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Abstract

Acinic cell carcinoma (AciCC) is a rare salivary gland cancer with excellent prognosis in 

most cases. However, a subset of patients will develop distant metastasis and die of disease. 

Recently, a two-tiered grading scheme in AciCC was proposed to recognize patients at risk for 

poor outcome. We performed a genetic analysis of AciCC to explore the underlying molecular 

correlates of the tumor grade and examined PD-L1 expression to identify potential candidates for 

immunotherapy. A retrospective cohort of 55 patients included 34 high-grade and 21 low-grade 

AciCCs. Forty-three cases were subjected to a targeted exome sequencing by MSK-IMPACT. 

PD-L1 immunohistochemistry was performed on 33 cases. Tumor mutation burden was low with 

a median 1 and 2 mutations in low-grade and high-grade AciCCs, respectively. CDKN2A/B was 

the most frequently altered gene and loss-of-function mutations were found only in high-grade 

but not in low-grade AciCCs (58.1%, 18/31 vs. 0/12, p<0.001). CDKN2A/B alterations were 

significantly associated with distant metastasis, which occurred in 88.9% (16/18) CDKN2A/B 
mutants vs. 44% (11/25) wild-type cases (p=0.004, Fisher’s exact test). Sequential profiling of 
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multiple, temporally distant samples from the same patient demonstrated intratumor heterogeneity 

including detection of CDKN2A/B deletion in the second, high-grade metastasis only. ATM and 

PTEN mutations were detected in 19.4% (6/31) and 16.1% (5/31), ARID2, BIRC3 and FBXW7 
mutations each in 12.9% (4/31), and TP53, MTAP and FAT1 each in 9.7% (3/31) HG AciCC. 

PD-L1 positive labeling was more common in high-grade AciCC (9/17, 52.9% vs 3/16, 18.9%, 

p=0.071). CDKN2A/B mutations in AciCC represent a molecular marker of high-grade histology 

and disease progression providing a rationale for further studies to determine their prognostic 

and therapeutic significance in this salivary gland cancer. AciCC with ATM mutations may be 

amenable to targeted therapy. Immunotherapy can be considered as a treatment option for a subset 

of AciCC patients.
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Introduction

Acinic cell carcinoma (AciCC) is a rare malignant salivary gland neoplasm and vast 

majority of cases arise in the parotid and affects patients of a wide age range including 

children and young adults (1, 2). Although most cases show an indolent biological behavior, 

about 35%–45% cases recur and 15–20% have distant metastases, most commonly in lung 

(3). Overall 20-year survival is 90%, but is only 22 % in patients with distant metastasis (4). 

Most AciCCs display low-grade (LG) histology but high-grade (HG) histological features 

such as increased mitotic activity, tumor necrosis and cytologic pleomorphism occasionally 

referred to as “high-grade transformation” have been long recognized and linked to worse 

prognosis (5–7). Although earlier studies demonstrated associations between histologic 

grade and tumor biology (8), a systematic histological grading scheme to help better AciCC 

patient risk stratification is lacking at present. Recently, Xu et al. explored 3 histologic 

grades in a large retrospective AciCC cohort (9). The prognosis of LG and intermediate 

grade (IG) did not significantly differ and 5-year overall survival (OS), disease-specific 

survival (DSS), disease-free survival (DFS) and distant metastasis-free survival (DMFS) 

were 100%, 100%, 80%, 90% for LG or IG AciCC, respectively, but was only 50%, 50%, 

37%, and 48% for HG AciCC. Ultimately, the authors proposed a two-tiered grading scheme 

(LG and HG) using a cut off of 5 or more mitoses per 10 high power fields (HPF) and/or 

presence of necrosis for HG AciCC (9). HG histology emerged as an independent adverse 

prognostic factor for OS, DFS and DMFS (9). At the genetic level, irrespective of the 

tumor histology or grade, the vast majority of AciCC harbor recurrent rearrangements [t(4;9)

(q13;q31)]. Highly active chromatin regions (enhancers) from the secretory Ca-binding 

phosphoprotein gene cluster at 4q13 are translocated to 9p31 chromosomal region, upstream 

of transcription factor Nuclear Receptor Subfamily 4 Group A Member 3 (NR4A3) leading 

to the constitutive activation and overexpression of NR4A3 through “enhancer hijacking”. 

This event has been recognized as the initial oncogenic driver event in AciCC with [t(4;9)

(q13;q31)] rearrangement (10). Consequently, nearly all AciCC are positive for NR4A3 by 

immunohistochemistry, which has been utilized as a highly specific and sensitive marker for 

AciCC in surgical pathology practice (11).
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However, genetic markers associated with HG histology that could help separate cases with 

more aggressive biology have not been sufficiently explored. Here, we performed a genetic 

analysis of AciCC enriched for HG carcinomas aiming to identify the underlying molecular 

correlates of the tumor grade and to search for molecular biomarkers of prognostic 

and/or therapeutic value. In addition, given the limited treatment options for recurrent 

and/or metastatic AciCC and the potential treatment benefits of immunotherapy in various 

malignancies (12, 13), we explored the expression of programmed death-ligand 1(PD-L1) in 

AciCC.

Materials and methods

Cases

Upon approval of the Institutional Research Board of Memorial Sloan Kettering Cancer 

Center (MSKCC), a retrospective cohort of 55 AciCC patients diagnosed from 1985 to 

2021. A total of 62 formalin-fixed paraffin embedded (FFPE) samples comprising 45 

primaries and 17 metastatic tumors were collected. These included 23 LG and 39 HG 

tumors. An overview of basic demographic information and tests performed is provided in 

Table S1. Pathology slides on all cases were reviewed by head and neck pathologists (BX, 

NK, SD) and diagnoses were rendered following the WHO 4th edition criteria (2). A recently 

proposed grading scheme was used to define tumors as HG AciCC if they showed mitotic 

index of ≥ 5/10 HPFs (> 4/2 mm2) or tumor necrosis (9).

Molecular profiling by targeted exome sequencing

Molecular profiles on 50 samples were obtained from 43 patients. In 5 cases, both, 

primary and metastasis were sequenced, including a case with microdissected LG and HG 

component of the primary tumor (ACI_09). In one case, 2 temporally separate metastases 

were profiled (ACI_29). With the exception of 4 molecular profiles (ACI_39-ACI_42) 

performed in an outside laboratory using a similar method (14), the remaining 46 samples 

were sequenced in house as research (n=27) or clinical (n=19) samples. Minimum required 

tumor content was 20%. Genomic DNA was extracted from FFPE unstained tumor sections 

in all cases. Matched normal DNA from FFPE non-neoplastic tissue (n=21) or unmatched 

pool normal DNA (n =5) was used for all research samples, and matched normal blood was 

used for all clinical samples as previously described (15). A targeted hybridization capture-

based massive parallel sequencing was performed by Memorial Sloan Kettering-Integrated 

Mutation Profiling of Actionable Cancer Targets (MSK-IMPACT), a clinically validated 

molecular assay to interrogate somatic variants in 341–505 cancer-related genes (15, 16). 

Oncogenic potential of somatic alterations and therapeutic levels of evidence were assessed 

by OncoKB (Table S2), as previously reported (17).

Immunohistochemistry

Immunohistochemistry for NR4A3 was performed using a monoclonal antibody (clone: 

NOR1 [H7], SC-393902, dilution: 1:100; Santa Cruz Biotechnology Inc., Heidelberg, 

Germany) as previously described and the was considered positive if >5% of tumor cells 

exhibited nuclear staining of any intensity (9). PD-L1 antibody E1L3N (Cell Signaling 

Technology, Danvers, MA, USA) was used according to manufacturer’s recommendations. 
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The immunoexpression was scored as previously described; the percentage of positive tumor 

cells was calculated as the numbers of tumor cells with partial or complete membranous 

staining of any intensity divided by the number of tumor cells (18). The percentage of 

PD-L1-positive immune cells was calculated as the number of immune cells showing 

cytoplasmic and/or membranous staining of any intensity divided by the number of tumor 

cells. PD-L1 was interpreted as positive if a combined positive score (CPS) (calculated as 

the sum of positive tumor cells and positive immune cells divided by the total tumor cells 

multiplied by 100) was at least 1 (18).

Results

Patients

Of 55 patients, there were 32 women presented at a median age 59 years (range 21–88 

years) and 23 men presented at a median age 57 years (range 31–77 years). Out of 43 

cases subjected for molecular analysis in the current study, 62.8% (n=27) had history of 

distant metastasis. Outcome for 46 patients was previously reported by our group (9) and 

clinico-pathological features of 9 new cases are provided in Table S3.

Molecular analysis

a) Most HG AciCC harbor oncogenic mutations.—The tumors were sequenced at 

the median depth of coverage of 350x (range, 73–1927x). The median mutation count for 

all samples was 1 mutation per sample (range 0–11) and was higher in HG than in LG 

tumors (median 2 vs 1 mutation, p=0.024, Student t test). Eighty-five (likely) oncogenic 

genetic alterations included 51.8% (44/85) whole gene deletions, 27.1% (23/85) truncating 

mutations, 11.8% (10/85) missense mutations, 3.5% (3/85) structural variants, 3.5% (3/85) 

amplifications and 2.3% (2/85) promoter mutations (Figure 1A). Cell-cycle and TP53 

pathways were most frequently affected pathways in AciCC. (Figure 1B). At least one 

(likely) oncogenic mutation was identified in 90.3% (28/31) of HG vs. 41.7% (5/12) in LG 

cases (p=0.002, Fisher’s exact test, Figure 2). A complete list of mutations is provided in 

Table S4.

b) Highly recurrent CDKN2A/B loss-of-function mutations are present in 
most HG AciCCs and are associated with distant metastasis.—Most frequent 

recurrent, mostly oncogenic loss-of-function alterations CDKN2A/B affected 41.9% (18/43) 

cases but were exclusively found in HG tumors (58.1%, 18/31 vs 0, p<0.001, Fisher’s exact 

test; Figure 3). These included CDKN2A/B whole gene deletion (n=15), three CDKN2A/B 
structural variants/rearrangements and one CDKN2A R80* mutation. The presence of 

oncogenic CDKN2A/B alteration was significantly associated with distant metastasis; 88.9% 

(16/18) CDKN2A/B mutants had distant metastasis vs. 44% (11/25) CDKN2A/B wild-type 

cases (p=0.004, Fisher’s exact test). A complete list of copy number alterations is provided 

in Table S5 and details on structural variants are in Table S6.

c) HG AciCCs are enriched for mutations in ATM and PTEN.—ATM and PTEN 
mutations were found in 19.4% (6/31) and 16.1% (5/31) HG AciCCs. Other recurrent 

mutations detected only in HG tumors involved ARID2, BIRC3 and FBXW7, each in 12.9% 
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(4/31), TP53, MTAP and FAT1, each in 9.7% (3/31), and MED12, MET, APC, PRKN, 
RAD50 and SETD2 each in 6.5% (2/31) HG AciCCs. In contrast to HG, mutations in LG 

AciCCs were overall less common and NF1, TERT, BAP1 and ARID1A oncogenic variants 

were each detected in a single case (Figure 2).

d) Most HG AciCCs harbor mutations associated with targeted molecular 
therapies.—Overall, 46.5% (20/43) AciCCs including the majority of HG AciCCs (61.3%, 

19/31) showed mutations potentially targetable with standard or experimental therapies in 

clinical trials (Table 1). More specifically, in 25% (5/20) cases, these alterations qualified as 

a “standard care or investigational biomarker predictive of response to an FDA-approved 

or investigational drug in another indication” (OncoKB level 3B). In the remaining 

75% (15/20) cases, potentially targetable mutations met the criteria for OncoKB level 4, 

“compelling biological evidence supports the biomarker as being predictive of response to a 

drug” (Table 1). Details on OncoKB therapeutic levels of evidence are provided in Table S2.

e) AciCC exhibits intratumor heterogeneity.—Sequencing of more than one sample 

per patient demonstrated intratumor heterogeneity in AciCC. In ACI_09, PTEN deletion 

present in the LG component of the primary was absent in the HG component as well 

as in the metastasis. HG component of the primary and metastatic ACI_09 showed ATM 
mutation. In ACI_17, oncogenic FAT1 and NF1 deletions were detected in the primary but 

were both absent in the subsequent metastasis. In ACI_21, ATM X1313_splice oncogenic 

variant seen only in the primary, and TP53 and WT1 deletions, and CDK4 K22Q and 

CYLD G150* were found only in the subsequent metastasis. In ACI_29, FBXW7 and FAT1 
deletions detected in the first, LG metastasis were absent in the second, HG metastasis, 

which acquired CDKN2A/B and MTAP deletions (Figure 2).

NR4A3 expression

Out of 55 cases, NR4A3 immunohistochemistry was performed on 31 cases with available 

material and all (100%) cases, 14 LG and 17 HG AciCC were positive (Table S1). 

These included 8 LG and 14 HG carcinomas were with available molecular profile. No 

difference in NR4A3 immunoexpression was observed between CDKN2A/B mutant (n=7) 

and CDKN2A/B wild-type (n=7) HG AciCC (Figure 2).

PD-L1 expression

Of 33 cases, 36.4% (n=12) were positive for PD-L1 and trended towards HG than in LG 

tumors (9/17, 52.9% vs 3/16, 18.9%, p=0.071). CPS ranged from 1–20 in HG, and 3–10 

in LG AciCCs. Notably, in all positive cases, positive CPS was based only on PD-L1 

expression in immune cells; tumor cells were PD-L1 negative in all cases (Figure 4).

Discussion

Most AciCCs, stage I and II, are successfully treated with surgery alone and prognosis 

in such cases is excellent (1). These would include AciCCs with LG histology, whereas 

HG carcinomas have a higher propensity to recur/metastasize and to show poor outcome 

(9). The treatment options for recurrent/metastatic AciCC are limited and include radiation 
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therapy and chemotherapy (1, 19). Experience with molecular therapies, mTOR inhibitors 

for instance, is limited and no specific targeted therapeutic agent has yet been identified 

(20). Herein, we studied a relatively large cohort of AciCCs enriched for HG tumors and 

identified recurrent somatic mutations of potential prognostic and therapeutic significance. 

We assessed the tumor immune microenvironment by PD-L1 and showed that AciCC 

patients can be candidates for immunotherapy.

Using a targeted exome sequencing assay, we found that most HG carcinomas harbored 

recurrent oncogenic mutations affecting mainly cell cycle and TP53 pathways. The most 

frequently altered gene CDKN2A is a tumor suppressor gene that inhibits CDK4/6 activity 

and is frequently deleted across cancers. Two reported AciCCs, one with CDKN2A/B 
deletion and nonsense ARID2 mutation (21), and the other with CDKN2A/B and MTAP 
deletion (22) both presented as locally aggressive cancers and developed a widely metastatic 

disease. This is in line with the present study showing CDKN2A/B mutations exclusively 

in HG carcinomas and being significantly associated with distant metastasis. Indeed, 

CDKN2A/B genetic alterations were indicators of poor prognosis in multiple cancer types, 

including salivary gland tumors such as mucoepidermoid carcinoma (23–26). More recently, 

loss of CDKN2A/B was reported in various salivary gland tumors with HG features, 

including AciCC (27). In meningiomas, they were associated with early recurrence (28). 

In intrahepatic cholangiocarcinoma, CDKN2A/B loss was associated with shorter overall 

survival (29). In oral squamous cell carcinomas, deleted CDKN2A/B was also an indicator 

of low survival rate and recurrent tumors showed a significant CDKN2A/B downregulation 

via whole gene deletion or truncating mutations in comparison to their primaries (30). In 

agreement with the latter, we found CDKN2A/B deletion only in the second, HG metastasis 

of ACI_29, further suggesting this could be a late event in carcinogenesis and associated 

with the progression of disease.

CDKN2A/B loss-of-function mutations have been associated with resistance to 

immunotherapy in multiple cancers (31, 32). A significant proportion of our cases were PD-

L1 positive, including those with altered CDKN2A/B. Although the response to check-point 

blockade is partly determined by the tumor type (33), CDKN2A/B mutation status could 

be explored as a parameter of response if AciCC is considered for this treatment modality. 

Finally, CDKN2A/B mutations in AciCC may be an indication for targeted therapy agents 

such as CDK4/6 inhibitors. For instance, non-small cell lung carcinomas harboring loss 

of CDKN2A/B showed promising results after treatment with CDK4/6 inhibitors (34, 35). 

These agents are also currently explored for treatment of sarcomas and early clinical success 

has been documented in select cases with altered CDKN2A-CCND-CDK4/6-Rb pathway 

including CDKN2A/B loss-of-function somatic variants (36). A similar treatment approach 

could be investigated for patients with CDKN2A/B mutated AciCC.

Other recurrent genetic events of potential clinical significance in HG AciCCs included 

DNA repair genes mutations such as ATM, CHEK1 and CHEK2, which can be targeted 

with PARP inhibitors. Patients with metastatic castration-resistant prostate cancer with 

mutations in homologous recombination repair genes can benefit from Olaparib (37, 

38) raising a possibility that the same treatment option might be considered for select 

AciCC patients. Furthermore, somatic mutations in ATM were associated with exceptional 
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responses to radiotherapy in patients with head and neck squamous cell carcinoma (39) and 

these associations can be explored in AciCC cases undergoing radiation treatment. Lastly, 

carcinomas with activating PTEN or PIK3CA mutations may become amenable for targeted 

treatment with PI3K inhibitors (40).

Finally, sequential sequencing of multiple tumors from the same patient showed that 

AciCC can display significant intratumor heterogeneity. In addition to acquiring new 

alterations such as CDKN2A/B deletion (ACI_29) in certain instances, potentially targetable 

alterations, namely ATM mutation (ACI_21) detected in the primary tumor were later 

absent in the subsequent metastasis. While the underlying mechanisms of such phenomena 

would be a subject of further studies, this observation per se emphasizes the importance 

of obtaining the molecular profile on the most recent recurrent/metastatic tumor sample if 

targeted therapies come into consideration.

Our study has a few limitations. First, despite studying a relatively large cohort, the number 

of HG cases was still insufficient to perform a meaningful survival analysis in respect to the 

presence of CDKN2A/B mutations. Second, we were unable to obtain the status of NR4A3 
gene and correlate the presence of rearrangement with other tumor features. Nevertheless, 

positive NR4A3 immunoexpression in all tested cases irrespective of the histologic grade 

or CDKN2A/B mutation status may suggest there are no particular associations between 

[t(4;9)(q13;q31)] rearrangement and the tumor grade or provided molecular features in this 

cohort. Several important conclusions emerged from this cohort which, to our knowledge, 

includes the largest number of genetically profiled HG AciCCs. Although characterized 

by a “quiet” genome, the large majority of HG AciCCs harbor biologically significant 

genetic alterations detectable by a targeted exome sequencing assay. CDKN2A/B mutations 

emerged as a genetic correlate of HG histology and a marker of disease progression in 

AciCC. Alternate treatment options such as targeted therapies and/or immunotherapy can be 

considered for qualifying AciCC patients. The data presented here provide a strong rationale 

for further studies to determine the prognostic significance and therapeutic relevance of 

recurrent oncogenic mutations in AciCC and particularly those involving CDKN2A/B and 

ATM genes.
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Figure 1. 
Distribution of (likely) oncogenic genetic alterations in acinic cell carcinoma (A). Signaling 

pathways affected in acinic cell carcinoma (B).
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Figure 2. 
Oncoprint of oncogenic and/or recurrent genetic alterations in acinic cell carcinoma. Top 

row represents patients. Frequencies of mutations are calculated per case/patient and 

represented as percentage occurrence in the entire cohort (left column), in low-grade acinic 

cell carcinomas (middle column) and in high-grade acinic cell carcinomas (right column).
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Figure 3. 
High-grade acinic cell carcinoma with CDKN2A/B deletion. Haemotoxylin and 

Eosin(H&E) microphotographs (left) and copy number plots (MSK-IMPACT; right); Y-

axis depicts copy number changes expressed as the log2 transformed tumor/normal ratio 

according to their genomic positions indicated on the x-axis. Each dot represents one exon 

and ≥2-fold tumor/normal ratio is indicated with red dots. ACI_30 with extensive necrosis 

and CDKN2A/B deletion (green arrow; A). ACI_37 with focal necrosis CDKN2A (green 

arrow) and ATM deletion (blue arrow; B). ACI_38 showed high mitotic activity (yellow 

arrows, inset), CDKN2A (green arrow) and PTEN deletion (blue arrow; C).
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Figure 4. 
High-grade acinic cell carcinoma (A) demonstrates positive programmed cell death 

ligand-1(PD-L1) expression in the immune cells (B).
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Table 1.

Genetic alterations in acinic cell carcinoma associated with molecular therapeutic agents.

Case Gene Mutation OnkoKB Level Therapeutic Agent

ACI_01 NF1 A1873fs 4 MEK1/2 inhibitor

ACI_06 CDKN2A Deletion 4 CDK4/6 inhibitor

ACI_12

CDKN2A/B Deletion 4 CDK4/6 inhibitor

CHEK2 Y445* 3B PARP inhibitor

PTEN H93L 4 PI3K inhibitor

ACI_16 CDKN2A Deletion 4 CDK4/6 inhibitor

ACI_17 CDKN2A R80* 4 CDK4/6 inhibitor

CDKN2B Structural variant

NF1 Deletion 4 MEK1/2 inhibitor

ACI_21 ATM X1313_splice 3B PARP inhibitor

ACI_22 CDKN2A Deletion 4 CDK4/6 inhibitor

ACI_23
CDKN2A/B Deletion 4 CDK4/6 inhibitor

ATM E2245* 3B PARP inhibitor

ACI_26
PIK3CA C420R 3B PI3K inhibitor

CDKN2A Structural variant

ACI_28 CDKN2A2B Deletion 4 CDK4/6 inhibitor

ACI_29 CDKN2A/B Deletion 4 CDK4/6 inhibitor

ACI_30 CDKN2A/B Deletion 4 CDK4/6 inhibitor

ACI_31 CDKN2A/B Deletion 4 CDK4/6 inhibitor

ACI_33 CDKN2A/B Deletion 4 CDK4/6 inhibitor

ACI_34 CDKN2A Deletion 4 CDK4/6 inhibitor

ACI_37

ATM Deletion 3B PARP inhibitor

CHEK1 Deletion 3B PARP inhibitor

CDKN2A Deletion 4 CDK4/6 inhibitor

ACI 38
CDKN2A Deletion 4 CDK4/6 inhibitor

PTEN Deletion 4 PI3K inhibitor

ACI_39 CDKN2A Deletion 4 CDK4/6 inhibitor

ACI_42 CDKN2A Deletion 4 CDK4/6 inhibitor

ACI_55 CDKN2A Structural variant 4 CDK4/6 inhibitor
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Case Gene Mutation OnkoKB Level Therapeutic Agent

PTEN E242* 4 PI3K inhibitor
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