department of Pathology and Genomic Medicine at
Houston Methodist for routine diagnostic evaluation that
had adequate remaining material for molecular testing. Cases
were identified using case-insensitive free-text keyword
searches of system-wide anatomic pathology interpretations
for phrases corresponding to known salivary gland
neoplasm (e.g., “acinic cell carcinoma,” “mucoepidermoid
carcinoma,” and “pleomorphic adenoma”) and manually
reviewed to remove cases that were negative for malignancy
(e.g., Warthin’s tumor and sialadenitis) as well as malignancies
of non-salivary gland origin (e.g., metastatic head-and-neck
squamous cell carcinoma). None of the specimens had
previously received molecular testing. The date range used
for the search spanned January 1, 2020, to December 31,
2022. The specimens, all from FFPE tissue blocks, ranged
from 1 to 3 years old at the time of nucleic acid extraction.

Total nucleic acid isolation

Residual FFPE tissue blocks were freshly cut as
10-micrometer-thick sections and mounted on uncharged
glass slides. A pathologist (GHS) marked hematoxylin and
eosin-stained slides for tumor location and estimated tumor-
to-normal ratios. Manual macro-dissection was performed to
ensure a tumor burden of at least 20%. Unstained slides were
scraped for total nucleic acid extraction using the Agencourt
FormaPure FFPE tissue kit (Beckman Coulter, Brea,
California, USA). Quantification and estimation of purity of
nucleic acids were performed using the Qubit fluorometric
assay (ThermoFisher Scientific, Waltham, Massachusetts,
USA).

Library preparation and NGS

Library preparation for the Archer FusionPlex Pan Solid
Tumor v2 was performed according to the manufacturer’s
protocol using 150 ng of input RNA. SeraCare Tumor Fusion
RNA RM v4 and SeraCare NTRK Tumor Fusion (LGC
Clinical Diagnostics, Milford, Massachusetts, USA) reference
materials containing known transcript levels of clinically
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relevant RNA fusions were used as positive controls in each
run. Molecular-grade water was used as a negative control.
If the controls were invalid, then the entire run would be
deemed invalid. Library quantification was performed using
the Kapa Biosystems quantitative polymerase chain reaction
(PCR) kit for Ilumina (Kapa Biosystems, Wilmington,
Massachusetts, USA).

Sequencing was performed on an Illumina NextSeq550
Sequencing System using a NextSeq Mid Output 300
v2.5 cycle cartridge (Illumina, San Diego, California, USA).
Libraries were sequenced in paired-end configuration
using a read length of 2 x 151 base pairs, resulting in up
to 260 million reads passing filter, with an output of 30-39
Gb per flow cell. The NextSeq550 System Mid-Output
Kit is estimated to allow for up to 96 amplicon panels, 12
enrichment panels, or 3 exomes. The expected sequencing
quality score for a read length of 2 x 150 base pairs was >75%
bases per run higher than Q30, correlating to a probability
of incorrect base calling at 1 in 1000 or an inferred base call
accuracy of 99.9%.

Target genes tested for fusion, splicing, exon-skipping,
and SNV/indel

YWHAE, YAPI, WWTRI, VGLL2, USP6, TMPRSS2,
THADA, TFE3, TFEB, TFG, TERT, TCF12, STAT6, SS18L1,
S818, RSPO3, RSPO2, ROS1, RET, RELA, RAD51B, PRKD3,
PRKD2, PRKDI, PRKCB, PRKCA, PRKACB, PRKACA,
PRDM10, PPARG, PLAGI, PKNI, PIK3CA, PHKB, PHFI,
PDGEFRB, PDGFRA, PDGFD, PDGFB, PAXS8, PAX3, NUMBL,
NUTM]1, NTRK3, NTRK2, NTRKI1, NRG1, NRAS, NR4A3,
NOTCH2, NOTCHI, NFIB, NFE2L2, NFATC2, NCOA3,
NCOA2, NCOAI, MYODI1, MYC, MYBL1, MYB, MUSK,
MSMB, MNI1, MKL2, MGEA5, MET, MEAF6, MDM?2,
MBTDI1, MAST2, MAST1, MAP2K1, MAML2, KRAS, JAZF1,
JAK3, JAK2, INSR, IGFIR, IDH2, IDHI1, HRAS, HMGA?2,
GRB7, GLI1, FUS, FOXR2, FOX0O4, FOXOl1, FOSB, FOS,
FGR, FGFR3, FGFR2, FGFR1, FGF1, EWSRI, ETV6, ETVS5,
ETV4, ETVI1, ESRRA, ESRI, ERG, ERBB4, ERBB2, EGFR,
EGF, EPCI, DNAJB1, CTNNBI, CSFIR, CSF1, CRTCI, CIC,
CD274, CCNDI, CCNB3, CAMTAI, BRD4, BRD3, BRAF,
BCOR, AXL, ARHGAP6, ARHGAP26, AR, ALK, AKT3,
AKT2, AKT1, ACVR2A, KIT.

Sequencing data analysis

The binary base call (BCL) sequencing output files were
processed using a customized bioinformatic pipeline
developed in-house, the Houston Methdodist Variant
Viewer, and analyzed by the proprietary Archer Analysis
software, version 6.2.7 (Integrated DNA Technologies,
Boulder, Colorado, USA).”! Components of our in-house
bioinformatic pipeline using the Agilent Genomics Toolkit

(AGeNT) were designed to generate deduplicated FASTQ
files compatible with Archer Analysis. Briefly, BCL Convert
v4.0.3 (Illumina, San Diego, California, USA) was used
for demultiplexing and generation of FASTQ format files
[Table 1]. Unique molecular identifier incorporation was
performed with default parameters (stringency criteria of
0.9). Adapter trimming (AdapterReadl and AdapterRead2)
was disabled. FASTQ files were exported to a uniquely
identifiable folder name with sample ID [Table 1].

The AGeNT consists of multiple modules: AGeNT Trimmer,
to trim remaining adapter sequences that were skipped
by BCL Convert, and AGeNT CReaK, to create consensus,
deduplicated read pairs from aligned reads. CreaK was
run using the parameters “consensus_mode="HYBRID”
and “remove-dup-mode” as recommended per Agilent
documentation [Table 1]. During assay design, Picard was
used with the “bait=target=covered” parameter to generate

Table 1: Relevant parameters for the bioinformatic pipeline used
for the analysis of the Archer FusionPlex Pan Solid Tumor v2
assay.

Module Parameters

BCL Convert | Specified in Cron Script (relevant parameters
include disabling AdapterReadl and
AdapterRead2 trimming)

Trimmer java-jar trimmer-3.0.5.jar \
- fql ${fastql}\
- fq2 ${fastq2} \
-v2)\

- out $/trimmed_fastq/${sample}_trimmed

BWA MEM | “/bwa mem \

- t ${mem_threads} \

-C\

${ref_genome} \

${fastql_trimmed} \

${fastq2_trimmed} \

- R"@RGMID:${sample}\tSM:${sample}\tPL:
ILLUMINA\tLB: XT"" | \
/storage/apps/opt/samtools_1_15/bin/
samtools view \

--threads ${view_threads} \
- bf ${view_flag} \
> $/bam/${sample}.bam”

CReAK java -Xmx40G -jar/storage/apps/opt/
AGeNT_3.0.6/agent/lib/creak-1.0.5.jar \

- b ${CGP_bed} \

- ¢ ${consensus_mode} \

- 0 ${bam_deduplicated} \

-f\

-F\

-1\

${bam}

BCL: Binary base call, BWA MEM: Burrows-Wheeler Aligner-maximum

exact matches, CReaK: Consensus Read Kit
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run-to-run quality control metrics, and alignment was
performed with BWA MEM v0.7.12 using GCRh38_no_alt
as the reference genome [Table 1].

Archer Analysis software was used to process the
deduplicated FASTQ files and generate the output list of
SNV/indels and fusions. “Illumina (paired)” was selected
as the platform. “RNA Fusion” and “RNA SNP/InDel” were
selected as analysis types, and “FusionPlex Pan Solid Tumor
v2 18091 v1.1” was used for the panel. All other proprietary
parameters were usedas default.

To pass the quality control statistics, the total number of
paired-end sequencing reads was required to be at least
1.5 million. The sequencing data for each fusion and variant
call were manually reviewed for accuracy. We reported only
“strong-evidence” fusion and variant calls. “Strong-evidence”
fusion calls, as defined by the Archer software, are as follows:
a minimum of 5 reads spanning the fusion breakpoint must
be present; the proportion of reads spanning the breakpoint
that supports the candidate fusion relative to the total number
of reads spanning the fusion region must be at least 10%; a
minimum of 3 unique primer start sites within the population
of reads spanning the breakpoint supporting the called fusion
must be present; and the candidate fusion must be present in
the database of previously reported fusions, namely the Quiver
Fusion Database (Integrated DNA Technologies, Boulder,
Colorado, USA) or meet all other “strong-evidence” criteria.
In addition, we excluded exon-intron fusions, paralogs
(per Ensemble database), mispriming, and low-confidence
alignments (per BLAST: Basic Local Alignment Search
Tool).[*”) Fusion calls that were detected but did not meet all
of the above criteria were considered “weak-evidence” fusions
and not reported. Mutation calls were considered reportable
when there was a minimum of 5 reads covering the mutant
allele, 10 unique start sites, and at least 10% mutant allele
frequency. Moreover, for a fusion or a variant to be considered
reportable in this study, the corresponding control samples
were required to pass equivalent quality control metrics.

RESULTS

Genetic alterations with diagnostic and therapeutic
implications, including strong-evidence translocations and
variants, were detected in 8 of the 17 specimens [Table 2].
The molecular testing results were concordant with the
patient’s clinical presentation and pathologic diagnosis.
These alterations included PLAGI, MAML, and MYB fusions
and BRAF, CTNNBI, NRAS, and PIK3CA mutations. In
addition, cases were batched and sequenced simultaneously
with samples prepared in our in-house validated FusionPlex
comprehensive thyroid and lung (CTL) assay kit, which
detects rearrangements in 13 genes including ALK, RET,
ROS1, BRAF, FGFR1/2/3, NTRK1/2/3, and MET, and passed
all QC metrics.
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Individual case review

Adenoid cystic carcinoma with high-grade transformation:
MYB::NFIB t(6;9) ¢ PIK3CA p.H1047R

This 2.5 cm tumor in the left submandibular gland of a
65-year-old man, identified as adenoid cystic carcinoma with
high-grade transformation and dedifferentiation, exhibited
cribriform and solid growth patterns [Figure la-c]. Histology
showed necrosis, apoptotic bodies, and atypical mitotic
figures with foci of high-grade transformation. The tumor
infiltrated surrounding adipose tissue and skeletal muscle,
with peri- and intraneural invasion but no lymphovascular
invasion. Extensive neck dissection revealed no lymph node
metastasis. Immunohistochemical stains were strongly
positive for vimentin, cytokeratin 7, cytokeratin 5/6, CD117,
and SOX10 while weakly positive for $100. Smooth muscle
actin was strongly expressed in a subset of tumor cells but was
negative in the areas of high-grade infiltrative carcinoma. The
high-grade component showed moderate p53 overexpression
and a Ki-67 index >50%. Molecular testing identified a
MYB:NFIB fusion and a PIK3CA p.H1047R mutation
[Figure 1d].

Adenoid cystic carcinoma is a biphasic neoplasm with
various growth patterns, including cribriform, tubular,
and solid types.'! MYB fusions, including MYB::NFIB, are
common, occurring in over 60% of cases.®! Although MYB
immunohistochemistry has low specificity and sensitivity,
it can assist in diagnosis when combined with molecular
testing. MYB and MYBLI gene alteration detection can aid in
the diagnosis of adenoid cystic carcinomas, especially when
poorly differentiated morphology can make it difficult to
diagnose based on morphology and immunohistochemistry
alone. PIK3CA alterations have prognostic and therapeutic
implications, with inhibitors currently under development.”!

Mpyoepithelial carcinoma ex pleomorphic adenoma:
LIFR::PLAGI1 t(5;8)

This 3.5 cm tumor of the left parotid in a 70-year-old
woman was initially diagnosed as a neoplasm of uncertain
malignant potential on FNAC. The final diagnosis,
after surgical resection, was myoepithelial carcinoma
ex pleomorphic adenoma [Figure 2a and b]. The tumor
displayed multinodular growth, marked cytologic atypia,
and an immunohistochemical profile positive for S100,
SOX10, vimentin, and p53 while negative for cytokeratin 7
and EMA. No lymphovascular invasion or metastatic disease
in lymph nodes was identified. Molecular testing revealed an
LIFR::PLAG] fusion [Figure 2c].

Myoepithelial carcinomas, the second most common type
of carcinoma arising within a pleomorphic adenoma, can
be clinically aggressive. PLAGI rearrangements, including
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Table 2: List of salivary gland tumor cases with corresponding RNA sequencing results.
Sample # | Histologic Diagnosis RNA Sequencing Results Tumor Location
1 Adenoid cystic carcinoma ex pleomorphic adenoma HRAS c. 181C >A; p.GIn61Lys Parotid gland
2 Acinic cell carcinoma No reportable alterations Parotid gland
3 Low-grade salivary gland-type adenocarcinoma of the lung No reportable alterations Lung
4 Mucoepidermoid carcinoma, low-to-intermediate grade No reportable alterations Tongue base
5 Adenoid cystic carcinoma No reportable alterations Parotid gland
6 Myoepithelial carcinoma ex pleomorphic adenoma LIFR::PLAGI Parotid gland
7 Salivary duct carcinoma No reportable alterations Parotid gland
8 Pleomorphic adenoma and carcinoma CTNNBI::PLAGI Parotid gland
9 Salivary duct carcinoma BRAF c. 1799T >A; p.Val600Glu Parotid gland
10 Pleomorphic adenoma No reportable alterations Parotid gland
11 Adenoid cystic carcinoma with high-grade transformation MYB:NFIB Submandibular gland
PIK3CA c. 3140A >G;
p.His1047Arg
12 Mucoepidermoid carcinoma, low grade No reportable alterations Buccal mucosa
13 Basal cell adenoma CTNNBI c. 104T >C; p.Ile35Thr Parotid gland
14 Mucoepidermoid carcinoma, low grade CRTCI:MAML2 Hard palate
15 Mucoepidermoid carcinoma, high grade No reportable alterations Parotid gland
16 Mucoepidermoid carcinoma, intermediate grade CRTCI::MAML2 Hard palate
17 Myoepithelial-rich/cellular pleomorphic adenoma No reportable alterations Parotid gland

exon:10

NFIB

Figure 1: Adenoid cystic carcinoma with high-grade transformation with a detected MYB::NFIB
fusion and PIK3CA p.HI1047R mutation. (a) Hematoxylin and eosin stain, 20x objective.
(b) Hematoxylin and eosin stain, 4x objective. (c) Hematoxylin and eosin stain demonstrating the
dedifferentiation component invading soft tissue, 10x objective. (d) Schematic view of the detected
MYB::NFIB fusion demonstrating anchored primer regions spanning exon 10 of NFIB and exon 14 of
MYB. The “+” denotes the gene-specific anchored primer (first strand) and (-) the universal primer
(second strand). The arrow represents the gene-specific primer.

CTNNBI, LIFR, and FGFRI fusion partners, can help
confirm the diagnosis of pleomorphic adenoma but cannot

distinguish additional carcinoma components. Studies have
shown that morphologic mimics of pleomorphic adenoma
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Figure 2: Myoepithelial carcinoma ex pleomorphic adenoma
with a detected LIFR:PLAGI fusion. (a) Hematoxylin and
eosin stain, x10 objective. (b) Hematoxylin and eosin stain, x20
objective. (c) Schematic view of the detected LIFR::PLAGI fusion
demonstrating anchored primer regions spanning exon 2 of PLAGI
and exon 1 of LIFR. The “+” denotes the gene-specific anchored
primer (first strand) and () the universal primer (second strand).
The arrow represents the gene-specific primer.

and de novo carcinomas are negative for the common fusions
PLAGI and HMGA2."

Mucoepidermoid carcinoma, well-differentiated, ex
pleomorphic adenoma: CTNNB1::PLAG]1 t(3;8)

In a 52-year-old man, a 4.8 cm tumor located in the left
parotid gland was initially diagnosed as a pleomorphic
adenoma on FNAC. Surgical resection revealed well-
differentiated mucoepidermoid carcinoma arising from a
pleomorphic adenoma [Figure 3a]. No lymphovascular or
perineural invasion or lymph node metastasis was identified.
Molecular testing revealed a CTNNBI::PLAGI rearrangement
[Figure 3b].

The CTNNBI::PLAGI fusion indicated origin from a
pleomorphic adenoma but did not aid in further classification.

Salivary duct carcinoma: BRAF p.V600E

A 3.0 cm tumor in the left superficial parotid gland
of a 73-year-old man was identified as a salivary duct
carcinoma after total parotidectomy [Figure 4a and b].
The tumor exhibited high-grade features, infiltrated
surrounding tissues, and showed extensive lymphovascular
and perineural invasion with metastasis in 3 of 11 lymph
nodes. Immunohistochemistry revealed strong positivity
for androgen receptor and GATA3 and negative human
epidermal growth factor receptor 2 amplification by
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Figure 3: Mucoepidermoid carcinoma, well-differentiated
ex-pleomorphic adenoma with a detected CTNNBI::PLAGI fusion.
(a) Hematoxylin and eosin stain, 20x objective. (b) Schematic view of
the CTNNBI::PLAG] fusion demonstrating anchored primer regions
spanning exon 3 of PLAGI and exon 1 of CTNNBI. The “+” denotes
the gene-specific anchored primer (first strand) and (-) the universal
primer (second strand). The arrow represents the gene-specific primer.

Figure 4: Salivary duct carcinoma with a detected BRAF p.V600E
mutation. (a) Hematoxylin and eosin stain, x10 objective.
(b) Hematoxylin and eosin stain, x40 objective.

fluorescent in situ hybridization (FISH). RNA sequencing
detected a BRAF p.V600E mutation.

Comprehensive molecular profiling of salivary duct
carcinomas has revealed BRAF p.V600E alterations in 3-13%
of these neoplasms.!""! Targeted BRAF therapy is currently
under investigation and has shown promising results in
salivary gland carcinoma patients, including initial response
to therapy and stable disease.!"”
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Mucoepidermoid carcinoma, low grade: CRTC1::MAML2
t(11;19)

A 1.6 cm left palatal mass in a 33-year-old man was initially
diagnosed as alow-grade cystic neoplasm on FNAC. Surgical
excision revealed a well-circumscribed mucoepidermoid
carcinoma with cystic areas [Figure 5a and b]. No anaplasia,
necrosis, or mitotic activity was seen. Molecular testing
detected a CRTC1::MAML2 fusion [Figure 5c].

The CRTCI::MAML2 fusion is the most frequent genetic
aberration in mucoepidermoid carcinoma, particularly of
low-to-intermediate grade and can aid in distinguishing
these tumors from well-differentiated tumors from benign
salivary gland cysts. MAML2 fusions are more often detected
in low-to-intermediate grade neoplasms.[*!

Mucoepidermoid carcinoma, intermediate grade:
CRTCI1:MAML2 t(11;19) fusion

A 3.5 cm left palatal lesion in a 39-year-old man, present
for approximately 5 years, was diagnosed with a squamous
papilloma on initial core biopsy. Excision revealed an
intermediate-grade mucoepidermoid carcinoma with cystic
spaces and mixed cell types [Figure 6a]. No lymphovascular
or perineural invasion was found. RNA sequencing revealed
a CRTCI1::MAML2 fusion [Figure 6b].

The detection of MAML fusions can help diagnose cases

ki exon:1

- CRTCI

C MAML2

Figure 5: Low-grade mucoepidermoid carcinoma with a detected
CRTCI:MAML2 fusion. (a) Hematoxylin and eosin stain,
x4 objective. (b) Hematoxylin and eosin stain, x10 objective.
(c) Schematic view of the detected CRTCI:MAML2 fusion
demonstrating anchored primer regions spanning exon 1 of CRTCI
and exon 2 of MAMLI. The “+” denotes the gene-specific anchored
primer (first strand) and (-) the universal primer (second strand).
The arrows represent the gene-specific primer.

that are morphologically challenging, such as in this case
where the initial biopsies were predominantly squamous in
appearance. Though promising, no targeted treatments for
MAML2-altered neoplasms are currently available.[>1*]

Adenoid cystic carcinoma ex pleomorphic adenoma: HRAS

p-Q6IL

A 2.7 cm cystic mass in the right parotid gland of a
70-year-old initially showed only cyst contents on FNAC.
After parotidectomy, the diagnosis was adenoid cystic
carcinoma ex pleomorphic adenoma, with the carcinoma
component measuring 1.9 cm [Figure 7a and b]. The tumor
showed tubular patterns and was positive for CD117 and p63,
with no extra parotid extension or lymph node metastasis.
Molecular testing detected an HRAS p.Q61L mutation.

HRAS mutations have potential as a predictive biomarker for
immunotherapy, though no approved therapies for salivary
gland neoplasms exist to date. Ongoing studies including
farnesyl transferase inhibitors (e.g., tipifarnib) have shown
some promise; for example, one phase IT study demonstrated
disease stabilization in half of patients with recurrent or
metastatic HRAS-mutated salivary gland carcinomas.!*¢!

b MAML?2

Figure 6: Intermediate-grade mucoepidermoid carcinoma with a
detected CRTCI1::MAML?2 fusion. (a) Hematoxylin and eosin stain,
%20 objective. (b) Schematic view of the detected CRTCI1::MAML2
fusion demonstrating anchored primer regions spanning exon 1 of
CRTCI and exon 2 of MAML2. The “+” denotes the gene-specific
anchored primer (first strand) and (-) the universal primer (second
strand). The arrows represent the gene-specific primer.

CytoJournal « 2024 « 21(48) | 7



Sura, et al.: Implementing next-generation sequencing for salivary gland neoplasms

Basal cell adenoma: CTNNBI p.135T

A 1 cm right parotid tumor in a 67-year-old woman was
initially diagnosed as a salivary gland neoplasm of uncertain
malignant potential, favoring an adenoid cystic carcinoma.
Subsequent parotidectomy identified an encapsulated basal
cell adenoma [Figure 8]. The tumor exhibited monomorphic
basaloid cells with ductal differentiation and a strong
membranous beta-catenin expression pattern. Molecular
testing revealed a CTNNBI p.I35T mutation. Ancillary
molecular testing may have been useful in determining a
more accurate risk of malignancy to guide patient surgical
management.

Beta-catenin expression and mutations in CTNNBI, its

_

Figure 7: Adenoid cystic carcinoma ex pleomorphic adenoma
with a detected HRAS p.Q61L mutation. (a) Focus of the adenoma
component juxtaposed with benign salivary gland, hematoxylin and
eosin stain, x20 objective. (b) Focus of the adenoid cystic carcinoma
component, hematoxylin and eosin stain, x10 objective.

Figure 8: Basal cell adenoma with a detected
CTNNBI p.35T mutation, hematoxylin and
eosin stain, X10 objective.
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encoding gene, are specific for basal cell adenoma (present in
up to 80%) and have been reported to occur more frequently
in adenomas than in basal cell carcinomas.'”! Basal cell
carcinomas tend to have more complex molecular profiles,
including the accumulation of alterations in PIK3CA,
NFKBIA, and CYLD. Therefore, mutations in CTNNBI may
help differentiate basal cell adenoma from high-grade lesions
such as adenoid cystic carcinoma.l*!”)

DISCUSSION

We conducted a feasibility study on a cohort of patients
with salivary gland neoplasms to investigate the presence
of known cancer-associated gene translocations, deletions,
insertions, single nucleotide variants, and copy number
changes and to assess the utility of RNA sequencing results
to guide management and targeted therapy. The molecular
alterations identified in these cases had the potential to
have significantly influenced patient management.!'s2"l
Implementing a comprehensive RNA-based sequencing
panel in-house, alongside existing clinical assays, proved
feasible. In the era of precision medicine, selecting patients
based on molecular profiling enhances the risk of malignancy
stratification and supports novel therapeutic strategies.!'s2"!
Although we used residual resection specimens, we advocate
for such testing in FNAC and small biopsies, where accurate
initial diagnoses are crucial for guiding patient follow-up,
surgical management, and emerging targeted therapies.

RNA-based NGS is a robust technique for analyzing
structural gene rearrangements, mutations, and gene copy
number changes.”!! It offers significant advantages over
single-gene testing methods such as immunohistochemistry,
FISH, or real-time PCR, particularly when working with
limited material from FNAC and small biopsies. Large RNA-
based panels can provide a comprehensive evaluation of
the transcriptome, enabling simultaneous examination of
multiple genes."! This high-throughput approach not only
maximizes the utility of limited tissue samples by reducing
the need for multiple individual tests but also lowers the
overall cost of comprehensive genetic testing for patients.?2%

Archer FusionPlex assays employ anchored multiplex PCR
technology to enrich specific genomic regions using gene
region-specific primers designed to bind known 3’ and 5’
sites.? This targeted enrichment enhances the sensitivity of
downstream analyses, even when starting with small quantities
of material, such as from FNAC small biopsies and fragmented
nucleic acids preserved in FFPE samples. By utilizing a diverse
array of primers with anchored sequences, the assays can cover
a wide range of potential fusion partners.?" This approach
enables the detection of both known and novel structural gene
rearrangements, even without prior knowledge of the fusion
partners. This provides a distinct advantage over techniques
that depend on known breakpoints.??*
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The main limitation to the Archer FusionPlex Pan Solid
Tumor v2 panel is that it does not detect gene fusions located
outside of the targeted gene regions. In addition, when the
positive selection criteria defined for a “strong-evidence
fusion” is not met, but qualifiable data for a “weak-evidence
fusion” are found, it can be difficult to determine whether the
findings are reportable without repeat testing or confirmation
by an orthogonal method.!

Implementing molecular assays for rare neoplasms is
challenging due to their low case volumes. In our multi-
hospital system, the extensive caseload across our pathology
departments makes assay validation feasible, but integrating
these assays into routine workflows is not cost-effective and
poses compliance challenges without batching samples. Our
study demonstrates that batch processing with assays using
the same proprietary chemistry, such as the Archer FusionPlex
Pan Solid Tumor v2 panel RNA-based sequencing, can be
effective. This panel aligns with our current Archer FusionPlex
CTL kit, simplifying future integration and staff training. As a
proof of concept, we tested lung adenocarcinoma cases with
known MET exon 14 mutations alongside salivary gland
specimens using molecular barcodes. This approach enables
us to batch rare salivary gland cases with weekly or biweekly
runs of lung and thyroid cancer specimens, optimizing time
and resources. With this batched testing model, we expect a
turnaround time of 10 working days or less, showcasing the
efficiency of an in-house panel compared to external services.
This method offers better control over pre-analytic variables,
ensures proper tissue stewardship, and reduces transportation
costs and delays, while the RNA-based NGS assay covers
relevant gene targets across various cancer types, facilitating a
unified workflow for fusion detection.

Our study focused on FFPE surgical specimens primarily
due to their widespread availability. According to the
manufacturer, Archer FusionPlex assays can be applied to a
range of sample types, including cell cultures, fresh tissues,
frozen tissues, and isolated RNA samples. However, it is
important to highlight the potential benefits of using an
RNA-based molecular sequencing panel for other specimen
types commonly encountered in diagnostic laboratories,
such as FNAC and small biopsy specimens. These specimens
can be submitted in various forms, including aspirate-
smeared slides, cytospin slides, or residual samples in
CytoLyt solution. Recent research has demonstrated that
RNA extraction and sequencing from different cytology
preparations can be highly effective.?*?*! Furthermore,
although other sample preparation types such as fresh and
snap-frozen biopsy samples may present logistical challenges,
incorporating these into testing protocols could also enhance
the ability to sequence high-quality nucleic acids.””!

At our institution, we propose using the RNA-based NGS panel
for FNAC and small biopsy samples in 2 key scenarios. The first

scenario targets cases classified as indeterminate or “salivary
gland neoplasms of uncertain malignant potential” under the
Milan System for Reporting Salivary Gland Cytopathology,
where identifying specific molecular markers could aid in
diagnosing and classifying the neoplasm. The second scenario
involves known malignant samples, where molecular testing
could offer crucial prognostic and predictive biomarker
information to enhance patient management."®*! Conducting
molecular testing on the initial diagnostic sample can provide
crucial information for guiding neoadjuvant therapy options,
informing surgical decision-making, and offering targeted
treatment strategies for tumors that are not resectable.!'*>

Our study was constrained by a relatively small cohort size
(n=17) due to the limited availability of residual material
from salivary gland cases for testing. While this small sample
size provides preliminary insights, it also presents several
limitations. The findings may not be broadly generalizable to
the wider population of salivary gland neoplasms and may
not capture rare variants effectively. For robust validation and
to ensure that our results are applicable to a broader range
of salivary gland tumors, further experiments will need to
include a larger sample size.

Future studies will aim to include a broader range of tumor
types for fusion testing. To strengthen validation efforts, we
plan to correlate RNA-based NGS results with other testing
methods such as FISH, PCR, and immunohistochemistry
(e.g., PLAG1 and MYB). Expanding our validation to different
sample preparations, including cytology aspirate smears and
liquid preparations, could enhance the clinical applicability of
our findings. In addition, with the growing interest in liquid
biopsies, it would be valuable to investigate peripheral blood
for circulating tumor DNA (ctDNA) and RNA (ctRNA) in
our patient cohort.* Advances in NGS technology now
enable the detection of very low levels of ctDNA and ctRNA
from peripheral blood samples, which can aid in monitoring
treatment response, detecting minimal residual disease and
early recurrence, and providing prognostic information.®!

SUMMARY

In this proof-of-concept study, a large RNA-based NGS cancer
panel effectively detected diagnostic and actionable gene
translocations and mutations in salivary gland neoplasms
using stored FFPE tissue. About half of the successfully
sequenced cases from our cohort showed cancer-associated
gene alterations with diagnostic, prognostic, or therapeutic
potential. We propose that ancillary molecular testing can
enhance the accuracy of salivary gland FNAC and small
biopsies, leading to better-informed patient management
and personalized care. This study also demonstrated the
feasibility of integrating targeted RNA sequencing for fusion
testing into routine clinical laboratory workflows.
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