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A B S T R A C T   

Adenoid cystic carcinoma (ACC) has a significant patient-population in need of effective systemic therapy, as no 
drug is currently approved by the FDA for its management. We critically reviewed ACC-clinical trials (CT) 
registered on the ClinicalTrials.gov website using “ACC” under condition or disease. Trials specifically designed 
to test a drug-based therapy for ACC (n = 33) were analyzed with most being one-arm phase II trials enrolling 
advanced, recurrent/metastatic, incurable ACC cases. Site restriction, maximum ECOG status, and period of 
disease progression varied as inclusion criteria. Small-molecule inhibitors were those most commonly investi-
gated with Apatinib, Axitinib and Lenvatinib showing the best results in association with rigid enrollment 
criteria. The overall median time to progression remains modest and more efforts are urgently needed in this 
field. CTs designed to test drugs that act on key pathways associated with ACC aggressiveness are being con-
ducted and represent a promising pathway if efficacy is proved.   

1. Introduction 

“Of all tumors in the head and neck region, the adenoid cystic car-
cinoma is one of the most biologically deceptive and frustrating in 
management. This is the opening statement of the classic Conley and 
Dingman report on the treatment of adenoid cystic carcinoma (ACC) 
(Conley and Dingman, 1974). Almost 75 years later, this feeling of 
frustration persists when managing advanced and metastatic cases as, to 
date, no significantly effective systemic therapy for ACC has been 
discovered. The current American Society of Clinical Oncology (ASCO) 
guidelines suggest that systemic therapy for ACC (and other salivary 
gland cancers) should not be offered outside of clinical trials (CT) due to 
the lack of robust evidence to support efficacy (Geiger et al., 2021). 

ACC is one of the most common salivary gland cancers, but repre-
sents a rare cancer in the general population, with an incidence rate of 
0.35 per 100,000 in the United States (US) (Boyle et al., 2020). This 
malignancy is acknowledged as “a slow killer” due to its tendency for 
late recurrences or metastasis and disease-related deaths occurring up to 

30 years after the initial diagnosis (Andreasen, 2018). As a result, the 
5-year survival rate of ACC underestimates its aggressiveness. For 
example, a study comprising 201 cases of ACC with long-term follow-up 
analysis showed that the 5-, 10- and 15-year survival rates were 90%, 
75% and 68%, respectively (Bjørndal et al., 2015). Local recurrence can 
be difficult to treat because the site will already have been subjected to 
prior surgical intervention, often with associated radiotherapy (RT), 
which can negatively affect the tissue healing capacity. According to 
ASCO guidelines, postoperative RT should be offered to all patients with 
ACC who have undergone surgical resection due to the late-aggressive 
nature of the tumor (Geiger et al., 2021). Distant metastasis is diag-
nosed in around 55% of patients, representing a recurrent challenge in 
ACC management (van der Wal et al., 2002). The lungs are the most 
common site, but other sites include the liver, bones, and brain (Bjørndal 
et al., 2015). 

Effective systemic therapies for ACC are urgently needed, yet no drug 
is currently fully approved by the FDA for ACC treatment. The process of 
drug discovery is laborious but for rare cancers, such as ACC, the 
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challenge is even higher. The aim of this paper was to determine the 
current status of the search for new systemic therapies by reviewing 
registered clinical trials. 

2. Methods 

2.1. Guideline 

The PRISMA guideline for scoping reviews (PRISMA-ScR) was fol-
lowed (Supplementary Table 1). 

2.2. Search strategy 

A manual search on the ClinicalTrials.gov website using “Adenoid 
Cystic Carcinoma” under condition or disease was undertaken in July 
2022 and only interventional studies (clinical trials) were included. No 
restriction was made for status, eligibility criteria, study results, study 
phase, funder type or study documents. 124 clinical trials were identi-
fied (Supplementary Table 2). 

2.3. Study selection 

After an initial analysis, trials that did not evaluate a drug-based 
therapy were excluded (analysis of side effects of treatment, diag-
nostic methods, surgical interventions, or RT approaches). Drug-based 
trials that included ACC among the diagnoses eligible for entering the 
study, but where outcomes were evaluated alongside other tumors, were 
also excluded from analysis. While some trials had a biological rationale 
behind the decision to include ACC, such as MYB-driven tumors (n = 1) 
or radioresistant tumors (n = 1), most of the studies that included ACC 
aimed to evaluate interventions on salivary gland cancer (n = 15), head 
and neck cancer (n = 9), solid malignancies (n = 23) or rare tumors (n =
2) (Supplementary Table 2). In other trials the decision to include ACC 
was based on disease site (e.g., sinonasal tumors, n = 2) or stage, such as 
advanced/metastatic/recurrent cases (n = 5), and not the diagnosis per 
se. Considering the important differences between ACC tumorigenesis 
and that of other head and neck tumors (including other salivary gland 
cancers) and other solid tumors, we decided not to further investigate 
these broader trials. Moreover, the number of ACC patients in the 
broader trials was very low meaning that the trial results are not easy to 
transpose to all ACC patients. 

2.4. Data collection 

Data associated with eligibility criteria (disease status, site, age, 
ECOG status and evidence of disease progression), CT status (completed, 
recruiting, active but not recruiting, not yet recruiting or unknown 
status), centers enrolling patients and drug being tested were extracted 
from the ClinicalTrials.gov database. Methodological data (CT phase, 
sample size) and outcomes (primary endpoint, complete response (CR), 
partial response (PR), and stable disease (SD) rates and progression free 
survival (PFS) time were extracted from the following hierarchical 
order: 1- full journal manuscript; 2- conference proceedings; 3 - Clin-
icalTrials.gov database. The drugs being tested were also investigated 
with regard to class, FDA approval status, molecular target and adverse 
effects. The PFS time (in months) and confidence interval (CI) were 
retrieved and analyzed using GraphPad Prism (version 8.4.3 for macOS, 
GraphPad Software, San Diego, California, USA). A graph was con-
structed to compare the PFS time and confidence intervals of the 
different trials: y axis refers to the drugs tested and x axis represents PFS 
time in months. The bars represent lower and upper limits of confidence 
interval and the symbol the median PFS time. 

3. Results and discussion 

3.1. General characteristics of clinical trials 

Thirty-three trials evaluating systemic therapy for ACC were 
analyzed (Supplementary Table 3). According to the ClinicalTrial.gov 
website, 17 were “completed”, 5 “recruiting”, 5 “active but not 
recruiting”, 1 “not yet recruiting” and 5 of “unknown status”. Fifteen 
trials were being conducted in the US only and a further 3 in the US and 
other countries. These findings, however, need to be interpreted with 
caution as ClinicalTrials.gov is a resource provided by the US National 
Library of Medicine (NLM), and despite being open for the registration 
of research studies being conducted around the world, a greater repre-
sentation of American trials would be expected. Interestingly, and 
reinforcing this hypothesis, we identified published results of ACC- 
related CT conducted in countries such as the UK (Thomson et al., 
2015) and Israel (Pfeffer et al., 2007) that were not originally found in 
our search. 

In 12 of the trials (36.3%) reviewed patients were enrolled by more 
than one oncology center; range 2–51 centers. Collaborative networking 
is crucial to the success of clinical trials for rare cancers, as achieving a 
sample size that will allow statistical analysis can represent a significant 
challenge (Casali et al., 2015) and multicentre clinical trials (MCCT) 
have increased external validity as the subjects included are more het-
erogeneous. Furthermore, MCCT are led by experts with different 
backgrounds and their joint efforts, along with diverse experiences, 
strengthen the trial design and conclusions. Despite all these advan-
tages, it is important to highlight that planning a MCCT can be more 
demanding as coordinating the tasks among the multiple centers and 
getting funding represent important challenges (Chung et al., 2010). 

3.2. Types of drugs evaluated 

The drugs investigated varied with most being evaluated by only one 
CT. A few, however, were investigated in more than one trial, including 
Apatinib (US and China), Dovitinib (Canada, US and Korea), Lenvatinib 
(US and Italy), Axitinib (China and US) and Tretinoin/ATRA (US and 
China). Small-molecule inhibitors (Apatinib, Dovitinib, Imatinib, Len-
vatinib, Regorafenib and Axitinib) were more commonly investigated 
than monoclonal antibodies (mAbs) (Pembrolizumab, Brontictuzumab, 
Cetuximab, and Avelumab). There are important differences between 
these classes of drug, such as molecular weight, half-life, method of 
administration, degradation and individual variability, resulting in 
different pharmacokinetic properties (Imai and Takaoka, 2006). 
Small-molecule inhibitors have a smaller molecular weight than mAbs, 
allowing them to pass through the cell membrane and further penetrate 
solid tumors (Imai and Takaoka, 2006). The literature lacks a deeper 
discussion about which class of drug might be more suitable for salivary 
gland cancers, including ACC. As solid tumors, it might be presumed 
that the increased penetration by small-molecule inhibitors would sug-
gest effectiveness in the treatment of salivary gland cancers. Interest-
ingly, the two drugs which currently have full FDA approval for the 
treatment of secretory salivary gland carcinoma, for example, are 
small-molecule inhibitors: Larotrectinib (Hong et al., 2020) and 
Entrectinib (Doebele et al., 2020) These treatments were approved in 
2018 and 2019, respectively, for cases with NTRK rearrangement. 
However, ASCO guidelines have endorsed mAbs for the systemic ther-
apy of some salivary gland cancers, for example, that of HER2-positive 
salivary gland carcinoma, the most common salivary duct carcinoma, 
by mAbs such as trastuzumab, pertuzumab or adotrastuzumab (Geiger 
et al., 2021). The key to success appears to rely more on deregulated 
molecular pathways and drugs that can effectively interact with this, 
than the class of drug. 

Only two of the mAbs tested in the ACC-related CT are considered 
immunotherapeutic agents: Pembrolizumab (PD-1 inhibitor) and Ave-
lumab (PD-L1 inhibitor), demonstrating that this type of therapy is not 
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commonly assessed in ACC. Basic research has suggested that ACC is 
characterized by an immuno-depleted microenvironment alongside a 
low somatic tumor mutational burden (TMB), in comparison to other 
salivary gland cancers (Linxweiler et al., 2020). TMB and immune cell 
infiltration are considered complementary measures that can predict the 
response to immune checkpoint inhibitors blocking PD-1/PD-L1, and 
the profile observed in ACC suggests that PD-1/PD-L1 are not the best 
targets for future CT (Linxweiler et al., 2020), at least as monotherapy. 
The preliminary results of a US clinical trial evaluating Avelumab in 
association with Apatinib were recently presented at the 2022 ASCO 
Meeting (Ferrarotto et al., 2022a). The study reached its primary 
endpoint with 5 objective responses out of 28 evaluable patients 
(17.9%) and the median progression free survival, of 7.2 months, was 
satisfactory considering the usual time to progression without inter-
vention (Ferrarotto et al., 2022a). 

3.3. Clinical trials with published results 

Of the 33 trials reviewed, results from only 9 (27%) were deposited 
in the ClinicalTrials.gov database (8 completed and 1 active, not 
recruiting). We performed a literature search using the trial reference 
numbers and identified a further 14 registered CT (42.4%) with full or 
preliminary results published in journal articles or conference pro-
ceedings. Detailed information on the outcomes of all 23 trials (Table 1) 
will be discussed from this point. Twenty-two (95%) were phase II trials 
and one did not report the phase status but was designed to evaluate 
disease progression after therapy, and so could be considered a phase II 
trial. Most trials (21/23–91%) were single arm trials and only two had 
comparison groups: pembrolizumab associated or not with radiotherapy 
in one study (Mahmood et al., 2021) and axitinib versus observation in 
the other (Kang et al., 2021). Phase II trials are historically designed as 
single-arm studies in which all the patients receive the same experi-
mental therapy and the outcomes are compared to historical data on the 
standard response to current therapies or experts’ opinion. Randomi-
zation and inclusion of two-arms in phase II trials is increasingly a topic 
of debate in the literature and it appears to be important when there is a 
gold-standard therapy or a substantial uncertainty about the response to 
the standard agent (Sambucini, 2015). With regard to the treatment of 
ACC we believe using single-arm phase II trials represents a more 
feasible approach as recruiting patients is not easy due to the rare nature 
of the tumor and a representative sample size in the experimental group 
increases the statistical power. A basic ethical aspect for CT protocols is 
that patients should not be offered a treatment inferior to what is 
otherwise available in clinical practice (Daugherty et al., 2008). As 
currently there are no standard drugs or therapy with proven efficiency 
for locally advanced, metastatic/recurrent, incurable ACC there are no 
ethical limitations for single-arm trials. Also, many single-arm phase II 
trials are conducted to test drug efficacy in metastatic disease, after 
progression on standard therapies, and again as ACC has no standard 
therapies there is no ethical limitation. Some consideration does need to 
be paid to the lack of observational groups in CT results and to the 
limited information about the mean PFS of advanced cases of ACC, 
prospectively and in a controlled setting. Kang et al., (2021) circum-
vented this by allowing crossover between observation and experi-
mental group when progression was detected. Some drugs have been 
shown to significantly increase PFS times in advanced cases of ACC, as 
we will discuss further in this review. The inclusion of such drugs might 
be discussed for future randomized CT with comparison groups. 

3.4. Patient enrollment 

The number of patients enrolled in the reviewed CT ranged from 1 to 
68, with a median of 28. Eligibility criteria is a key aspect in CT and can 
be categorized in terms of scientific features (e.g., diagnosis and disease 
stage), safety features (e.g., organ function and performance status), 
ethical features (e.g., life expectancy), and regulatory reasons (Kim 

et al., 2015). Key criteria for enrollment are presented in Table 2. Most 
studies included locally advanced, recurrent or metastatic tumors with 
measurable and progressive disease. In 7 trials (30%) the tumor site 
(salivary gland or head and neck) was considered an inclusion criterion 
(the information was extracted from the inclusion criteria segment on 
the website but also from the trial title where present). Four trials re-
ported that non-salivary gland cases were also eligible and in the 
remaining this information was not clearly stated. Patients under 18 
years-old were only eligible in one CT, the remaining enrolling only 
adult patients. ECOG status varied between studies with a maximum 
score of 1 or 2 being allowed. Evidence of disease progression also varied 
between not being necessary, presence in any given time interval and in 
specific intervals before the initiation of the trial (varying between 6 and 
12 months). Many other inclusion and exclusion criteria were described 
such as measurable disease according to Response Evaluation Criteria in 
Solid Tumors (RECIST), and adequate hematologic, renal and hepatic 
function for inclusion and presence of other cancers or baseline diseases, 
HIV positivity, pregnancy, lactant status, central nervous system disease 
and brain metastasis for exclusion. 

Inclusion and exclusion criteria are important in guaranteeing 
similar baseline factors that could affect the response to therapy and 
exclude patients who may present increased risk of adverse effects, 
improving the trial safety (Jin et al., 2017). Nevertheless, there is a 
concern among oncologists that overly strict eligibility criteria can 
hinder patient enrollment, leading to lengthy trials, with increased 
complexity and cost (Jin et al., 2017). As an example, ECOG maximum 
performance status varied between 1 and 2 in the trials reviewed here 
and many studies only included adult patients. A survey conducted with 
physicians and faculty at the ASCO - American Association of Cancer 
Research Methods in Clinical Cancer Research (MCCR) Workshop 
revealed that respondents felt that age and ECOG status of 2 should not 
be considered exclusion criteria from trials of molecularly targeted 
agents in 83% and 53% of instances, respectively (Kim et al., 2015). ACC 
is more commonly diagnosed around the 5th and 6th decades, yet cases 
in adolescents do occur (Bjørndal et al., 2015). According to FDA 
guidance released in 2019, adolescents between the ages of 12 and 17 
should be eligible for enrollment in adult oncology clinical trials at any 
stage of drug development if the tumor histology and disease course are 
similar to adult cancer under investigation, or the drug molecular target 
is also applicable (FDA guidance). Interestingly, adolescents have the 
lowest proportion of enrollment in CT compared to young children 
(under 12) and adults (Bleyer, 2007). We believe that exclusion of ad-
olescents in ACC-related CT should be reconsidered and debated as their 
inclusion could represent a slight, but significant, increase in the eligible 
population for enrollment. 

There is evidence of different behaviors of head and neck / salivary 
gland ACC and ACC at other sites. For example, while the 5-year survival 
rate for salivary gland ACC varies between 56% and 65% (Ciccolallo 
et al., 2009), rates for breast ACC are around 98%, directly contrasting 
with other triple-negative breast tumors (77%) and salivary gland ACC 
(Kulkarni et al., 2013). It is important to note that the rates are estimated 
based on the overall population and that most ACCs arising in the breast 
are diagnosed as localized disease with a low rate of node and distant 
metastases (Kulkarni et al., 2013). At the molecular level, it appears that 
ACC from different sites are similar, mostly being associated with MYB 
overactivation triggered by chromosomal translocations (Persson et al., 
2009), which could be used as a biological rationale to not include site as 
an inclusion criterion in clinical trials, making the chances of patient 
enrollment higher. 

3.5. Drug targets, approval status and adverse effects 

In the CT with available results 18 different drugs were tested 
(Table 3) with small-molecule drugs being more commonly investigated 
(10/18 – 56%) than other classes of drugs. Five compounds (28%), 
AL101, Apatinib, Brontictuzumab, Dovitinib and MK2206, are not 
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Table 1 
Main data and results from registered ACC CT with available results.  

CT number / 
reference 

Drug name Phase N Primary Endpoint Complete 
Response 

Partial Response Stable Disease Median PFS (95% CI) 
in months 

NCT00017498 * ( 
van Herpen et al., 
2008) 

Gemcitabine II 21 ORR by RECIST 0 0 61% (5/18) NA 

NCT00077428 * ( 
Argiris et al., 
2011) 

Doxorubicin and 
Bortezomib 

II 24 ORR by RECIST 0 0 for Borteomib 
alone and 10% (1/ 
10) for Bortezomib 
+ Doxorubicin 

71% (15/21) for 
Bortezomib alone and 
60% (6/10) for 
Bortezomib +
Doxorubicin 

6.37 (1.61–8.74) – 

considering all 
patients enrolled 

NCT00581360 
(ClinicalTrials. 
gov) 

Doxorubicin and 
Bortezomib 

II 9 ORR by RECIST 0 0 100% (9/9) 8 (2–26) 

NCT00886132 * ( 
Chau et al., 2012) 

Sunitinib II 14 ORR by RECIST 0 0 84.6% (11/13) 7.2 months (2.2–9.0) 
– time to progression 

NCT01065844 ( 
Hoover et al., 
2015) 

Nelfinavir II 15 Tumor progression 
by RECIST 

0 0 46.6% (7/15) 5.5 (4.4 – not 
estimable) 

NCT01152840 * ( 
Kim et al., 2014) 

Everolimus 
(RAD001) 

II 33 PFS rate at 4 
months by RECIST 

0 0 79.4% (27/34) 11.2 (3.6–15.8) 

NCT01175980 ( 
Goncalves et al., 
2017) 

Vorinostat II 30 ORR by RECIST 0 6% (2/30) 81% (27/30) 11.4 (7.1 – 20.5) - 
90% CI 

NCT01417143 * ( 
Keam et al., 
2015) 

Dovitinib II 32 PFS rate at 4 
months by RECIST 

0 3.1% (1/32) 93.8% (30/32) 6.0 (4.4–7.6) 

NCT01524692 ( 
Dillon et al., 
2017) 

Dovitinib II 34 ORR by RECIST 0 6% (2/34) 65% (22/34) 8.2 (7.3 – 11) –90% 
CI 

NCT01558661 (Ho 
et al., 2016a) 

Axitinib II 33 ORR by RECIST 0 9.1% (3/33) 75.8% (25/33) 5.7 (5.3 – 9.1) 

NCT01604772 
(ClinicalTrials. 
gov) 

MK2206 II 16 ORR by RECIST 0 0 92% (13/14) 9.2 (3.8–11.0) 

NCT01678105 * ( 
Hotte et al., 
2016) 

Dovitinib II 21 Clinical benefit rate 
by RECIST 

0 0 71.4% (15/21) NA 

NCT02098538 * ( 
Ho et al., 2016b) 

Regorafenib II 38 Patients alive 
without disease 
progression by 
RECIST 

0 0 44.7% (17/38) NA 

NCT02662608 
(ClinicalTrials. 
gov) 

Brontictuzumab NA 1 Number of 
Participants With 
Disease Progression 
by RECIST 

NA NA NA NA 

NCT02775370 * ( 
Zhu et al., 2021) 

Apatinib II 68 PFS rate at 6 
months by RECIST 

0 46.2% (30/65) 52.3% (34/65) 19.7 (11.8–26.0) – 

Interquartile range 
NCT02780310 * ( 

Tchekmedyian 
et al., 2019) 

Lenvatinib II 32 Best overall 
response rate by 
RECIST 

0 15.6% (5/32) 75% (24/32) 17.5 (7.2 – not 
estimable) 

NCT02859012 * ( 
Kang et al., 2021) 

Axitinib II 60 
(two 
arms) 

PFS rate at 6 
months by RECIST 

0 0 52.3% (11/21) 10.8 (7.1–13.6) – 

axitinib arm 
2.8 (1.7–4.2) – 

observation arm 
NCT02860936 * ( 

Locati et al., 
2020) 

Lenvatinib II 28 ORR by RECIST 0 11.5% (3/26) 76.9% (20/26) 9.1 (5.5–13.8) 

NCT03087019 ( 
Mahmood et al., 
2021) 

Pembrolizumab II 20 
(two 
arms) 

ORR by RECIST 
(non-irradiated 
lesions) 

0 0 60% (7 pembro alone 
and 5 pembro + RT) 
(no significant 
difference between 
arms) 

4.5 (1.4 – 20.6) for 
pembro + RT; 6.6 
(2.4 – 13.1) for 
pembro alone 

NCT03691207 * ( 
Ferrarotto et al., 
2022b) 

AL101 II 77 ORR by RECIST 0 11.6% (9/77) 57.1% (44/77) NA 

NCT03999684 ( 
Hanna et al., 
2021) 

Tretinoin (ATRA) II 18 ORR by RECIST 0 0 61% (5/18) 3.7 (1.8–3.9) 

NCT04433169 * ( 
Ye et al., 2021) 

Tretinoin (ATRA) 
and Apatinib 

II 16 ORR by RECIST 0 19% (3/16) 81% (13/16) NA 

NCT03990571 * ( 
Ferrarotto et al., 
2022a) 

Axitinib and 
Avelumab 

II 28 ORR by RECIST or 
modified MD 
Anderson bone 
criteria§

0 ORR 17.9% (5/28) 7.2 (3.7–11.7) 

Legend: N – number of patients enrolled; PFS – progression free survival, CI – confidence interval; ORR – overall response rate; RECIST - Response Evaluation Criteria in 
Solid Tumors 
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approved by the FDA for any means, while the rest are approved for 
oncologic purposes or HIV therapy (Nelfinavir). The use of approved 
drugs represents a cheaper, safer, and faster approach, as all essential 
data on safety and toxicity is available and the process for commer-
cialization is ready (Sleire et al., 2017). For an anti-tumor drug to gain 
approval for treatment of a new cancer, robust evidence is needed and 
for rare cancers, such as ACC, this is more challenging. The “orphan drug 
act” adopted by the US in 1983 (Orphan Drug Act, 1983), and now 
followed by many governments, represents a key pathway to promote 
faster approval for rare disease treatments. The orphan drug initiative 
involves many aspects including financial support, fast-track or accel-
erated procedure, priority or separate review, lower data requirements 
and a market exclusivity period (Korchagina et al., 2019). Currently, the 
FDA grants this title for drugs used to manage diseases that affect fewer 
than 200,000 people in the US. 

According to the FDA database, four drugs have been granted orphan 

drug designation for ACC treatment: dovitinib (2013), para- 
toluenesulfonamide (2017), AL101 (2019) and Apatinib (2021) (U.S 
Food and Drug Administration). Intratumoral injection of 
para-toluenesulfonamide has been assessed and found to be effective in 
decreasing airway tumor size and reducing the rate of airway obstruc-
tion in pulmonary ACC with severe central airway obstruction (Guan 
et al., 2018). Dovitinib and Apatinib are small-molecule tyrosine kinase 
inhibitors and while Dovitinib has multiple targets, such as VEGFR, 
PDGFR, c-Kit, CSF-1R, RET, TrkA, FLT3 and FGFRs 1–3 (Dillon et al., 
2017), Apatinib specifically inhibits tumor angiogenesis by targeting 
VEGFR-2 (Zhu et al., 2021). AL101, also a small molecule drug, is a 
γ-secretase inhibitor that potently inhibits Notch1–4. Pre-clinical results 
using ACC patient-derived xenografts demonstrated a robust antitumor 
activity for tumors with Notch activating mutations (Ferrarotto et al., 
2019). Among the trials reviewed in this study, Dovitinib, Apatinib and 
AL101 were tested in 3, 2 and 1 clinical trials with available results, 

*Studies that reported “no results available” on ClinicalTrials.gov database but preliminary or full results were identified in the published literature. 
§Bone-specific response criteria developed by The University of Texas MD Anderson Cancer Center in 2004 for evaluation of bone metastases 

Table 2 
Inclusion criteria for ACC CT with available results (information extracted from ClinicalTrials.gov website).  

CT number / reference Drug name Disease status Site 
restriction 

Age restriction ECOG status Evidence of 
progression 

NCT00017498 * (van 
Herpen et al., 2008) 

Gemcitabine Recurrent, or metastatic, incurable disease Head and 
neck 

> 18 years WHO 0–2 Symptomatic and/or 
progressive disease 

NCT00077428 * (Argiris 
et al., 2011) 

Doxorubicin and 
Bortezomib 

Locally advanced, recurrent, or metastatic, 
incurable disease 

Head and 
neck 

> 18 years 0–2 9 months interval 

NCT00581360 
(ClinicalTrials.gov) 

Doxorubicin and 
Bortezomib 

Locally advanced, recurrent, or metastatic, 
incurable disease 

Head and 
neck 

> 18 years 0–2 Not mandatory 

NCT00886132 * (Chau 
et al., 2012) 

Sunitinib Recurrent, or metastatic, incurable disease Salivary 
gland 

> 18 years NI 6 months interval 

NCT01065844 (Hoover 
et al., 2015) 

Nelfinavir Recurrent or end-stage with/without 
metastases who have failed all other 
therapy 

Head and 
neck 

> 18 years 0–2 NI 

NCT01152840 * (Kim 
et al., 2014) 

Everolimus (RAD001) Local, locally-advanced or metastatic 
incurable disease 

NI > 18 years 0 or 1 Yes, any time interval 

NCT01175980 ( 
Goncalves et al., 2017) 

Vorinostat Locally advanced, recurrent, or metastatic, 
incurable disease 

NI > 18 years 0–2 NI 

NCT01417143 * (Keam 
et al., 2015) 

Dovitinib Locally advanced, recurrent, or metastatic, 
incurable disease 

NI > 18 years 0 or 1 Yes, any time interval 

NCT01524692 (Dillon 
et al., 2017) 

Dovitinib Recurrent, or metastatic, incurable disease NI > 18 years 0–2 Yes, interval not 
defined 

NCT01558661 (Ho et al., 
2016a) 

Axitinib Locally advanced, recurrent, or metastatic, 
incurable disease 

Any site > 18 years 0–2 6 months interval 

NCT01604772 
(ClinicalTrials.gov) 

MK2206 Locally advanced, recurrent, or metastatic, 
incurable disease 

Any site > 18 years 0–2 6 months interval 

NCT01678105 * (Hotte 
et al., 2016) 

Dovitinib Recurrent, or metastatic, incurable disease Salivary 
gland 

> 18 years 0–2 12 months interval 

NCT02098538 * (Ho 
et al., 2016b) 

Regorafenib Recurrent, or metastatic, incurable disease Any site > 18 years 0–2 6 months interval 

NCT02662608 
(ClinicalTrials.gov) 

Brontictuzumab# NI NI > 18 years 0 or 1 NI 

NCT02775370 * (Zhu 
et al., 2021) 

Apatinib Recurrent, or metastatic, incurable disease NI 18–75 years Karnofsky 
score > 60 

Yes, any time interval 

NCT02780310 * ( 
Tchekmedyian et al., 
2019) 

Lenvatinib Recurrent, or metastatic, incurable disease Any site > 18 years 0–2 6 months interval 

NCT02859012 * (Keam 
et al., 2020) 

Axitinib Local, locally-advanced or metastatic 
incurable disease 

NI Child, Adult, 
Older Adult 

0–1 9 months interval 

NCT02860936 * (Locati 
et al., 2020) 

Lenvatinib Recurrent, or metastatic, incurable disease Salivary 
gland 

18–99 years 0–2 6 months interval 

NCT03691207 * ( 
Ferrarotto et al., 2022a) 

AL101 Recurrent, metastatic or unresectable 
disease with known NOTCH 1/2/3/4 
activating mutation 

NI > 18 years 0 or 1 6 months interval 

NCT03087019 ( 
Mahmood et al., 2021) 

Pembrolizumab Recurrent, metastatic, unresectable 
disease 

NI > 18 years 0 or 1 12 months interval 

NCT03999684 (Hanna 
et al., 2021) 

Tretinoin (ATRA) Recurrent, metastatic or advanced, 
unresectable disease 

NI > 18 years 0 or 1 12 months interval 

NCT04433169 * (Ye et al., 
2021) 

Tretinoin (ATRA) and 
Apatinib 

Advanced, recurrent, or metastatic disease NI > 18 years 0 or 1 NI 

NCT03990571 * ( 
Ferrarotto et al., 2022b) 

Axitinib and 
Avelumab 

Recurrent, metastatic or unresectable 
disease 

NI > 18 years 0 or 1 6 months interval  
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respectively and responses to treatment and PFS rates will be discussed 
at a later stage in this report. 

Reporting on drug adverse effects varied considerably with most 
studies only specifying the most common toxicities or those adverse 
effects that led to treatment discontinuation. In many studies it was not 
clear if severe adverse effects were not reported because they did not 
occur during therapy or because they were rare events and only the most 
common ones were reported. This potentially impeded collection of 
reliable data. A literature review by Pitrou et al. (2009) analyzed CT 
results published in general medical journals with a high impact factor 
and observed that even though the majority of studies (88%) reported 
adverse effects, almost one third of them restricted the reporting to 

either most common, more severe or those with statistically significant 
differences between groups. Tolerability of therapy is a key factor, as 
drugs with similar prospects of achieving disease stability or objective 
response are often chosen based on the highest level of tolerability, 
determined by assessing the risk, type and severity of adverse effects. 

3.6. Primary endpoint results 

In the 23 trials reviewed here, no case of complete response was 
identified during follow-up (Table 1). Partial response rates varied from 
0% to 46%, the highest score being achieved with Apatinib (30 patients 
out of 65). Stable disease as best response was also variable among trials, 
ranging from 44% (Regorafenib, 17 out of 38 patients) to 100% 
(Doxorubicin associated with Bortezomib, 9 out of 9 patients). Most 
studies presented survival data as median of PFS in months alongside the 
95% CI. Some studies used PFS with 90% CI or interquartile range and 
one study presented the data as time to progression (TTP). The sum-
marized survival data is presented in Fig. 1. The median PFS (or TTP) 
ranged from 3.7 (Tretinoin) to 19.7 months (Apatinib) and although 
most trials were single-arm studies, the median PFS time after therapy 
can be compared with historical data of observation groups (no treat-
ment) and also among the experimental treatments. Among the trials 
reviewed, one had an observation arm, which achieved a median PFS of 
2.8 months (Kang et al., 2021) and was included for comparison pur-
poses. Even though no patient achieved complete response within the CT 
reviewed, many drugs led to significantly longer PFS as compared to 2.8 
months, such as Apatinib, Axitinib, Dovitinib, Lenvatinib, Nelfinavir and 
Vorinostat (Fig. 1). 

Stable disease duration could be viewed as having limited value for 
indolent malignancies such as ACC as it is more challenging to conclude 
if disease stabilization occurred as a result of the drug or if it is part of the 
tumor’s natural history. Thus, evidence of disease progression prior to 
trial enrollment could be considered an important inclusion criterion. 
Among the reviewed trials, two stated that evidence of disease pro-
gression was not mandatory, and three didn’t mention this criterion 
(Table 2). Most studies, however, did include disease progression (with 
variable time intervals) as a key inclusion criterion strengthening the 
validity of the PFS times achieved after therapy. Also, all CT assessed 
treatment response (primary endpoint) based on RECIST (Eisenhauer 
et al., 2009) (Table 1). While the majority of trials used objective 
response rates (ORR), represented by the number of patients presenting 
CR or PR divided by the total number of patients evaluated, some CT 
used the PFS rates at 4 months or clinical benefit rates, which is defined 
as an objective response or stable disease of ≥ 24 weeks (6 months) 
duration. RECIST takes into consideration the baseline and final sum of 
diameters of target lesions to determine the response rates: a decrease of 
at least 30% needs to be achieved for PR, for example, and at least 20% 
increase to define disease progression (considering the baseline or any 
other smallest sum during treatment) (Eisenhauer et al., 2009). Some 
authors suggest that changes in tumor size, volume or density might 
represent a better method for assessment of treatment response in some 
types of solid tumors, such as gastrointestinal stromal tumors (Choi 
et al., 2007) and lung cancer (Mozley et al., 2010). It appears that 
changes in tumor volume could predict clinical response earlier than 
RECIST as this measure is more sensitive than changes in unidimen-
sional diameters (Mozley et al., 2010). For example, Locati et al. (2016) 
investigated the effects of Sorafenib in recurrent and/or metastatic 
salivary gland carcinomas (ACC and non-ACC types) and observed 6 
cases of PR based on RECIST, while the Choi method (Choi et al., 2007), 
based on tumor density, revealed 15 cases of PR. The discordance rate 
between methods was significant (57%) and, interestingly, no associa-
tion between PFS time with response rates, according to both RECIST 
and Choi, was observed. It appears that until a better method is devel-
oped and validated, RECIST should continue to be used for primary 
endpoint, as it allows standardization and comparisons between trials. 
Including information on the number of patients that experienced 

Table 3 
List of drugs evaluated in CT with available results.  

Drug name Drug class FDA approved Target 
AL101 Small-molecule No (orphan drug 

designation for 
ACC) 

γ-secretase inhibitor 
(blocks Notch) 

Apatinib Small-molecule No (orphan drug 
designation for 
ACC) 

VEGFR2 

Avelumab Monoclonal 
antibody 

Merkel cell 
carcinoma, 
urothelial 
carcinoma and 
renal cell 
carcinoma 

PD-L1 
(immunotherapy) 

Axitinib Small-molecule Renal cell 
carcinoma 

VEFGRs 1–3, KIT, 
and PDGFRs A/B 

Brontictuzumab Monoclonal 
antibody 

No Notch I 

Dovitinib Small-molecule No (orphan drug 
designation for 
ACC) 

VEGFR, PDGFR, c- 
Kit, CSF-1R, RET, 
TrkA, FLT3, FGFRs 
1–3 

Doxorubicin Anthracycline Multiple 
malignancies (not 
ACC) 

Topo isomerase 2 

Bortezomib Proteasome 
inhibitor 

Multiple myeloma 
and mantle cell 
lymphoma 

26 S proteasome 

Everolimus 
(RAD001) 

Protein kinase 
inhibitor 

Multiple tumors 
(not ACC) 

mTOR 

Gemcitabine Antimetabolite Multiple advanced 
/ unresponsive 
malignancies (not 
ACC) 

Pyrimidine 
antagonist 

Lenvatinib Small-molecule Multiple advanced 
/ unresponsive 
malignancies (not 
ACC) 

VEGFR1 − 3, FGFR1, 
2, 3, and 4; PDGFRα 

and β, KIT, and RET 

MK2206 Small-molecule No Akt 
Nelfinavir Protease 

inhibitors 
HIV infection HIV-1 protease 

inhibitor 
Pembrolizumab Monoclonal 

antibody 
Recurrent or 
metastatic head and 
neck squamous cell 
carcinoma 

PD-1 

Regorafenib Small-molecule Multiple advanced 
/ unresponsive 
malignancies (not 
ACC) 

Multiple targets* 

Sunitinib Small-molecule Renal cell 
carcinoma and 
gastrointestinal 
stromal tumor 

PDGF-R, VEGFR, 
KIT, RET, CSF-1R, 
and flt3 

Tretinoin 
(ATRA) 

Small-molecule Acute 
promyelocytic 
leukemia 

Retinoic Acid 

Vorinostat Small-molecule Cutaneous T-cell 
lymphoma 

Histone deacetylase 
(HDAC) inhibitor  

* RET, VEGFR1, VEGFR2, VEGFR3, KIT, PDGFR-alpha, PDGFR-beta, FGFR1, 
FGFR2, TIE2, DDR2, TrkA, Eph2A, RAF-1, BRAF, BRAFV600E, SAPK2, PTK5, 
and Abl 
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volume shrinkage might also be relevant, however, and should be 
incorporated in full manuscripts detailing therapy response. 

Duration of response (DOR) is defined as the period between 
response initiation (first time either CR or PR is observed) and pro-
gression or death, whichever occur first. A major shortcoming of con-
ventional DOR, however, is that it is limited to responders and can result 
in biased assessment of the duration (Huang et al., 2020). Mean DOR 
was reported (or calculated based on available data) for Vorinostat (30.1 
months, based on 2 responders), Apatinib (17.7 months, for 30 re-
sponders), Lenvatinib (3.1 months, for 3 responders) and Axitinib 
associated with Avelumab (5.2 months, for 5 responders) (Goncalves 
et al., 2017; Zhu et al., 2021; Locati et al., 2020; Ferrarotto et al.,2022a). 
Mahmood et al., (2021) showed a graphical representation of DOR 
among responders treated with Pembrolizumab, yet the exact values 
could not be calculated from the provided figure. Other CT reviewed 
reported that DOR was among the secondary endpoints but the results 
were not detailed (Kim et al., 2014; Keam et al., 2015; Kang et al., 2021). 
Two studies reported duration of stable disease that could be considered 
similar (Argiris et al., 2011; Chau et al., 2012), however, no clear defi-
nition was given precluding accurate interpretation. In addition, Hanna 
et al. (2021) included duration of stability as a secondary endpoint but 
defined this as time from registration to disease progression; differing 
from DOR. 

3.7. Most promising therapies based on ORR and PFS time 

Among the drugs tested in the CT we reviewed, Apatinib achieved 
the most remarkable results. Patients with recurrent or metastatic ACC 
of the head and neck achieved the highest rate of PR (46%) (Zhu et al., 
2021) while combining PR and SD rates indicated 98.5% of patients 
achieved disease control during the trial. Patients treated with Apatinib 
also presented the highest PFS median time, of 19.7 months. In their 
published paper, the authors present the median PFS alongside the 
interquartile range instead of 95% CI, thus care should be taken when 
comparing the lines in Fig. 1. The trial enrolled 68 patients diagnosed 
with ACC, mainly from salivary glands (minor and major) but also other 
head and neck sites. The therapy efficacy was analyzed in 65 patients, 
the greatest number among all trials reviewed and thus providing a 
meaningful sample size. It is important to note that this study was 
conducted in a single institution ((Shanghai; Zhu et al., 2021) and we 
suggest further studies, preferably multicentre trials with a more diverse 

population, are needed to confirm these promising results. The same 
group from Shanghai investigated the effect of Tretinoin (all-trans ret-
inoic acid - ATRA) with low doses of Apatinib (Ye et al., 2021). While in 
the first CT the optimal dose was defined as 500 mg/day orally (Zhu 
et al., 2021), in the second trial the Apatinib dose was 250 mg/day with 
20 mg/day of Tretinoin (Ye et al., 2021). The preliminary results, pre-
sented as conference proceedings, indicated three out of 16 (19%) pa-
tients achieved partial response and the remaining 13 achieved stable 
disease (Table 1), which brings the total disease control rate to 100%. 
The median PFS after therapy is not detailed (not shown in Fig. 1), but 
the 6-month and 12-month progression-free survival rates were 100% 
and 80%, respectively (Ye et al., 2021). 

Dovitinib did not obtain remarkable PR rates (0, 3.1% and 6% - 
Table 1), yet the SD rates were considered very significant in three trials 
evaluating this drug: 65%, 93% and 71% (Keam et al., 2015; Hotte et al., 
2016; Dillon et al., 2017). The median PFS times varied from 6.0 (95% 
CI - 4.4–7.6 months) to 8.2 months (90% CI- 7.3 – 11 months), which 
suggests that despite a limited effect in reducing disease burden, the 
drug can efficiently increase the time of disease stability. These results 
should, however, be interpreted with caution as the interval for 
evidencing disease progression prior to entering the trial was either not 
defined (Keam et al., 2015; Dillon et al., 2017) or 12-months (Hotte 
et al., 2016), which might be considered too long. It is not clear if the 
disease stability is due to the drug activity or associated with natural 
ACC indolent behavior. 

Lenvatinib. a small molecule multitargeted tyrosine kinase inhibitor 
that targets VEGFR 1–3, FGFRs 1–4, KIT, PDGFR α and β, KIT and RET 
treatment, also showed promising results. Two studies evaluated the 
drug and reported a median PFS of 17.5 months (n = 32) (Tchekme-
dyian et al., 2019) and 9.1 months (n = 26) (Locati et al., 2020). Once 
again, the promising results achieved in the first trial need to be inter-
preted with caution and might be over-estimated as many patients were 
censored. A post-trial analysis of event-free survival revealed a more 
modest time of 8.2 months (95% CI, 7.1–17.4 months) (Tchekmedyian 
et al., 2019). Currently, this drug is approved by the FDA for the treat-
ment of differentiated thyroid cancer, renal cell carcinoma, hepatocel-
lular carcinoma and endometrial carcinoma (Lenvima prescribing 
information FDA). In the CT reviewed, disease control was achieved in 
90.6% (29/32) (Tchekmedyian et al., 2019) and 88.4% (23/26) (Locati 
et al., 2020) of patients, with PR rates ranging from 11% to 15% 
(Tchekmedyian et al., 2019; Locati et al., 2020). A real-world experience 

Fig. 1. Median and 95% Confidence Interval (CI) of Progression Free Survival (PFS) of drugs tested in ACC-related CT with available results. PFS for an observation 
group (Kang et al., 2021) is included for comparison purposes (95% CI highlighted in gray). Drugs in bold have 95% CI that do not cross the observation 95% CI 
(significant increase in patients PFS). * 90% CI instead of 95% CI; ** Interquartile range instead of 95% CI; *** Time to progression instead of PFS time. 
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of recurrent or metastatic ACC cases treated with Lenvatinib within the 
UK was published recently but the response rate was not as promising as 
those achieved in the CT (Feeney et al., 2021). Twenty-three patients 
from eleven cancer centers receiving Lenvatinib monotherapy were 
evaluated. The median PFS was 4.1 months, no CR or PR was observed, 
and SD was achieved in only 52.4% of patients (Feeney et al., 2021). 
Different hypotheses were proposed to explain such discrepancies 
including the starting dose of Lenvatinib (lower than the usual 24 mg 
used in the CT in 60% of patients due to reduced performance status, 
impaired hepatic function or toxicity concern) and the possibility that 
enrolled patients had later stage disease compared to those in previous 
CT (Feeney et al., 2021). 

Vorinostat, also known as suberoylanilide hydroxamic acid (SAHA), 
is a small molecule inhibitor of histone deacetylase (HDAC). This epi- 
drug has been tested in ACC and achieved a good rate of disease stabi-
lization: 29/30 patients, among which 2 (6%) had PR and the remaining 
SD (Goncalves et al., 2017). The drug was taken to trial following a 
promising response in two ACC patients who enrolled in a previous 
broader solid tumors trial (Ramalingam et al., 2010) and also because 
next generation sequencing (NGS) studies have shown that ACC has a 
low mutation rate but presents frequent mutations in genes involved in 
epigenetic regulation such as KDM6A and CREBBP (Ho et al., 2013). 
Despite the fact that disease progression was not mandatory for enroll-
ment, which might represent a shortcoming, 90% of enrolled patients 
had radiological evidence of prior disease progression (Goncalves et al., 
2017). The median PFS time was 11.4 months representing a good 
achievement in ACC CT trials. The authors also highlighted the fact that, 
despite SD being the best response in 27 patients, 20 had evidence of 
tumor size decrease, which again brings into question the limitations of 
RECIST in accessing early/initial treatment response (Goncalves et al., 
2017). The clinical activity is corroborated by a study conducted with 
ACC cell lines and patient-derived xenografts in which Vorinostat 
administration reduced the percentage of cancer stem cells (highly 
tumorigenic cell population, with self-renewal and differentiation po-
tential) both in vivo and in vitro (Almeida et al., 2017). 

3.8. Challenges and opportunities 

CT for orphan diseases such as ACC face many challenges, including 
sufficient patient enrollment to allow a significant sample size. It is 
important to emphasise that CT for rare cancers represent a two-way 
relationship, for the research group, patient participation is significant 
and for the patient, it might represent the best chance of receiving a 
rational systemic therapy and to be treated by world experts in the 
management of their rare disease. For rare cancers, patient-orientated 
foundations represent an important tool in finding open trials, which 
in the context of ACC, the ACC Research Foundation has a full list of 
open CT that patients can access for information on treatment oppor-
tunities (https://accrf.org/). 

Despite all the difficulties and the fact that no drug has, to date, been 
approved for the treatment of advanced ACC, recent FDA approvals in 
relation to salivary gland cancers brings some optimism. Pan-TRK in-
hibition with Larotrectinib (Hong et al., 2020) or Entrectinib (Doebele 
et al., 2020) were approved in 2018 and 2019 respectively, for solid 
tumors harboring NTRK rearrangements which includes the majority of 
secretory salivary gland carcinoma cases. For ACC, MYB rearrangements 
are found in around 60% of ACC cases (Fujii et al., 2017) triggering an 
increase in Myb protein levels (Presson et al., 2009; Gao et al., 2014). 
Drugs that target MYB-associated events could represent a promising 
route for ACC management and basic research is key to identifying 
compounds that can target MYB. An example of this bench to bedside 
approach is the case of Tretinoin (all-trans retinoic acid - ATRA). A ge-
netic screen of zebrafish models identified retinoic acid agonists, among 
more than 3800 bioactive small molecules, as potent suppressors of MYB 
(Mandelbaum et al., 2018). The use of ATRA was effective in inhibiting 
ACC growth in patient-derived xenograft models (Mandelbaum et al., 

2018). Two CT reviewed for this paper investigated Tretinoin use: one in 
isolation (Hanna et al., 2021) and one in association with Apatinib 
(previously discussed) (Ye et al., 2021). Tretinoin monotherapy was 
tested in 18 patients with recurrent, metastatic ACC with eleven patients 
(68%) achieving disease stability; no case of PR was observed (Hanna 
et al., 2021) and the PFS rates achieved (median 3.7, 95%CI - 1.8–3.9) 
were not considerably higher than that usually seen with observation 
(Kang et al., 2021). The authors hypothesized that the dose and/or 
schedule might not have been adequate to generate the expected re-
sponses. Interestingly, it appears that the patients with low MYB 
expression in immunohistochemical analysis were the ones that 
benefited more from Tretinoin in that they achieved longer PFS rates 
compared to high-MYB cases. This could suggest the drug is better able 
to downregulate MYB gene transcription and the positive feedback loop 
in cases with low MYB expression (Hanna et al., 2021). 

Among the broader trials (including non-ACC cases) excluded in our 
initial search (Supplementary Table 2), we found a phase I trial inves-
tigating the use of a TetMYB vaccine that targets MYB, in association 
with an anti-PD1 antibody, BGB-A317 (MYPHISMO study protocol). The 
trial is being conducted on patients diagnosed with ACC or colorectal 
cancer, which can also be MYB-driven (Pham et al., 2019). Preliminary 
in vivo results using nude mice demonstrated that the vaccine as mon-
otherapy, administered 2-days post tumor cell inoculation, with boosts 
on days 7 and 12, was effective. However, the positive effects were only 
observed if the therapy was started when the tumor burden was low, 
with no positive effects if initiated beyond this point. In order to over-
come the limitation that CT usually focus on advanced metastatic cases 
combined immunotherapy was included and initial results were prom-
ising, even if the vaccine was administered at a later time point when 
there was a higher tumor burden (Cross et al., 2015). The ongoing 
clinical trial represents the first testing of this vaccine in humans (Pham 
et al., 2019). 

A study by Ho et al. (2019) identified that recurrent/metastatic ACC, 
those which will benefit from systemic therapy, are enriched for alter-
ations in key Notch genes compared to primary tumors (NOTCH1, 
26.3% vs. 8.5%; NOTCH2, 4.6% vs. 2.3%; NOTCH3, 5.7% vs. 2.3%; 
NOTCH4, 3.6% vs. 0.6%) (Ho et al., 2019). The patient cohort in the 
Tretinoin monotherapy CT was subjected to next-generation sequencing 
with the most frequent alteration identified being NOTCH1 (22% of 
patients) (Hanna et al., 2021). ACC cases harboring NOTCH1 mutations 
have also been demonstrated to have a more aggressive phenotype 
compared with NOTCH1 wildtype tumors, evidenced by a higher like-
lihood of solid histological subtype, diagnosis at an advance stage, 
increased risk of liver and bone metastasis and shorter relapse-free and 
overall survival (Ferrarotto et al., 2017). A recent proteogenomic study 
confirmed that this distinct population of ACC cases, with a poorer 
prognosis, were enriched for NOTCH-activating mutations but also 
presented strong upregulation of MYC, MYC target genes and mRNA 
splicing (Ferrarotto et al., 2021). Brontictuzumab targets the Notch1 
pathway and was successful in inhibiting the growth of an ACC - PDX 
model with an activating NOTCH1 mutation (Ferrarotto et al., 2017). In 
a broader CT including tumors bearing NOTCH1 mutations Brontictu-
zumab also prolonged disease stabilization in 3 patients diagnosed with 
ACC (Ferrarotto et al., 2018). This broader trial was conducted with ACC 
patients but also those diagnosed with colorectal cancer, esophageal 
cancer, breast cancer, pancreatic cancer, cholangiocarcinoma, gastric 
cancer, and small-cell lung cancer, with the need of evidence of NOTCH1 
mutation in the NRR or PEST domain or high frequency of Notch1 
pathway activation defined by immunohistochemistry as inclusion 
criteria (Ferrarotto et al., 2018). Among 36 subjects assessed for treat-
ment efficacy, diagnosed with different histological malignancies, only 
two (5%) had unconfirmed partial response (PR), but both of these were 
diagnosed with ACC (Ferrarotto et al., 2018). AL101, which has orphan 
drug designation for ACC, has been shown to successfully inhibit tumor 
growth in ACC PDX models with Notch activating mutations (n = 2), but 
lacked effectiveness in PDX models without such mutations (n = 2) 
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(Ferrarotto et al., 2019). ACCURACY is an open-label, multicentre study 
of AL101 in patients with recurrent or metastatic ACC who harbor 
NOTCH 1,2,3,4 activating mutations. Preliminary results from 77 pa-
tients were recently presented at the 2022 ASCO meeting demonstrating 
that disease control was achieved in 53 (68.8%) patients: 9 (11.6%) 
achieved partial response and 44 (57.1%) stable disease as best response 
(Ferrarotto et al., 2022). This broader trial includes 18 recruiting centers 
across the US, Canada, Israel, Netherlands and United Kingdom with an 
estimated enrollment of 87 patients and a completion date of December 
2022. 

The latest National Comprehensive Cancer Network (NCCN) guide-
line, published in 2022, in agreement with the ASCO guideline, suggests 
that there is no preferred regimen for salivary gland malignancies. 
However, the guideline does recommend some regimens that oncolo-
gists can follow to manage unresectable metastatic or recurrent salivary 
gland cancers, including ACC, such as cisplatin/vinorelbine, cisplatin/ 
doxorubicin/cyclophosphamide, paclitaxel and carboplatin/paclitaxel. 
Other useful drugs suggested by the guideline include Lenvatinib, Axi-
tinib, Sorafenib and Pembrolizumab (for high-TMB tumors) (NCCN 
Clinical Practice Guidelines in Oncology, 2022). The guideline follows 
robust evidence and some drugs previously described in this review as 
achieving significant PFS times, such as Vorinostat, have not been 
included. This is possibly due to enrollment limitations, such as absence 
of evidence of disease progression before trial, which is particularly 
important in the context of an indolent disease. While the aim of this 
study was to review registered CT specifically designed for ACC, and all 
of the studies included targeted drugs, it is important to acknowledge 
that conventional chemotherapy, with most of the evidence to support 
efficacy coming from broader salivary gland cancer trials, provides 
essential therapeutic tools, particularly while we continue the search for 
a standard therapy, (NCCN Clinical Practice Guidelines in Oncology, 
2022). 

3.9. Directions for future trials 

Drug choice: as much as drugs with positive ACC-related pre-clinical 
results appear to provide the most promising approach (as those mostly 
target specific deregulated pathways of ACC), inconsistent results have 
been observed among drugs that have already advanced to CT. The use 
of drug repurposing from other successful trials in solid tumors con-
tinues to be a good strategy and should be maintained. Only three CT in 
this review investigated the use of two drugs in association. Advanced 
solid tumors can greatly benefit from multi-target therapy as the risk of a 
subpopulation of tumor cells being resistant to a specific pharmacolog-
ical agent could be mitigated by the use of a concomitant drug in par-
allel. While the likelihood of achieving tumor control in highly 
metastatic tumors with mono therapy has been previously estimated to 
be null, the chances increase significantly with dual therapy (Bozic et al., 
2013). 

Inclusion criteria: Not using age and site as exclusion criteria could 
allow increased patient enrollment while expert opinion surrounding 
the organization of trials for targeted therapies indicates that ECOG 
status of 2 should not be considered an exclusion criterion. Evidence of 
disease progression prior to trial enrollment is a very important inclu-
sion criteria as ACC is an indolent disease. Without this rigid enrollment 
criteria it is not possible to determine if patients who present disease 
stability achieved it due to the tested drug or if this is just inherent to the 
disease biology. 

Primary and secondary endpoints and reporting results: ORR by 
RECIST criteria appears to be the primary endpoint, as it allows com-
parison of results with the majority of other trials published. While many 
authors reported the use of other secondary endpoints, it was often not 
possible to find this data in the publication. We recommend all data be 
made publicly available (potentially as supplementary material) 
including information on the number of patients that experienced vol-
ume shrinkage and the DOR. The PFS time should also be indicated with 

the best way to present being as media + 95% confidence interval; this 
would allow comparison between studies. 

Results reporting should follow all of the recommendations of the 
CONSORT 2010 Statement guidelines (Schulz et al., 2010). 

3.10. Limitations 

Fig. 1 attempts to compare PFS time between different CT, however, 
the inclusion and exclusion criteria used for patient enrollment, sample 
size, data measurements (e.g.: 95% or 90% confidence interval vs 
interquartile range) varied significantly between studies, such that any 
comparison needs to be interpreted with caution. Moreover, the values 
used for the observational group are based on only one trial. Even 
though the authors had appropriate inclusion criteria, with the need of 
evidence of disease progression prior to trial enrollment, this result is 
based on only one specific population comprised of 27 patients. 

As this is a literature review, full data extraction was not possible for 
all CT due to missing information. This resulted in limited information 
gathered on adverse effects. The search was performed on only one 
online database (clinicaltrials.gov) and only studies that analyzed drug- 
based therapies exclusively in ACC were considered eligible for full data 
extraction. Studies that evaluated all types of salivary gland cancers 
were not assessed, even if ACC cases were included, which might 
represent a further limitation. 

4. Conclusion 

This review confirmed that advances have been made in the search 
for a standard therapy for ACC yet there are still challenges to overcome. 
No CT uncovered complete response but small-molecule inhibitors such 
as Axitinib, Apatinib and Lenvatinib showed good response rates and/or 
long PFS times. These drugs represent promising alternatives while basic 
research and pre-clinical studies continue to advance our understanding 
of ACC tumorigenesis. Key data with translational value has been 
discovered, including the fact that MYB activation seems to be an 
important event for tumor progression (Gao et al., 2014), and that 
NOTCH is more active in recurrent / metastatic cases (Ho et al., 2019) 
and associated with a more aggressive phenotype (Ferrarotto et al., 
2017). This is now directing the drug choice of key ACC CT, for example, 
the AL101 CT. While CT designed to test drugs that act on key pathways 
for ACC continue and increase in number, small molecule tyrosine ki-
nase inhibitors such as Apatinib and Lenvatinib, which use a broader 
rationale of pathways involved with solid tumor progression, appear to 
increase disease stability for a significant period of time. The efforts 
being made are substantial and will be key for identifying effective drugs 
for treatment of recurrent advanced / metastatic cases of ACC. Finally, 
as all CT reviewed were designed for advanced cases, the efficacy of 
these drugs as adjuvant therapy after surgery in less aggressi-
ve/advanced cases has yet to be determined. 
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