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Abstract

:

Sclerosing polycystic adenoma (SPA) is a rare neoplasm occurring in the salivary glands, mainly the parotid gland. Although it was originally thought to represent a non-neoplastic process, recent genetic data have proven its monoclonality, supporting its neoplastic origin. We report a case of a 73-year-old woman who presented with left neck swelling and pain. A 3 cm hypoechoic, heterogeneous, solid mass was identified on neck ultrasonography within the left parotid gland. Fine needle aspiration revealed benign acinar cells and lymphocytes. Left partial superficial parotidectomy was performed and a diagnosis of SPA was made. Targeted next-generation sequencing (NGS) revealed three clinically significant alterations in the PIK3R1, HRAS, and AR genes. Alterations in the PIK3R1 gene have been previously reported in cases of SPA; however, this study is the first to report two novel clinically significant genomic alterations in the HRAS and AR genes. AR protein expression by immunohistochemistry was strongly and diffusely positive in the neoplastic epithelial cells compared to the adjacent normal salivary gland tissue, which was dead negative for AR. This molecular profile will enhance our understanding of the molecular pathways underlying the development of this tumor. Although this entity was initially thought to be a reactive process, evidence from our case and similar cases strongly support the notion that it is neoplastic due to the presence of specific genetic alterations linked to it.
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1. Introduction


Sclerosing polycystic adenoma (SPA) is an uncommon entity occurring in the salivary glands, with the majority of cases (70%) reported in the parotid gland and around 60 cases reported worldwide [1]. SPA was first described in 1996 by Smith et al. in a case series of nine patients aged from 12 to 63 years [2]. The age range for SPA is wide (7 to 84 years) with women being affected more than men and a mean presentation during the fifth decade [1,2,3,4,5,6,7,8,9]. The histologic features resemble fibrocystic disease of the breast [10]. In addition, SPA may show foci of apocrine, intraductal proliferation resembling ductal neoplasia of the breast [10]. The exact nature of the disease is still unknown; however, recent evidence strongly suggests it is neoplastic [11].



The gross appearance consists of one or more well-delineated, pale, firm, rubbery nodules embedded within a normal salivary gland. Microscopically, the nodules consist of irregularly distributed, bilayered ducts and acini within a sclerotic stroma. Ductal cells may have vacuolated, foamy, apocrine, and mucous appearances. Acini contain numerous, coarse eosinophilic, periodic acid Schiff (PAS)-positive, intracytoplasmic granules. Genetic studies on SPA have reported X-chromosome inactivation, PTEN loss, and PIK3CA and PIK3R1 mutations [3]. Management consists of surgical excision and patients have an excellent prognosis, with recurrence occurring in about 10% of the reported cases [10] and only one case reporting malignant transformation into invasive carcinoma after multiple recurrences over a period of years [9].



In this report, we present a case of a 73-year-old woman who presented to our institution due to left neck swelling and pain. A 3 cm hypoechoic, heterogeneous, circumscribed, solid mass was identified on neck ultrasonography within the left parotid gland. Left partial superficial parotidectomy was performed and a diagnosis of SPA was made based on histopathologic examination. Targeted next-generation sequencing (NGS) was performed showing three clinically significant alterations in the PIK3R1, HRAS, and AR genes. This surgical case report was conducted and reported in accordance with Surgical CAse REports (SCARE) guidelines for reporting case reports.




2. Case Presentation


A 73-year-old woman with a medical history of hypertension and thyroid disease presented to our institution with left neck swelling and pain. The patient never smoked and had no known allergies. Family history was not pertinent. Physical examination revealed a 2 cm firm smooth palpable left neck mass. A neck ultrasonography showed a hypoechoic heterogeneous solid mass within the left parotid gland measuring 2.9 × 2.9 × 2.2 cm. A computed tomography (CT) scan of the neck showed a 2.7 cm solid-appearing mass in the left parotid gland. A neoplastic process was favored. Fine needle aspiration revealed clusters of benign acinar cells in a background of scattered lymphocytes, favoring a benign pathologic process.



Left partial superficial parotidectomy with facial nerve dissection and nerve integrity monitoring was performed and the specimen was submitted to Pathology. The surgical specimen weighed 14 g and measured 5.3 cm from superior to inferior, 3.2 cm from anterior to posterior, and 1.6 cm from superficial to deep. It consisted of a 2.8 × 2.3 × 2 cm circumscribed and lobulated mass with a tan, white, focally yellow cut surface and multiple cystic areas (Figure 1). The mass appeared to be abutting the anterior, superficial, and deep margins. Microscopic examination revealed a proliferation of acini, ducts, and cysts. Some ducts exhibited intraductal epithelial proliferation with apocrine metaplasia resembling atypical ductal hyperplasia of the breast. Cysts were lined by eosinophilic cells with brightly eosinophilic cytoplasmic granules (Figure 2). Other findings included fibrosis, chronic, and xanthogranulomatous inflammation. The tumor appeared circumscribed and lacked anaplasia; however, a microscopic focus of perineural entrapment was also seen. Based on the pathologic findings, a diagnosis of sclerosing polycystic adenoma was made. The case was sent out in consultation, wherein there was an agreement with the diagnosis of sclerosing polycystic adenoma.



Targeted NGS was performed, and the results are summarized in Table 1. The Illumina TruSight™ Oncology 500 (TSO500) targeted hybrid-capture kit was used to target known disease-associated regions in DNA (523 genes) and RNA (55 genes). The targeted regions were sequenced using the Illumina NextSeq® 550Dx System with 101bp paired-end reads. The DNA and RNA data were analyzed using the Illumina Software TSO500 v2.0.0, a bioinformatics pipeline, and a customized analysis pipeline from PierianDx. The DNA sequence was aligned and compared to the human reference genome GRCh37p.13 (GRCh37/h19). The Clinical Genomics Workspace software platform from PierianDx was used to call, filter, and analyze variants found in the patient sample. TSO500 can detect multiple classes of variants, including single-nucleotide variants, multi-nucleotide variants (<3bp), small insertions (1-18bp) and deletions (1-27bp), copy-number variants, fusions, and splice variants. The assay quantitatively detects microsatellite instability (MSI) and tumor mutational burden (TMB).



Among its limitations, certain types of genetic alterations including large deletions and duplications, complex rearrangements, and repeat expansions may not be detected by the current analysis. A pathogenic change may not be detected if it is located outside of the targeted regions. The following untargeted exons have been identified: HIST2H3A NM_001005464.2 exon 1, HIST2H3C NM_021059.2 exon 1, MYB NM_001130173.1 exon 1, PAX8 NM_003466.3 exon 8, DPK1 NM_002613.4 exon 10, PDPK1 NM_002613.4 exon 3, PDPK1 NM_002613.4 exon 8, PDPK1 NM_002613.4 exon 6, PDPK1 NM_002613.4 exon 4, PDPK1 NM_002613.4 exon 5, PDPK1 NM_002613.4 exon 9, RANBP2 NM_006267.4 exon 13, RANBP2 NM_006267.4 exon 8, REL NM_002908.2 exon 9, RICTOR NM_152756.3 exon 19, and SUZ12 NM_015355.2 exon 3. Additionally, all small variant calls in the HLA-A, KMT2B, KMT2C, and KMT2D genes are filtered out due to potential mis-mapping as a result of sequence homology with other genomic regions. It is possible that pathogenic variants may not be reported by one or more of the tools because of the parameters used. However, tool parameters were optimized to maximize specificity and sensitivity.



As a result, three clinically significant alterations in the PIK3R1, HRAS, and AR genes were identified. No loss of PTEN was found. Specifically, the lesion harbored a missense hotspot alteration, c.182A>G (p.Q61R), in the HRAS gene, a missense alteration, c.1690A>G (p.N564D), in the PIK3R1 gene, and a splice site alteration, AR-V7, in the AR gene. In addition, six genomic variants of uncertain significance were identified, including DIS3 (p.T899I; NM_014953.3:c.2696C>T), ETV4 (p.K6*; NM_001079675.2: c.16A>T), HGF (p.M414T; NM_000601.4: c.1241T>C), IRS2 (p.P807L; NM_003749.2: c.2420C>T), PREX2 (p.D1100E; NM_024870.2: c.3300C>G), and SPEN (p.P542S; NM_015001.2: c.1624C>T). Microsatellite instability (MSI) and tumor mutational burden (TMB) scores were also tested, showing a stable MSI score of 4.1% (≤20% is considered stable) and a low TMB score of 4.8 muts/Mb (a high TMB score is defined as ≥10 Mutb/Mb).



We performed immunohistochemical (IHC) staining to assess the protein expression of AR using an automated Benchmark ULTRA staining platform (Ventana Medical Systems, Tucson, AZ, United States). Interestingly, there was strong and diffuse AR expression in the neoplastic epithelial cells, whereas the adjacent normal salivary gland tissue was dead negative for AR and served as an internal negative control (Figure 3).



Post-operatively, the patient recovered well with no clinical signs or symptoms of hypocalcemia (calcium level at 8.2 mg/dL post-operatively; reference range: 8.5–10.1 mg/dL) or hematoma formation. The patient was discharged the next day. On follow up after 1 year, the patient appeared to be recovering satisfactorily. The surgical incision was well-healed. Accordingly, no further therapy was warranted at this time and routine follow up was recommended.




3. Discussion


Sclerosing polycystic adenoma (SPA) consists of a circumscribed, lobular proliferation of acini and ducts with granular, vacuolated, or apocrine cellular features. Acini contain coarse red zymogen granules embedded in a fibrotic stroma, whereas the ductal elements are proliferative, creating a resemblance to low-grade intraductal carcinoma (“ductal carcinoma in situ”). Although SPA has histologic features that resemble fibrocystic changes of the breast, the admixture of acini, ducts, and sclerotic stroma present in this lesion makes it unique, unlike other well-established salivary gland neoplasms. In the 2017 World Health Organization Classification of Head and Neck Tumors, SPA was classified as a reactive non-neoplastic lesion [12]. Nevertheless, enough data are being published confirming its monoclonal (and hence neoplastic) nature, including our case [3,10]. The first study to shed light on this was conducted by Skálová et al. in 2006. In this study, the human androgen receptor assay (HUMARA) was utilized, exhibiting the presence of X-chromosome inactivation in six cases of SPA and providing strong evidence of monoclonality [3].



In our patient, a total of 523 genes were subjected to targeted NGS analysis. Splice site alteration, AR-V7, was identified in the androgen receptor (AR) gene. This alteration leads to the loss of the ligand-binding domain of the canonical AR transcript [13], causing constitutive activation of AR [14,15]. The latter belongs to the nuclear hormone receptor family, which acts as a transcription factor. Overexpression of AR is common in prostate cancer (PCa) [16] and is associated with resistance to anti-androgen therapy [17,18]. For instance, a study by Antonarakis et al. showed that circulating tumor cells harboring AR-V7 alterations from patients with advanced PCa are likely to be resistant to enzalutamide and abiraterone [17]. Interestingly, comprehensive molecular and expression analysis of the AR gene in 35 tumor specimens and cell lines derived from salivary duct carcinoma revealed AR overexpression in 70% of the cases [19]. This suggests that overactive AR signaling, which is an important oncogenic driver in PCa and possibly plays a role in salivary duct carcinoma, could be implicated in the pathogenesis of SPA [20].



In our case, a missense hotspot alteration, c.182A>G (p.Q61R), was also identified in the HRAS proto-oncogene. This alteration results in decreased HRAS GTPase activity [21]. HRAS is a member of the small GTPase family that, upon activation by growth factors, stimulates multiple downstream pathways such as RAF and PI3K to promote cell proliferation and survival [22,23]. Activating mutations in this gene have been commonly described in various tumors, including skin, head and neck, thyroid, kidney, and bladder cancers [24]. In salivary gland malignancies, HRAS mutations represent more than 90% of all RAS mutations, and they mainly occur in epithelial-myoepithelial carcinomas and salivary duct carcinomas [25].



Lastly, a missense alteration, c.1690A>G (p.N564D), was identified in the PIK3R1 gene. This alteration confers a loss of function to the PIK3R1 protein, leading to constitutive PI3K signaling, phosphorylation of AKT, and increased tumor growth, as demonstrated in animal models [26,27,28,29]. A study by Bishop et al. in 2020 including four patients with SPA showed that all cases tested with targeted NGS harbored mutations in genes that are members of the PI3K cell cycle regulation pathway, including PTEN, PIKCA, and PIK3R1 [10], which is consistent with our patient. Genetic mutations within the PI3K pathway are found in most tumors. The PI3K/AKT/mTOR pathway controls cell proliferation and survival and is an important therapeutic target in many cancer types [30]. Interestingly, a role for PI3K signaling had been defined in salivary duct carcinomas, rendering this pathway a target for personalized therapy [30,31,32,33]. Moreover, PI3K pathway alterations have been implicated in intraductal carcinomas of the salivary gland (apocrine variant) [34].



Due to the histologic features of this tumor, the main differential diagnosis of SPA includes chronic sclerosing sialadenitis (which exhibits dense lymphoplasmacytic infiltrate with lymphoid follicles) and intraductal carcinoma (a more complex cystic pattern with nuclear atypia). In fact, since both SPA and apocrine intraductal carcinoma harbor similar genetic aberrations, we hypothesize that those two entities may be closely related, and that SPA may indeed be a precursor lesion to apocrine intraductal carcinoma. Other neoplasms of the salivary glands have not been shown to harbor PTEN mutations, including pleomorphic adenoma, acinic cell carcinoma, and mucoepidermoid carcinoma. Nonetheless, genomic alterations in HRAS and PIK3R1, which we found in our case, have also been described in salivary duct carcinomas, implying a mutual genetic background among neoplasms occurring in the salivary glands. However, each behaves differently in a benign or malignant fashion. In SPA, recurrence has been reported only in around 10% of cases, and this is attributed to either multifocality or incomplete excision of the lesion [5]. Furthermore, only one case of SPA had been reported to undergo malignant transformation after three recurrences over a span of 32 years [9].




4. Conclusions


In conclusion, sclerosing polycystic adenoma (SPA) is a rare neoplasm occurring in the salivary glands, mainly the parotid glands, with around 60 cases reported worldwide. Genetic studies on patients with SPA have reported X-chromosome inactivation, PTEN loss, and PIK3CA and PIK3R1 mutations. We report, for the first time, two novel clinically significant genomic alterations in the HRAS and AR genes in a SPA of a 73-year-old woman, not including PIK3R1 gene alteration, which has been already reported. This molecular profile will enhance our understanding of the molecular pathways underlying the development of this benign neoplasm.
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Figure 1. Gross image of the left partial superficial parotidectomy specimen. A 2.8 cm circumscribed and lobulated mass was seen occupying the anterior portion of the parotid gland, with tan, white, focally yellow cut surface and cystic areas on cut section. 
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Figure 2. Microscopic images showing proliferation of acini, ducts, and cysts, with intraductal epithelial proliferation. Cysts are lined by cells with granular cytoplasm and apocrine features. Areas of fibrosis and chronic and xanthogranulomatous inflammation are also present. The tumor lacks anaplasia; however, a microscopic focus of perineural entrapment is seen. Images were taken at 50× and 400× magnification. 






Figure 2. Microscopic images showing proliferation of acini, ducts, and cysts, with intraductal epithelial proliferation. Cysts are lined by cells with granular cytoplasm and apocrine features. Areas of fibrosis and chronic and xanthogranulomatous inflammation are also present. The tumor lacks anaplasia; however, a microscopic focus of perineural entrapment is seen. Images were taken at 50× and 400× magnification.



[image: Cimb 45 00061 g002]







[image: Cimb 45 00061 g003 550] 





Figure 3. Microscopic images showing positive immunohistochemical protein expression of AR in the neoplastic epithelial cells (diffuse and strong nuclear staining) in (A) compared to the adjacent normal salivary gland tissue that was dead negative for AR in (B). Images were taken at 100× magnification. Abbreviations: H&E: hematoxylin and eosin; AR: androgen receptor. 
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Table 1. Next-generation sequencing results for the sclerosing polycystic adenoma.
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	Gene
	Alteration
	Reference Sequence
	Nucleotide Change
	VAF





	AR
	AR-V7
	NM_000044.3
	--
	--



	HRAS
	p.Q61R
	NM_005343.2
	c.182A>G
	0.7%



	PIK3R1
	p.N564D
	NM_181523.2
	c.1690A>G
	23.9%







Abbreviations: AR: androgen receptor; HRAS: HRas proto-oncogene; PIK3R1: phosphoinositide-3-kinase regulatory subunit 1; VAF: variant allele frequency.
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