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Adenoid Cystic Carcinoma (ACC) is a rare malignant tumor of the salivary glands. The most researched pathway

associated with ACC is the MYB–NFIB translocation, found to lead to dysregulation of critical cellular pathways and

thought to be a fundamental driver in a subset of ACC disease pathogenesis. Other notable molecular targets that

have been studied include the cKIT receptor, the epidermal growth factor receptor (EGFR) pathway, and NOTCH1,

all with limited efficacy in clinical trials. The ongoing investigation of molecular abnormalities underpinning ACC that

may be responsible for carcinogenesis is critical to identifying and developing novel targeted therapies.

Immune  Adenoid cystic carcinoma  Therapeutic Targets

1. Mutation Burden and Profile

Adenoid Cystic Carcinomas (ACCs) have been shown to possess a low mutational burden across numerous

studies, matching their indolent clinical behaviors. Using a cohort of 60 tumor samples and performing exome and

whole-genome sequencing, Ho et al. found ACCs to have low mutational burden compared to other common head

and neck cancers, such as head and neck squamous cell carcinoma (mean 22 coding mutations vs. 130,

respectively) . It is identified common alterations in chromatin regulation genes , as well as orthogonal

pathways such as histone acetyltransferase/deacetylase function, and DNA damage response . Similarly, Rettig

et al. studied 25 ACC samples using whole-genome sequencing (WGS) and found a median of 14 mutations per

tumor (range 2–36) and again, recurrent alterations in chromatin remodeling genes such as SMARCA2, MLL2, and

KDM6A . Potential mutational differences in 1045 ACC tissue samples in patients with primary (n = 177) versus

recurrent or metastatic (R/M) (n = 868) ACC were evaluated using WGS and next-generation sequencing. Notable

differences between the two patient groups included significantly increased mutational burden across the NOTCH

gene family, chromatin-remodeling genes, tumor suppressor genes, and DNA damage repair genes in R/M cases

.

2. MYB

MYB is a transcription factor studied for its known roles in oncogenesis, broadly including cell proliferation and

survival . Prior literature has focused on the MYB pathway’s involvement in the ACC mutational landscape, and

there is significant evidence for its role in ACC tumorigenesis . Specifically, MYB has been found as a fusion

oncogene with nuclear factor 1 transcription family (NFIB) in ACC with a t(6;9)(q23.3;p22.3) translocation . In
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studies characterizing structural variants of ACC using whole-genome sequencing, MYB translocations were the

only recurrent structural variants identified, reaffirming its significance . Drier et al. investigated ACC

translocations in detail using whole-genome sequencing and demonstrated that repositioning of regulatory

elements adjacent to MYB triggered overexpression. This group identified several distinct chromosomal

rearrangements, placing super-enhancers adjacent to the MYB locus, and demonstrated that these enhancers

directly interact with MYB. Interestingly, when studying how MYB may impact ACC histological classifications (i.e.,

tubular vs. cribriform vs. solid), unique regulatory and signaling pathways involving TP63 and NOTCH were

identified .

Another study by Hanna et al. evaluating R/M ACC identified MYB overexpression or rearrangement in 24 of 55

samples . The 10-year overall survival in the MYB-altered subgroup was 100%, the highest of any identified

alteration in their cohort . Rettig et al. identified the MYB–NFIB fusion oncogene in 11 of 25 tissue samples. NFIB

translocations occurred in 15 of 25 samples, sometimes involving genes besides MYB, suggesting the possible

role of NFIB in oncogenesis independent of MYB . However, these samples with NFIB fusions independent of

MYB were not confirmed on mRNA expression analysis . In a separate WGS study of eight ACC samples,

Thyparambil et al. reported a single sample with fusions of MYBL–NFIB or AHI1–NFIB, in agreement with the

aforementioned hypothesis .

The MYBL1–NFIB fusion is seen less frequently than MYB–NFIB but is similarly known to encourage oncogenic

overactivity  and thought to have similar oncogenic properties as the MYB–NFIB fusion . In a separate

sample with Saida et al., 45 of 52 ACC samples were found to contain translocations in MYB, MYBL1, and NFIB

detected via fluorescence in situ hybridization (FISH) . Translocations in ACC tumors fusing the MYBL1 gene to

the NFIB and RAD51B genes demonstrated similar outcomes to MYB translocations, suggesting a potential

interchangeable nature to these drivers of ACC .

Despite the high rate of translocation and mutation of MYB in ACC, actionable targets acting along this pathway

have had little success. There has been some discovery in vitro research to understand potential targets to the

MYB pathway. Recent work by Yusenko et al. evaluated a MYB inhibitory compound, Bcr–TMP, that acts as a

highly active MYB inhibitory compound, demonstrating anti-proliferative effects on ACC cells . This same group

further identified inhibition of MYB through proteasome inhibitors; further analysis of one such proteasome inhibitor,

oprozomib, interfered with MYB stimulatory activity . Hanna et al. investigated the use of Tretinoin (all-trans

retinoic acid) in patients with R/M ACC, as the retinoic acid receptor has been suggested to play a role in the

downregulation of MYB expression in studies on myeloid leukemia. No response in 18 patients and a median

progression-free survival of 3.2 months . Andersson et al. identified that IGF1R/AKT inhibition downregulated

MYB–NFIB activity in ACC models, suggesting a potential strategy to target transcriptional regulation in ACC .

His group more recently identified the DNA-damage sensor kinase ATR as a downstream therapeutic target of

MYB that appears to be overexpressed in primary ACCs. Further, treatment with an ATR kinase inhibitor (VX-970)

demonstrated a dose-dependent decrease in proliferation and induced apoptosis in MYB-positive ACC cells.

3. cKIT

[1]

[7]

[8]

[8]

[3]

[3]

[9][10]

[11] [12]

[13]

[14]

[15]

[16]

[17]

[18]



Molecular Therapeutic Targets for Adenoid Cystic Carcinoma | Encyclopedia.pub

https://encyclopedia.pub/entry/21823 3/12

cKIT is a receptor tyrosine kinase involved in intracellular signaling and cellular deregulation with known roles in

the development of leukemia, melanoma, thyroid cancer, and breast cancer . The role of cKIT in ACC has been

extensively studied. Many patients with ACC have demonstrated overexpression of cKIT, thought to range from 60

to 90% of ACC tumors . A study by Vila et al. in 2009 was the first to examine the cKIT gene mutation in

primary ACC, with cKIT missense point mutations detected in seven of eight samples (88%) . The identification

of gain-of-function mutations in exon 11, and less frequently in exons 9, 13 and 17, suggested tyrosine kinase

inhibitors as a potential treatment for ACC. Copy number variations in cKIT have also been investigated. Freier et

al. performed fluorescent in situ hybridization (FISH) on ACC samples found to express cKIT. In this cohort, 6% of

ACC tumors demonstrated a cKIT copy number gain, suggesting that a gain in gene copy number may explain

increased cKIT protein expression in a limited subset of ACC pathogenesis .

Targeted therapies against the cKIT receptor using tyrosine kinase inhibitors were one of the first attempts of

precision therapy in patients with ACC, specifically using imatinib, dasatinib, or sunitinib therapy. Unfortunately,

while high cKIT expression in ACC has been well established, these studies were largely disappointing, with an

overall response rate (ORR) below 5% and no significant improvement in patient survival in any of these trials 

.

In a phase II trial for imatinib, ten patients with advanced or metastatic ACC cKIT-positive tumors were enrolled in

daily dosing of imatinib at 400 mg/day, without any responses, and eight of the ten with disease progression after a

median of 6 months . In a separate phase II trial, no objective responses were appreciated in 15 patients with

the same dosing of imatinib . A separate study explored the efficacy of imatinib with cisplatin for patients with

ACC with a known overexpression of cKIT. Response to treatment was followed with imaging, demonstrating a

partial response in 3 of 28 patients and 19 of 28 patients with stable disease . Notably, their cohort overall

survival was 35 months.

Wong et al. studied the efficacy of dasatinib in 40 patients with ACC and cKIT-positive tumors determined by

immunohistochemistry . Only one objective response (2.5%) was reported. Twenty patients (50%) had stable

disease and 29 eventually experienced disease progression. Mean progression-free survival was 4.8 months.

Median survival for this cohort was 14.5 months, with a six-month survival rate of 81.5%.

In the response of R/M ACC patients to daily sunitinib, there were no objective responses in 13 patients, with

median OS of 18.7 months . These largely disappointing findings have led many investigators to conclude that

the cKIT pathway is not a primary driver in ACC tumorigenesis.

4. Epidermal growth factor receptor (EGFR)

Epidermal growth factor receptor (EGFR) is a transmembrane tyrosine kinase receptor which, when activated,

stimulates mitosis and leads to cell proliferation. EGFR is overexpressed in a variety of tumors and it is thought to

be overexpressed in up to 85% of ACC, making it a therapeutic target of interest . The immunohistochemical
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expression of EGFR in ACC tumors has been characterized; in a study of 25 ACC samples, EGFR expression was

quantified as weak-moderate in 32% and as strong in 64% of samples .

Prior studies have targeted the EGFR pathway via numerous therapeutic agents including gefitinib , cetuximab

, and lapatinib  without meaningful response rates in previously treated patients. Specifically, for cetuximab,

no patients with ACC (n = 23) demonstrated a meaningful response, with 12 of 23 patients having disease

stabilization greater than 6 months . In another study of 19 patients with advanced ACC, lapatinib , a small

molecule with dual EGFR and erbB2 tyrosine kinase activity, was studied. No responses were observed in this

patient population; 15 patients demonstrated disease stabilization of 6 months or greater.

5. Fibroblast Growth Factor Receptor 1 (FGFR1)

Fibroblast growth factor receptor 1 (FGFR1) is a downstream pathway from the MYB gene and upregulation can

lead to overexpression of FGF in patients with ACC . Dovitinib, a small molecular inhibitor of FGFR1, was

assessed for possible therapeutic effect in patients with advanced ACC and had a partial response rate and

disease stabilization rate of 6% and 65%, respectively .

Lenvatinib is a new-generation multi-kinase inhibitor against FGFR1-3, VEGFR2, cKIT, RET and PDGFR alpha and

beta, and has been found to have more promising results . To date, two separate studies by Locati et al. and

Tchekmedyian et al. have investigated the efficacy of lenvatinib in R/M ACC. Locati et al. evaluated 26 patients in

their cohort, noting a partial response rate of 12% (n = 3). In patients with stable disease (n = 20), tumor shrinkage

by radiographic evaluation was reported to be approximately 25% in 4 patients. Dose adjustment was required in

the vast majority of patients (92%). The median progression-free survival and OS were 9.1 months and 27 months,

respectively . Similarly, Tchekmedyian et al. reported a partial response rate of 15.6% in 32 patients with R/M

ACC. Eight (25%) patients had more than 20% reduction in tumor size . At least one dosage modification was

required in 72% of patients. The median progression-free survival was reported to be 17.5 months.

In light of these results, lenvatinib was designated a National Comprehensive Cancer Network (NCCN) grade 2b

 recommendation (NCCN panel vote of at least 50–85%), for treatment of progressive or R/M ACC in the NCCN

Head and Neck Cancers guidelines V.1.2020 . In an ongoing phase II study, the efficacy of combination

lenvatinib and pembrolizumab therapy in treating advanced ACC and other salivary gland cancers is currently

underway .

6. Vascular Endothelial Growth Factor (VEGF)

Vascular endothelial growth factor (VEGF) has been assessed for a potential role in ACC disease progression,

given the role of other growth factors as described above as well as its role in tumor angiogenesis. In prior studies

assessing ACC tumor samples, VEGF expression was considered a poor prognostic factor for tumor stage  as

well as overall survival .
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Pazopanib, a small molecule inhibitor of VEGFR, PDGFR, and KIT, has previously been assessed for antitumor

activity in ACC patients with underwhelming results, including 1 of 46 patients demonstrating a partial response

and 35 of 46 with stable disease . The median progression-free survival and overall survival were reported at 5.9

months and 16.6 months, respectively.

7. NOTCH1

The NOTCH signaling pathway is a well-known critical regulator of cell proliferation and survival. In particular,

mutation of the NOTCH1 gene has been shown to play a role in R/M ACC, possibly via induction of

neoangiogenesis as the mechanism of tumor growth . Further, NOTCH1 has been found to be heavily mutated

across ACC . Patients who exhibited NOTCH1 mutations in ACC samples have been associated with an overall

shorter survival . Activating NOTCH1 is present in approximately 20% of ACC and is associated with a more

aggressive disease course with higher rates of bone and liver metastases . Chintakuntlawar et al. reviewed

genetic testing results for 23 ACC patients and identified 41 unique mutations, among which 22% (5/23)

demonstrated NOTCH mutations .

Additional literature has suggested increased rates of NOTCH mutation in R/M cases. For example, Ho et al.

demonstrated a significantly higher proportion of NOTCH1 mutations in R/M cases of ACC compared to primary

cases . Similarly, Su et al. noted higher expression levels of NOTCH1 in R/M ACC cases as compared to primary

ACC tumors . Activated NOTCH1 upregulates genes such as BCL-2 and CCND1, well-known anti-apoptotic and

cell cycle-related genes, which suggests a possible role of NOTCH1 in metastatic ACC.

Mouse models with NOTCH1 mutants receiving specific monoclonal antibodies targeting NOTCH1 have

demonstrated partial responses in ACC tumor size . However, human phase I trials have demonstrated minimal

responses, with ranging therapeutic toxicities . A phase I trial studying bronticuzumab, the monoclonal antibody

against Notch1, demonstrated 6 of 36 ACC subjects had either a partial or prolonged period of disease stabilization

(NCT01778439) . A phase I trial of the small-molecule CB-103, an upstream inhibitor of the NOTCH pathway,

is also being studied with preliminary data demonstrating a median progression-free survival of 22 weeks in ACC

patients (NCT03422679) . The preliminary results from the ACCURACY trial, an open-label, multicenter study of

AL101, a small molecule selective gamma-secretase inhibitor that blocks Notch signaling, demonstrated early

disease activity with a response rate of 15% .

8. Estrogen Receptor

Several studies have investigated the possibility of estrogen receptor blockade as a therapeutic target for ACC.

Estrogen receptor (ER)-beta subtype has been found to be expressed in salivary gland cells, and it is hypothesized

that estrogen may regulate salivary gland physiology . Another report found significantly increased ER-beta

nuclear expression in 32 of 38 cases of ACC . However, to date, it is unclear what role increased ER-beta
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subtypes plays with regard to ACC tumorigenesis, or the feasibility of estrogen receptor blockage as a therapeutic

target for ACC.

9. PI3K/PTEN/mTOR Pathway

The PI3K/PTEN/mTOR pathway is a complex pathway that transmits proliferative intracellular signals from

membrane-bound receptors . Various components of this pathway have been explored for their roles in ACC

pathogenesis. In a phase II study of everolimus, an mTOR receptor inhibitor, to treat progressive unresectable

ACC, everolimus showed promising efficacy. Among 34 enrolled patients, median progression-free survival was

11.2 months with 27 patients showing stable disease and tumor shrinkage seen in 15 subjects . Results from a

recent phase I study investigating the combined effects of lenalidomide in combination with everolimus

demonstrated this combination to be safe and tolerable with particular excitement for their efficacy in ACC .

The FGF/IGF/PI3K pathway has been a target for prior study in ACC, with Ho et al. identifying recurrent mutations

in 30% of ACC tumors in this pathway .

PTEN has been studied extensively as one of the most important tumor suppressors in human cancers; inhibition

of PTEN promotes tumorigenesis. Liu et al. reported that loss of PTEN expression was most frequently seen in

ACC as compared to other salivary gland malignancies, representing 26 of 55 of ACC samples, especially in the

poorly differentiated, high-grade subtype of solid ACC (18/22) .

Yu et al. found the expression of p-S6 (downstream molecule of mTOR), p-Stat3, PAI, EGFR and HIF-1a was

significantly increased in 72 ACC samples, compared with 12 pleomorphic adenoma and 18 normal salivary glands

tissues, suggesting possible mTOR downstream inhibitors as ACC therapy targets .
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