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A B S T R A C T   

Adenoid cystic carcinoma (ACC) is a rare tumor, usually arising in the salivary gland, accounting for 1% of all 
head and neck cancers. ACC may have a long-term poor prognosis, as about 40% of radically treated patients will 
recur locoregionally and up to 60% will develop distant metastasis. 

Factors influencing risk of recurrence have been well studied, but few data exist about prognostic factors in 
Recurrent/Metastatic (RM) setting. Moreover, treatment of RM ACC is often a challenge for clinicians, in the 
context of a rare disease, which may have an indolent clinical behavior or less frequently a quicker growth and 
with a paucity of available clinical trials. 

This review critically analyzes pathological and molecular prognostic factors in RM ACC and make an over-
view on actual therapeutic choices and future direction of therapy. 

Recognized prognostic factors in RM ACC are the presence and site of distant metastasis (lung vs other), the 
presence of nodal metastasis and of extranodal extension, skull base recurrence, disease free interval, lympho-
vascular invasion, solid histotypes and grading of disease, and the presence of mutation of NOTCH1 family, PI3K, 
and TP53. 

Due to disappointing results with chemotherapy, new approaches are under study, also on the basis of bio-
molecular research. Ongoing clinical trials are evaluating treatment targeting MYB and NOTCH1 alterations, 
immunotherapy or combination of targeted treatments and immune checkpoint inhibitors.   

Introduction 

Adenoid cystic carcinoma (ACC) is a rare cancer, mainly originating 
from salivary glands; it accounts for 1% of all head and neck cancers, 
20% of all malignant salivary gland tumors and 58% of minor salivary 
gland tumors [1]. 

The reported incidence of ACC is 4.5 cases/100,000 individuals, with 

a slight female predominance (60%), and a median age at diagnosis of 
57 years [2]. 

ACC may have a long-term poor prognosis, which varies depending 
on the retrospective studies considered. A large-scale European study 
showed a 10-year survival of 65% [3], while according to another study, 
5-, 10- and 20-year survival rates were 68%, 52% and 28%, respectively 
[4]. A large prospective French trial showed 5- and 10-year survival of 
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85% and 67%, respectively [5]. Locoregional recurrence rate is close to 
40% at 5 years, while the rate of distant metastasis varies from 8% to 
60% [6], with an average time to metastases of 5 years, although 
sometimes they can occur even 12–15 years later [7]. Metastatic path-
ways are mainly hematogenous, lungs (70% of cases), bones (6% of 
cases), liver (3% of cases) are, indeed, the most frequently involved sites, 
whereas involvement in the brain or multiple sites is rare. Intracranial 
metastases linked to perineural diffusion along cranial nerves could be 
found on rare occasions [8]. 

Clinical behavior of recurrent/metastatic (RM) disease varies ac-
cording to the site of recurrence, with generally more aggressive disease 
in case of locoregional recurrence than in case of distant spreading, even 
if exceptions to this rule may be found. 

Due to the high rate of relapse and the limited treatment opportu-
nities, many of which are not sustained by adequate clinical trials, we 
need to define precisely prognostic factors in the RM setting, so to give 
more information to clinicians in difficult therapeutic choices. In this 
review, we aim to analyze the prognostic relevance of several factors 
(clinical, pathological and molecular) in patients affected by RM ACC 
and to depict the possible therapeutic management. 

Prognostic factors 

As discussed, it is crucial to select the time and the patients to whom 
propose treatment for RM ACC; we should be able to depict all the 
clinical–pathological and molecular factors in this setting of disease as 
detailed as possible. This approach could ideally prompt an open dis-
cussion between patients and physicians about the meaning of any 
treatment opportunities and the main outcome they expect to achieve. 
The identification of prognostic factors is the first step in order to define 
a personalized treatment or an informed follow-up in each patient. 

Prognostic factors in ACC could therefore be classified into factors 
linked to the patient, to the disease and to the treatment. Moreover, 
based on existing literature, they may be also divided in clinical – 
pathological and biomolecular prognostic factors. 

It should however be emphasized the fact that in such a rare disease, 
the evidence for prognostication is mainly derived from retrospective 
analysis of monoinstitutional series, therefore with intrinsic weaknesses. 
Moreover, one should differentiate between prognostic and predictive 
factors: while the former ones may be identified even with the afore-
mentioned limits, the latter ones are lacking, even in the setting of tar-
geted agents, as discussed later. 

Clinical–pathological factors 

The most important clinical-pathological factors influencing the risk 
of recurrence after a curative approach (tumor size, surgical margins, 
lymphovascular and perineural invasion, histological grade, TNM and 
age) [2,9], have not been clearly confirmed as prognostic factors also in 
the RM setting. 

Gao et al. confirmed the different survival rates between patients 
who do and do not develop distant metastasis (DM). The overall 5-, 10- 
and 20-year survival rates were 85.6%, 67.4%, and 50.4%, respectively, 
for patients without DM, and 69.1%, 45.7%, and 14.3%, respectively, 
for patients with DM; the median survival time after appearance of 
distant metastases was 36 months (range: 1–112 months) [10]. 

Sung et al. showed that the location of metastasis has an impact on 
prognosis: median survival time after appearance of DM among patients 
with isolated lung metastases versus those with bone metastases (with or 
without lung metastasis) were 54 and 21 months, respectively (p = 0.04) 
[11]. 

Girelli et al. analyzed if the disease-free interval (DFI) from the end of 
treatment of primary disease and the appearance of metastases could 
have any influence on the prognosis. DFI > 3 years was found to have a 
positive correlation with overall survival (OS). The 5-year overall sur-
vival (OS) for patient with DFI > 3 years was 76.5 months, compared 

with 47.7 for those with DFI < 3 years [12]. A confirmation about the 
importance of DFI was given by Hirvonen et al., who showed that the 
difference in recurrence-free time interval (<5 vs >5 years) had a sig-
nificant impact on the 5-year OS and on disease-specific survival (p <
0.001) [13]. 

In a more recent paper, a nomogram for metastatic ACC has been 
proposed, and it was tested and validated as prognostic tool on a pop-
ulation of 298 patients. Independent prognostic factors that were iden-
tified are gender, DFI and presence of lung, liver or bone metastases 
[14]. 

In a context of generally indolent disease, DFI assumes a critical role 
in the therapeutic choice: a shorter DFI can prompt the clinician to more 
aggressive treatment, rather than patients with a relapse of disease after 
a longer DFI. 

As we lack strong prognostic factors other than what was previously 
identified, we tried to analyze whether prognostic factors identified in 
patients treated with curative intent may confirm their value when 
disease recurs. 

How prognostic factors identified at first diagnosis could also guide 
the prognosis when diseases relapse is a matter of discussion. The hy-
pothesis behind is that tumor behavior could be determined since the 
first appearance of the disease, not only for what concerns the risk of 
progression, but also for the outcome at the time of disease relapse. 

At first diagnosis, radiologically or pathologically identified peri-
neural invasion increases the risk of locoregional recurrence [15]. 
However, the role of the same risk factor in defining the outcome of 
relapsed disease has not been defined; only one study explored this 
parameter with respect to outcome of RM disease without finding any 
significant associations [7]. 

Lymphovascular invasion at first surgical intervention is reported in 
a huge range of cases, varying from 5% to 70% and it is known to carry a 
high risk of relapse and poor prognosis [16]. Again, limited evidence 
exists about its role in determining the outcome of the disease once it 
relapses. 

The role of growth pattern and grading in guiding prognosis in 
locoregionally disease is well acknowledged, with high-grade ACC 
having a significantly lower 5-year DFS. Grading of the disease is based 
on histopathological components, considering tubular, cribriform and 
solid growth pattern, where the solid component characterizes a more 
aggressive disease [3,11,17–21]. 

Van Weert et al. confirmed the prognostic impact of grading of the 
disease and solid growth-pattern on 1-year OS also in the RM setting. 
Interestingly, in multivariate analyses, just the presence of any solid 
growth-pattern of disease has a negative prognostic impact on distant 
metastatic survival [7]. 

In a retrospective multicenter analysis on RM ACC patients, locore-
gional relapse at high risk was defined as any recurrence involving the 
skull base. The only factor associated with OS was skull base recurrence, 
therefore, identifying another possible prognostic factor in this setting 
[8]. 

A recent retrospective monocenter analysis of 125 patients who were 
treated for ACC, showed that 58 patients (46%) developed DM after 
primary treatment. On univariate analyses factors associated with 
shorter OS after appearance of RM disease were lymphovascular inva-
sion, node metastasis, extranodal extension at presentation and regional 
recurrence (p < 0.05). On multivariate analyses, only regional recur-
rence (7.26-fold increase in risk of mortality) and extranodal extension 
at presentation (4.17-fold increase in risk of mortality) remained inde-
pendent factors of OS after disease relapse [22]. 

Having considered all these factors, even with the limited amount of 
available data, one may underline the fact that intrinsic characteristics 
of primary tumor could influence the outcome also after the appearance 
of RM disease. This intriguing observation could suggest to carefully 
evaluate all the clinical factors at initial presentation of disease, and to 
also consider them when facing clinical choices in RM disease. 

However, very limited data exist to corroborate this hypothesis, 
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which, therefore, deserves further studies to be fully elucidated. 
Clinical–pathological factors influencing prognosis in RM ACC are 

presented in Table 1. 

Biomolecular prognostic factors 

Biomolecular prognostic factors represent a crucial issue in ACC, 
both to identify patients that must be treated more intensively in case of 
a dismal prognosis, and to identify new therapeutic targets. 

In locoregional disease, main biomolecular factors that appears to 
have a prognostic impact identified were NOTHC1 mutation [23]; TP53 
mutation [24]; SOX2 amplification [25]; low expression of ATM [26] 
and EGFR mutation [27]. Despite multiple studies, the prognostic 
impact of fusion gene MYB–NFIB (t(6;9)(q22-23;p23-24)) remains un-
clear [28,29]. 

However, we have more limited information about the same mo-
lecular data when transposed to the RM setting. Moreover, data in 
literature show that the mutational pattern of ACC can change between 
primary and RM disease, emphasizing the role of biopsy on recurrence 
for a better selection and development of target therapy based on mo-
lecular alteration [30]. 

Allen et al. analyzed different genetic hallmarks between RM versus 
non-RM ACC. The RM ones were enriched for alterations in NOTCH 
(especially NOTCH1), chromatin-remodeling genes (KDMSA, MLL3 and 
ARID1B) and TERT promoter mutations. 

The NOTCH family (in particular NOTCH1) alterations were found in 
8% of primary ACC and 26% of the metastatic samples studied (18% if 
considering only activating mutations), therefore showing a selective 
pressure for this alteration. Moreover, NOTCH1 mutations confirmed its 
negative prognostic role also when the disease relapse [31,32]. Other 
mutations commonly present in the RM setting and rare in the locore-
gional disease setting were KDM6A (15.2% vs 3.4%, odds ratio: 5.12; p 
= 0.0001), MLL3/KMT2C (14.3% vs 4.0%), ARID1B (14.1% vs 4.0%), 
ARID1A (13.7% vs 2.3%), BCOR (13.3% vs 1.7%), MLL2/KMT2D 
(12.8% vs 4.5%) and CREBBP (11.1% vs 4.5%). In particular, the 
KDM6A mutation showed a worse prognosis compared to patients 
bearing the wild-type gene. 

An interesting issue emerging from this study was that in the RM 
setting, the alterations of MYB/MYBL1 lost any negative prognostic 
impact. A mutual exclusivity of the three main genetic alterations was 
identified in RM ACC (NOTCH, MYB, detected in 22% and TERT, which 
mutated in 10% of cases), with the groups with the MYB wild-type/ 
NOTCH1 mutant and MYB mutant/NOTCH1 mutant carrying the worst 
prognosis [31]. 

A recent retrospective analysis on 72 cases of RM ACC showed that 
the most common molecular derangement was MYB alteration or rear-
rangement, present in 61% of cases, followed by the PI3K pathway 
alteration; only 5% presented with the NOTCH1 mutation. Patients with 
MYB alterations had better prognosis (hazard ratio: 0.23, 95% CI: 
0.06–0.81) compared with other subgroups, followed by patients with a 
disease harboring PI3K alterations and patients with NOTCH1 mutations 

[30]. 
One should also consider the prognostic role of gene expression in 

ACC: according to the work of Frerich et al. the use of RNA-sequencing 
and gene expression could identify a subgroup of ACC patient with poor 
survival (median overall survival less than 30 months from diagnosis) 
with a gene expression signature resembling embryonic stem cells [33]. 

When, how and why treating RM ACC 

The clinical dilemma clinicians face when considering patients with 
RM ACC is represented by the choice of when to start a treatment and 
how to select the best therapeutic weapons. To paraphrase Shakespeare, 
we should ask ourselves “…whether it is nobler an outrageous watchful 
waiting or to take arms against the disease with active therapy”. In fact, 
the first decision to be taken is the best time to start a treatment, from 
one side trying to give patients a beneficial opportunity and, from the 
other, not harming them with too many toxicities. In this regard, it is 
important to consider the variables helping patients and physicians to 
select the most appropriate decision about any treatment choices. The 
Adenoid Cystic Carcinoma Research Foundation suggests a framework 
for treatment consideration, essentially based on the extent and location 
of the tumor and the tumor growth rate [34]. Basically, the site of 
relapse and its global burden may help to decide whether a treatment is 
useful within a short timeframe, due to disease that is or could early 
become symptomatic, as it happens for metastasis close to major bronchi 
or biliary tract or in bone metastasis. In addition, in case of local relapse, 
pain often has a high impact on the patient’s quality of life, therefore 
prompting physicians to suggest an early treatment initiation. It is worth 
mentioning that surgery for locoregional recurrent disease is almost 
always demanding, in view of previous treatment(s), with consequent 
altered anatomy, and possible, multiple pathways of diffusion. Surgical 
treatment may have two main aims: radical excision when R0-R1 margin 
status may be obtained or palliation when macroscopic residual disease 
(R2) is foreseeable: in this last scenario improvement of obstructive 
symptoms and/or pain and/or delay of local progression may be pur-
sued. Surgery with a radical intent is generally contraindicated when 
excision should imply an unacceptable morbidity for the patient or when 
dealing with a concomitant, massive burden of distant metastatic dis-
ease. On the other side, the presence of only lung metastasis, without 
any risks of symptoms in a short time, could suggest a watchful waiting 
strategy. Tumor growth rate is the other parameter to be considered. A 
quick tumor progression, even if in an asymptomatic patient, could 
represent a turning point for choosing to activate treatment in a previ-
ously indolent disease. In this regard, the calculation of the tumor vol-
ume doubling time could be an interesting tool to be developed in RM 
ACC, by analogy with thyroid carcinoma metastatic to the lung, where 
this parameter could help evaluating disease aggressiveness and need of 
starting systemic therapy [35]. 

However, we should be aware of the fact that in most cases of met-
astatic disease, treatment has no ambition of curing the patients and, 
even worse, it has no role in prolonging survival. Gao et al showed in a 
monoinstitutional series of metastatic ACC that the prognosis was 
similar between patients who received treatment for metastasis and 
those who did not [10]. Therefore, in many cases, we should move the 
focus of our therapeutic choice from the question of “how to treat” to 
“why should we treat” RM ACC patients. 

As it is unclear whether systemic treatment or other approaches alter 
the natural history of RM ACC, the primary goal of any therapies should 
be the palliation of disease-related symptoms. 

Treatment 

Traditionally, ACC has been considered as an indolent disease; 
however, it sometimes shows a relentless behavior, which makes the 
identification of patients in need of a treatment or just to be followed-up 
closely challenging. As previously expressed, this is a clinical dilemma 

Table 1 
Clinical–pathological factors influencing prognosis in recurrent/metastatic 
adenoid cystic carcinoma.   

• Distant metastasis  
• Site of distant metastasis (lung vs other)  
• Disease-free interval  
• Gender  
• Lymphovascular invasion*  
• Solid growth-pattern  
• Grading*  
• Nodal metastasis*  
• Presence of extra nodal extension**  

• Skull base recurrence  

* Factors identified just in univariate analysis. 
** At first diagnosis. 
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the physician faces when approaching such a disease. It should be 
however underlined as a general principle that different types of relapse 
should be approached in different ways: locoregional relapse alone 
needs a more aggressive radiotherapeutic or surgical treatment 
approach than oligometastatic lung disease. Surgery or radiotherapy 
may be part of the treatment of locoregional relapses. Similarly, wide-
spread metastatic ACC requires systemic treatment, while limited bone 
involvement would need radiation therapy alone 

Literature data about treatment of RM ACC are scant and often 
lacking homogeneous and precise selection criteria. In some series, 
locoregional recurrent disease has been included in the same group of 
metastatic patients; moreover, progression in the last months has not 
been always considered as a parameter to include patients in trials with 
systemic therapy, therefore leading to enrolment of patients with het-
erogeneous prognosis. In addition, due to the rarity of the disease even 
more in the relapsed setting, clinical studies enrolled a limited number 
of patients [36]. Again, as previously expressed, the key question is 
whether any treatments could impact on the natural history of RM ACC. 
Recently, Hanna et al. showed, in a longitudinal series of 72 RM ACC, no 
influence on outcome of the systemic or locoregional treatments 
applied, as patients who received at least one systemic treatment had no 
improved prognosis compared with those who were only on surveillance 
(hazard ratio: 2.01; p = 0.35) [37]. In addition, they showed that pa-
tients treated with systemic treatments according to their molecular 
profile did not perform better than patients treated with other systemic 
treatments. Hereafter, we will analyze different therapeutic approaches 
available and the possible role of new systemic treatments within 
ongoing clinical trials. 

In Fig. 1 we propose a treatment flow chart for RM ACC, based on site 
of recurrence or metastases, tumor burden and presence of symptoms. 

Surgery on distant metastasis 

The role of metastasectomy remains controversial. There are limited 
data about surgical excision of metastases in ACC and mainly when the 
disease is confined to the lung. Recently, a retrospective study 

investigated the role of metastasectomy in patients with pulmonary 
disease, and showed that along a time period longer than 20 years, the 
two factors associated with better prognosis were a DFI > 3 years and no 
residual disease after metastasectomy [12]. Neither solid data are 
available for other locoregional procedures in case of lung metastasis, 
nor other treatments have been clearly studied for metastatic ACC in 
other sites; indeed isolated case reports exist for localized treatment, 
such as embolization or radiofrequency in case of liver metastasis [38]. 

Radiotherapy on recurrence or distant metastases 

Local recurrence 

Radiotherapy is often indicated after surgery for local or nodal 
recurrence, especially if recurrence is multiple and multicentric, if nodal 
involvement with extra-capsular spread is evident, if perineural spread 
till skull base is present and/or if surgery is not indicated due to patient’s 
frailty or to possible surgical morbidities. Post-operative radiotherapy 
reduces the rate of local recurrence in primary disease approach; even if 
we lack data in RM disease, its use may therefore also be suggested at 
recurrence [39,40]. Radiotherapy alone has proved to be an effective 
alternative when surgery is not feasible as primary treatment and has 
been suggested also to treat recurrent ACC with “curative” intent; re- 
treatments are also feasible with both photons and proton beams [41]. 

Heavy-particle radiotherapy (eg. carbon ions, protons) can be useful, 
in selected cases, in reducing dose to organs-at-risk (OAR) while main-
taining it to the target [42]. 

Its limitations are, however, similar to photon radiotherapy (OAR’s 
dose in already treated fields) and further it is evident the difficulty to 
use heavy particles in adjuvant setting. 

Distant metastases 

As for surgery, the role of local treatments on single metastasis or 
oligo-metastatic disease may be discussed. However, no specific data 
exist on metastatic ACC. Data from randomized and non-randomized 

Fig. 1. Flow chart for management of RM ACC. Notes: Choice of treatment should be tailored according to previous therapies received; consider also DFI to choose 
the most appropriate treatment/follow up. * Surgery; SBRT; chemoembolization; radiofrequency ablation. Legend: LR (locoregional recurrence); DM (distant 
metastasis recurrence); SBRT (Stereotactic Body Radiation Therapy); LRT (Locoregional treatment); ST (Systemic Treatment); CFU (Close Follow Up). 
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trials on different histologic types can be extrapolated in this setting of 
patients, employing different photon radiotherapy techniques to pre-
cisely deliver very high doses on the site of disease while completely 
sparing the nearest OAR [43,44]. 

Data in literature pointed on head and neck cancer in general, even if 
not on ACC salivary gland in particular, are confirming the possible 
benefit in terms of disease control and the safety of this therapeutic 
option [45,46]. 

Anyway, any procedure of metastasectomy or locoregional treat-
ments should be considered only after having carefully considered the 
growth rate of the disease, if there are symptoms requiring palliation, 
what the expected results of the procedure(s) are, how residual organ 
function can be affected and whether there are reasonable opportunities 
to impact on the spread of the disease. 

The objectives of any ablative local treatments should thereby be the 
possibility to lower the pace of disease, the delay in starting any systemic 
treatment and the palliation of symptoms, if necessary. 

Systemic therapies 

Chemotherapy 

Systemic chemotherapy for RM ACC patients remains a challenge, as 
the slow-growing characteristics of the disease make it, on average, 
poorly responsive to these agents. Therefore, it is generally well- 
accepted that standard chemotherapy is reserved for patients with 
symptomatic metastases or rapidly growing disease [47]. No random-
ized trial has been conducted in this setting of disease and data are 
extrapolated from studies, including multiple histological subtypes of 
salivary gland cancers. Globally, studies confirmed that a two-drug 
polychemotherapy with platinum plus anthracycline gives better 
response rate compared with monotherapy (25% vs 15%); a three-drug 
regimen (e.g. CAP scheme with cisplatin, doxorubicin and cyclophos-
phamide) has never proven to be more active and efficacious than a two- 
drug combination [48–50]. 

The most common response to treatment is stable disease, as it can be 
reasonably expected from a disease with a low tumor proliferative index. 
After the failure of the first-line chemotherapy, there are no viable al-
ternatives as second-line chemotherapy [36]. Taking all this into ac-
count, chemotherapy should be reserved to symptomatic patients or in 
case of fast-growing disease, as studies conducted on a non-selected RM 
ACC population of patients were not able to identify an improvement in 
OS with this approach [51]. Further research is needed focused on the 
identification of the subgroup of patients with a more aggressive disease, 
who could theoretically benefit from a systemic chemotherapy. 

Targeted therapies 

Several trials have evaluated the use of targeted agents acting on 
different pathways in the carcinogenetic process of ACC or leveraging on 
the molecular alterations shown in preclinical studies. In this regard, we 
should acknowledge the low mutational burden of ACC and, till now, the 
lack of a targetable driver mutation, which could change the natural 
history of disease. Overall, targeting Epidermal Growth Factor Receptor 
(EGFR), cKIT, proteasome, Fibroblast Gowth Factor Receptor (FGFR) 
and Protein Kinease B (AKT) pathway with single agents was not able to 
produce a dramatic response rate and survival benefits. In this regard, 
several drugs have been tested mainly within the framework of small 
phase II trials, aimed at verifying the activity of specific compounds in 
ACC. Cetuximab [52], imatinib [53], bortezomib [54], nelfinavir [55], 
dovitinib [47,56] and dasatinib [57] as single agents showed limited 
response, if any, and to a larger extent stabilization of disease. 

Combination therapies with chemotherapy and imatinib or borte-
zomib have been explored, without showing synergistic effects [54,58]. 

There is a quite strong rationale to employ agents acting on neo-
vascularization in ACC. In fact, an association between Vascular 

Endothelial Growth Factor (VEGF) expression and worse survival has 
been shown [59]; moreover, mutation of NOTCH1 showed to induce 
neoangiogenesis and high microvessel density, as mechanism of tumor 
growth and metastatization [60]. Several agents acting on this pathway 
have been tested. 

Sorafenib was studied in two phase II trials in 19 and 23 RM ACC 
patients: overall, median progression-free survival (PFS) of 8.9 and 11.3 
months and a median OS of 26.4 and 19.6 months were reported, 
respectively. Therapy was aggravated by grade 3 or greater side effects 
in 20% and 50% of patients, respectively. The response rate was similar, 
15% and responders showed an enriched stromal component of Platelet- 
Derived Growth Factor (PDGFR)β [61,62]. 

Axitinib, a second-generation antiangiogenic drug, was tested on 
ACC patients with a response rate of 10%, without significant advantage 
in OS compared to historical data with chemotherapy [63]. Recently, 
the results of the first randomized trial with an antiangiogenic drug in 
ACC have been reported [64]. The trial randomized patients with dis-
ease progression within the last 9 months to axitinib 10 mg or obser-
vation, with the possibility to crossover to axitinib at progression. The 6- 
month PFS rate was 73% in treatment vs 23% in control arm, while no 
difference on OS appeared, due to the crossover effect; mutation burden 
or any specific mutation were not correlated neither to response nor to 
PFS. 

Lenvatinib, an oral multitarget tyrosine kinase inhibitor, with a 
significant inhibition of VEGFR, c-KIT, FGFR and RET has been recently 
tested on ACC in two phase II studies [65,66]. The rational of targeting 
these multiple pathways relies on the upregulation induced by MYB of 
several downstream genes, including VEGFA, FGF2 and KIT, compared 
to physiological glandular tissue [55]. The results of the first trial 
showed 75% of patients achieving disease stabilization and 15% a par-
tial response, with a median PFS of 17.5 months; genomic profiling did 
not show any predictive activities [65]. Toxicity of the treatment should 
be considered, as 62.5% of the patients experienced at least one grade 
3–4 adverse events and one out of four patients withdrew consent from 
the study before progression for drug-related issues. An Italian group 
reported the results of another phase II clinical trial with lenvatinib in 
the same setting of patients. A partial response was identified in 11.5% 
of the patients and 77% had stable disease, with a median PFS of 9 
months; grade 3 adverse events were reported in approximately 50% of 
patients and quality of life at 6 months showed deterioration mainly in 
the domains of fatigue and dry mouth [66]. 

Overall, these observations seem to indicate a role of anti-
angiogenetic drugs in RM ACC in disease control, which should be 
carefully balanced against the toxicity of these drugs, the impact on 
quality of life and the limited response rate. 

The results of a phase II trial with cabozantinib in 25 patients with c- 
MET-positive RM salivary gland cancer, comprising ACC, has been 
recently reported, with a response rate of 6% in ACC patients, PFS of 
12.6 months with severe toxicity. Because of this toxicity (32% of pa-
tient developed severe wound or fistula) the study has been prematurely 
closed [67]. 

The low burden of mutation in ACC, both in oncogenes and tumor- 
suppressor genes, underlines the fact that other mechanisms may be 
implicated in carcinogenesis. A few recurring mutations have been re-
ported in genes involved in chromatin remodeling regulations, and 
changes in chromatin structure have been implicated in ACC [31,68]. 
These epigenetic changes could pave the way for treatment with drugs 
acting on this mechanism. The histone deacetylase (HDAC) inhibitor 
vorinostat has been employed as single agent in a prospective trial, 
showing a limited response rate (7%) and a 6-month rate of disease 
stabilization of 75% [69]. However, HDAC inhibitors could exert a 
synergistic effect when employed in combination therapy. In this regard, 
use of vorinostat and cisplatin in preclinical models showed an enhanced 
activity, depleting cancer stem cells and reducing tumor viability [70]. 
In addition, the association of HDAC and immune checkpoint inhibitors 
is justified by the ability of the former to upregulate PD-1 expression. 
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Notwithstanding these premises, in a phase II study pembrolizumab and 
vorinostat showed limited activity, as only one partial response out of 
12-treated patients was obtained [71]. 

Given the relatively high frequency of the translocation MYB–NFIB 
in ACC, targeted drugs against pathways activated by MYB have a strong 
rationale. Some signs of activity have been demonstrated with 9% of 
partial response, 76% stable disease and a median PFS of 5.7 months, 
with a trend toward superior PFS without statistical significance in pa-
tients with MYB/NFIB rearrangement treated with axitinib [72]. A study 
is currently ongoing evaluating a potential association between immu-
notherapy (anti-PD-1) and MYB DNA vaccines in various diseases, 
including ACC (NCT03287427). 

Another therapeutic target in MYB translocation-positive ACC could 
be the IGF2-IGF1R signaling, but the promising results obtained with the 
use of IGFR1 inhibitors in vitro have not been confirmed in vivo, yet [73]. 

RM ACC is enriched for alterations in genes of the NOTCH family and 
these aberrations are associated with a worse prognosis and more 
aggressive disease [31,32,74,75]. Therefore, several trials have been 
designed to address this pathway in ACC. 

A phase I study of crenigacestat (NOTCH inhibitor) showed a 
manageable safety profile, pharmacodynamic effect but no objective 
response [76]. Another oral NOTCH inhibitor (CB-103) is under study in 
a phase IIa study (NCT03422679). 

Brontictuzumab is a humanized monoclonal antibody directed 
against NOTCH-1 receptor with potential antineoplastic activity; it has 
been tested in a phase I study with evidence of partial response in two 
out of 12 RM ACC patient and disease stabilization in three out of 12 
cases [77]. The ACCURACY trial is evaluating AL101 in RM NOTCH- 
mutated ACC (NCT03691207). Recently, data of the first treatment 
cohort have been presented, showing diarrhea, nausea, and fatigue as 
main toxicities, even if of low grade; one patient died due to pneumonia, 
possibly treatment related. Partial response was identified in 15% of the 
cases [78]. 

ACC may be included in basket studies targeting specific mutations 
that may be noticed. In this regard, PARP inhibitors as talazoparib are 
being studied in various tumors, including ACC with BRCA mutation 
(NCT01989546, study completed, awaiting for results); a review on 
genetic hallmarks of ACC recurrence metastatic showed a 4% of germ-
line mutation of BRCA1 or BRCA2 in ACC cases [31]. Role of PARP in-
hibitors in MYB alterated ACC could be reinforced by the trial of 
Andersson et al which showed that DNA damage sensor kinase ATR 
resulted overexpressed in MYB alteraed ACC and could be a potential 
therapeutic target. Moreover, ATR inhibition is a known mechanism to 
overcome PARP inhibitor resistance in other histologies [79]: ATR in-
hibitor in association with PARP inhibitor could be a potential thera-
peutic target for MYB altered RM ACC [80]. 

Lastly, an in vitro study hypothesized a possible role of association of 

CDK inhibitor dinaciclib with chemotherapy to improve anti tumoral 
effect and minimize side effect [81]. 

Immunotherapy 

Immunotherapy is becoming more and more important in the 
oncological panorama. Molecular and histological characteristics sug-
gest a low immunogenicity of ACC, having a low tumoral mutational 
burden, low tumor-infiltrating lymphocytes, low dendritic cells and low 
levels of PD-1+ and CTLA4+ cells [82–85]. Preliminary data from 
pembrolizumab in RM ACC in the KEYNOTE028 study showed a 6- 
month OS of 76% and a 6-month PFS of 17%. At a follow-up of 20 
months, the response rate was 12% with three patients achieving partial 
response; there were no complete responses. Median duration of 
response was 4 months; treatment-related adverse events occurred in 
85% of patients, resulting in discontinuation in two patients and death 
in one for interstitial lung disease [85]. 

Similarly, nivolumab in a multicenter phase II trial reached a 
response rate of 8.7% and a median PFS of 4.9 months [86]. 

Combination of nivolumab and ipilimumab was not able to increase 
the response of ACC to immunotherapy, as only two patients out of 32 
achieved a partial response within a phase II trial [87]. 

Recently, a phase 2 prospective clinical trial showed that combina-
tion of immunotherapy with hypofractionated radiation therapy for 
progressive, metastatic ACC didn’t increase response rate, overall sur-
vival and progression free survival compared with immunotherapy 
alone [88]. 

Ongoing trials with chemotherapy, targeted agents, immunotherapy 
and other agents or with combinations are presented in Table 2. 

Conclusion 

Due to its rarity and indolent behavior, there are not consensus 
guidelines for the treatment of RM ACC. Thanks to biomolecular and 
translational research, new targets for therapy have been identified. 
MYB, NOTCH1 and epigenetic pathways are the most appealing targets 
on which research is focusing, while not impressive results have been till 
now obtained with drugs acting on other pathways (e.g. EGFR, FGR, C- 
KIT and HDAC). The role of immunotherapy is under investigation, even 
if preliminary results confirmed the low immunogenicity of this disease. 

Multicenter cooperation to study genomic pathways involved in ACC 
and to carry out clinical trials is essential in such a rare cancer. 
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Table 2 
Ongoing clinical trials open to patients with recurrent/metastatic adenoid cystic carcinoma.  

Study Drug Setting/phase study Primary endpoint Estimated enrollment (number 
of patients) 

Study completion 
date 

NCT03287427 TetMYB vaccine + BGB-A317 
(anti-PD-1) 

Advanced/metastatic colorectal disease or 
ACC, phase I 

Safety 32 30/12/22 

NCT03691207 AL101 RM ACC with NOTCH1/2/3/4 mutation, 
phase II 

ORR, CR, PR 87 01/06/21 

NCT03172624 Nivolumab + Ipilimumab RM SGC including ACC, phase II Best overall 
response rate 

64 31/05/21 

NCT04209660 Lenvatinib + pembrolizumab RM ACC or other SGC, phase II Best overall 
response rate 

64 31/12/22 

NCT03360890 Docetaxel + pembrolizumab Poorly chemo-responsive thyroid and salivary 
gland tumors, phase II 

RR 46 30/09/20 

NCT03990571 Axitinib + avelumab RM ACC, phase II ORR 30 30/12/22 
NCT04119453 Rivoceranib (apatinib) RM ACC, phase II ORR 72 01/02/24 
NCT04291300 Lutetium-177-PSMA RM ACC and SGC, phase II Safety 10 01/05/24 

ACC: Adenoid cystic carcinoma; CR: Complete response; ORR: Objective response rate; PR: Partial response; RM: Recurrent/metastatic; RR: Response rate; SGC: 
Salivary gland cancer. 
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et al. Clinical prognostic factors of salivary adenoid cystic carcinoma: A single- 
center analysis of 61 patients. J Cranio-Maxillofac Surg 2017;45(11):1784–7. 
https://doi.org/10.1016/j.jcms.2017.08.004. 

[10] Gao M, Hao Y, Huang MX, Ma DQ, Luo HY, Gao Y, et al. Clinicopathological study 
of distant metastases of salivary adenoid cystic carcinoma. Int J Oral Maxillofac 
Surg 2013;42(8):923–8. https://doi.org/10.1016/j.ijom.2013.04.006. 

[11] Sung M-W, Kim KH, Kim J-W, Min Y-G, Seong W-J, Roh J-L, et al. 
Clinicopathologic predictors and impact of distant metastasis from adenoid cystic 
carcinoma of the head and neck. Arch Otolaryngol Neck Surg 2003;129(11):1193. 
https://doi.org/10.1001/archotol.129.11.1193. 

[12] Girelli L, Locati L, Galeone C, Scanagatta P, Duranti L, Licitra L, et al. Lung 
metastasectomy in adenoid cystic cancer: Is it worth it? Oral Oncol 2017;65:114–8. 
https://doi.org/10.1016/j.oraloncology.2016.10.018. 
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[48] Licitra L, Marchini S, Spinazzè S, et al. Cisplatin in advanced salivary gland 
carcinoma. A phase II study of 25 patients. Cancer. 1991;68(9):1874-1877. https:// 
doi.org/10.1002/1097-0142(19911101)68:9<1874::AID-CNCR2820680904>3.0. 
CO;2-S. 

[49] Airoldi M, Pedani F, Succo G, Gabriele AM, Ragona R, Marchionatti S, et al. Phase 
II randomized trial comparing vinorelbine versus vinorelbine plus cisplatin in 
patients with recurrent salivary gland malignancies. 2002;91(3):541-7. https:// 
doi.org/10.1002/1097-0142(20010201)91:3<541::AID-CNCR1032>3.0.CO;2-Y. 

[50] Licitra L, Cavina R, Grandi C, Di Palma S, Guzzo M, Demicheli R, et al. Cisplatin, 
doxorubicin and cyclophosphamide in advanced salivary gland carcinoma. Ann 
Oncol 1996;7(6):640–2. https://doi.org/10.1093/oxfordjournals.annonc.a010684. 

[51] Wang X, Luo Y, Li M, Yan H, Sun M, Fan T. Management of salivary gland 
carcinomas - a review. Oncotarget 2017;8(3):3946–56. https://doi.org/10.186 
32/oncotarget.13952. 

[52] Locati LD, Bossi P, Perrone F, Potepan P, Crippa F, Mariani L, et al. Cetuximab in 
recurrent and/or metastatic salivary gland carcinomas: A phase II study. Oral 
Oncol 2009;45(7):574–8. https://doi.org/10.1016/j.oraloncology.2008.07.010. 

[53] Pfeffer MR, Talmi Y, Catane R, Symon Z, Yosepovitch A, Levitt M. A phase II study 
of Imatinib for advanced adenoid cystic carcinoma of head and neck salivary 
glands. Oral Oncol 2007;43(1):33–6. https://doi.org/10.1016/j. 
oraloncology.2005.12.026. 

[54] Argiris A, Ghebremichael M, Burtness B, Axelrod RS, Deconti RC, Forastiere AA. 
A phase 2 trial of bortezomib followed by the addition of doxorubicin at 
progression in patients with recurrent or metastatic adenoid cystic carcinoma of 
the head and neck: A trial of the eastern cooperative oncology group (E1303). 
Cancer 2011;117(15):3374–82. https://doi.org/10.1002/cncr.25852. 

[55] Hoover AC, Milhem MM, Anderson CM, Sun W, Smith BJ, Hoffman HT, et al. 
Efficacy of nelfinavir as monotherapy in refractory adenoid cystic carcinoma: 
Results of a phase II clinical trial: Nelfinavir monotherapy in refractory adenoid 
cystic carcinoma. Head Neck 2015;37(5):722–6. https://doi.org/10.1002/ 
hed.23664. 

[56] Keam B, Kim S-B, Shin SH, Cho BC, Lee K-W, Kim MK, et al. Phase 2 study of 
dovitinib in patients with metastatic or unresectable adenoid cystic carcinoma: 
Dovitinib in adenoid cystic carcinoma. Cancer 2015;121(15):2612–7. https://doi. 
org/10.1002/cncr.29401. 

[57] Wong SJ, Karrison T, Hayes DN, Kies MS, Cullen KJ, Tanvetyanon T, et al. Phase II 
trial of dasatinib for recurrent or metastatic c-KIT expressing adenoid cystic 
carcinoma and for nonadenoid cystic malignant salivary tumors. Ann Oncol 2016; 
27(2):318–23. https://doi.org/10.1093/annonc/mdv537. 

[58] Ghosal N, Mais K, Shenjere P, Julyan P, Hastings D, Ward T, et al. Phase II study of 
cisplatin and imatinib in advanced salivary adenoid cystic carcinoma. Br J Oral 
Maxillofac Surg 2011;49(7):510–5. https://doi.org/10.1016/j.bjoms.2010.09.013. 

[59] Lim JJ, Kang S, Lee MR, Pai HK, Yoon HJ, Lee JI, et al. Expression of vascular 
endothelial growth factor in salivary gland carcinomas and its relation to p53, Ki- 
67 and prognosis. J Oral Pathol Med 2003;32(9):552–61. https://doi.org/10.1034/ 
j.1600-0714.2003.00073.x-i1. 

[60] Siekmann AF, Lawson ND. Notch signalling and the regulation of angiogenesis. Cell 
Adhes Migr 2007;1(2):104–5. https://doi.org/10.4161/cam.1.2.4488. 

[61] Locati LD, Perrone F, Cortelazzi B, Bergamini C, Bossi P, Civelli E, et al. A phase II 
study of sorafenib in recurrent and/or metastatic salivary gland carcinomas: 
Translational analyses and clinical impact. Eur J Cancer 2016;69:158–65. https:// 
doi.org/10.1016/j.ejca.2016.09.022. 

[62] Thomson DJ, Silva P, Denton K, Bonington S, Mak SK, Swindell R, et al. Phase II 
trial of sorafenib in advanced salivary adenoid cystic carcinoma of the head and 
neck: Phase II trial of sorafenib in advanced adenoid cystic carcinoma. Head Neck 
2015;37(2):182–7. https://doi.org/10.1002/hed.23577. 

[63] Locati LD, Cavalieri S, Bergamini C, Resteghini C, Alfieri S, Calareso G, et al. Phase 
II trial with axitinib in recurrent and/or metastatic salivary gland cancers of the 
upper aerodigestive tract. Head Neck 2019;41(10):3670–6. https://doi.org/ 
10.1002/hed.25891. 

[64] Keam B, Kang EJ, Ahn M-J, Ock C-Y, Lee KW, Kwon JH, et al. Randomized phase II 
study of axitinib versus observation in patients with recurred or metastatic adenoid 
cystic carcinoma. J Clin Oncol. 2020;38(15_suppl):6503-6503. 

[65] Tchekmedyian V, Sherman EJ, Dunn L, Tran C, Baxi S, Katabi N, et al. Phase II 
Study of Lenvatinib in Patients With Progressive, Recurrent or Metastatic Adenoid 
Cystic Carcinoma. J Clin Oncol. 2019 Jun 20;37(18):1529–37. https://doi.org/ 
10.1200/JCO.18.01859. 

[66] Locati LD, Galbiati D, Calareso G, Alfieri S, Singer S, Cavalieri S, et al. Patients with 
adenoid cystic carcinomas of the salivary glands treated with lenvatinib: Activity 
and quality of life. Cancer 2020 May;126(9):1888–94. https://doi.org/10.1002/ 
cncr.32754. 

[67] van Boxtel W, Uijen M, Driessen C, Pegge S, Willems SM, Jonker M, et al. A phase II 
study on the efficacy and toxicity of cabozantinib in recurrent/metastatic salivary 
gland cancer patients. J Clin Oncol. 2020;38(15_suppl):6529-6529. https://doi. 
org/10.1200/JCO.2020.38.15_suppl.6529. 

[68] Frierson HF, Moskaluk CA. Mutation signature of adenoid cystic carcinoma: 
evidence for transcriptional and epigenetic reprogramming. J Clin Invest 2013;123 
(7):2783–5. https://doi.org/10.1172/JCI69070. 

[69] Goncalves PH, Heilbrun LK, Barrett MT, Kummar S, Hansen AR, Siu LL, et al. 
A phase 2 study of vorinostat in locally advanced, recurrent, or metastatic adenoid 
cystic carcinoma. Oncotarget 2017;8(20):32918–29. https://doi.org/10.186 
32/oncotarget.16464. 
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