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Introduction: Adenoid cystic carcinoma (AdCC) is a rare tumour as it accounts for about 10% of all salivary gland neoplasms. It
occurs in all age groups with a predominance of women, but no risk factors have been identified to date. Although AdCC behaves as
a slow-growing tumour, it is characterized by multiple and late recurrences. Therefore, we aim to update the knowledge of the
treatment options in advanced and recurrent cases.

Materials and Methods: We performed a systematic literature review to provide a synthesis of the practical knowledge required for
AdCC non-surgical management. Altogether, 99 out of the 1208 available publications were selected for analysis.

Results: AdCC is described as a basaloid tumour consisting of epithelial and myoepithelial cells. Immunohistochemistry is useful for
diagnosis (PS100, Vimentin, CD117, CKit, muscle actin, p63) and for prognosis (Ki67). Identified mutations could lead to therapeutic
opportunities (MYB-NFIB, Notch 1). The work-up is mainly based on neck and chest CT scan and MRI, and PET-CT with 18-FDG or
PSMA can be considered. Surgical treatment remains the gold standard in resectable cases. Post-operative intensity modulated
radiotherapy is the standard of care, but hadron therapy may be used in specific situations. Based on the available literature, no
standard chemotherapy regimen can be recommended.

Conclusion: There is currently no consensus on the use of chemotherapy in AdCC, either concomitantly to RT in a postoperative
setting or at a metastatic stage. Further, the available targeted therapies do not yet provide significant tumour response.
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Summary

Head and neck Adenoid Cystic Carcinoma (AdCC) is a relatively rare tumour originating in the minor and major salivary
glands. The large number of publications over the last 30 years contains contradictory information on its management.
Our aim is to provide a synthesis of the literature for the diagnosis and the different non-surgical therapeutic options.

Introduction
Adenoid cystic carcinoma (AdCC) is a rare tumour accounting for only 1% of all head and neck cancers and about 10%
of all salivary gland tumours.' It is a malignancy of the secretory epithelial cells of the main salivary glands (MSG),
accessory (ASG) and ectopic glands.2

This tumour occurs in all age groups including children, with a slightly higher rate in middle-aged patients (50—-60
years), and a predominance of women.>* No etiological risk factors have been identified to date.

It behaves as a slow-growing tumour, yet it is characterized by multiple and late recurrences.’ Its imprecise limits and
its tendency for perineural invasion contribute to making it a tumour of unpredictable evolution.®
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AdCC is described as a basaloid tumour consisting of epithelial and myoepithelial cells. Immunohistochemistry is
useful for diagnosis and for prognosis. Identified mutations could lead to therapeutic opportunities. The work-up is
mainly based on neck and chest CT scan as well as MRI, but PET-CT with 18-FDG or PSMA can be considered.

The surgical treatment remains, when possible, a gold standard in this pathology. As this statement is not con-
troversial, we will not extensively discuss it in this review. Post-operative intensity modulated radiotherapy is recom-
mended but hadron therapy may be used in specific situations. There is currently no consensus on chemotherapy in
AdCC, neither concomitantly to RT in a postoperative setting nor at a metastatic stage. Further, targeted therapies have
not yet provided significant tumour response.

The main objective of this article is to provide a synthetic review of the practical knowledge required for AdCC non-
surgical management. Furthermore, we discuss the current diagnostic principles as these might provide the basis for the
future targeted therapies.

Materials and Methods
Using the PUBMED database, we carried out a systematic bibliography search between 2000 and 2021 using the key

LEENT3

words: “head and neck” and “adenoid cystic carcinoma” and adding the MESH terms: “anatomy”, “histology”,
“epidemiology”, “radiotherapy”, “surgery”, and “drug therapy”.

Altogether, we identified 1208 references in the search. The retrieved articles were further analyzed for possible
duplicates and irrelevant studies. In addition, to further minimize the risk of omission of additional studies, we manually
searched the reference lists of the eligible 387 articles to ensure that all the relevant studies were duly included. Finally, after
further analysis of the articles, we selected 87 articles for this review. We added to the final version of the review 11 historical

reference articles published before 2000 that could not be replaced as well as 1 methodological reference. (Figure 1).

Results
Pathology

AdCC is defined as a basaloid tumour consisting of epithelial and myoepithelial cells in variable morphological
configurations.” Macroscopically, AACC is a hard, non-encapsulated mass, snow-white or pinkish in appearance, and
can present itself as either a circumscribed or an extended, poorly defined (more invasive) tumour. Microscopically,
AdCC is composed of two types of cells: myoepithelial-like cells and duct-like cells. These cells can arrange into one
of three architectural patterns: cribriform, tubular or solid.® Most tumours display a combination of these patterns.’

Histoprognostic Classification
Szanto et al first proposed a histoprognostic classification in 1984.'° It is based on the proportion of solid components
within the tumour and classifies AdCCs into three grades:

Grade I: well-differentiated tumours composed of tubular and cribriform areas without any solid component.

Grade II: tumours with a dominant cribriform structure and less than 30% solid areas.

Grade III: tumour with a predominantly solid architecture.

The importance of this grading system is debated. The grade may vary according to the anatomopathologist’s
experience.'!

The study by Van Weert et al shows that the mere presence of a solid type component is a poor prognostic factor.
They note that for an anatomopathologist, indicating the presence of a solid component seems more reliable and
reproducible than specifying its percentage. They therefore suggest merely noting the presence or absence of a solid
component to simplify this classification.'?

Immunohistochemistry
Immunohistochemistry is a useful diagnostic tool, which reveals the surface antigens expressed by tumour cells. It is not
always carried out as a routine examination.

Various markers such as S 100 protein, muscle actin, p63, CD117 (Receptor tyrosine kinase C-Kit) and vimentin can

be instrumental in identifying the myoepithelial cells that form AdCC pseudocysts.”"?
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Figure | PRISMA flow diagram.
Notes: Adapted from: Liberati A, Altman D, Tetzlaff | et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care
interventions: explanation and elaboration. Journal of Clinical Epidemiology. 2009;62(10)e|-e34.'® Creative Commons.

For example, polymorphous adenocarcinoma (formerly polymorphous low-grade adenocarcinoma) is very similar to
AdCC both in histology and immunohistochemistry. Several immunohistochemical markers including c-Kit, S-100/ MG,
Mcm-2 and Integrin -1, —3, —4, are reported to be useful diagnostic aids in borderline cases.'* The monoclonal antibody
MIBI1's recognition of the Ki-67 antigen is a useful tool for diagnosis and prognosis, with an index around 20% for
AdCC and much lower for polymorphous adenocarcinoma.’

Oncogenesis
The research on AdCC oncogenesis has been delayed due to the lack of validated cell lines. Studying tumour tissue and
recently, xenografts (mouse models) has made it possible to identify several possible therapeutic targets.'

Various differentiation, signaling and cell growth pathways are involved in AdCC oncogenesis: the Sox4 pathway,
Whnt/b-catenin signaling pathway, C-Kit tyrosine kinase receptors, p53 protein, epidermal growth factor receptors
(EGFR) and human epidermal receptors (HER).'®'°

Genome-wise, AdCC has a lower mutation rate than other tumours. These mutations are more frequently somatic
mutations with an average of 22 mutations per tumour.”*' Deletions involving 12q, 6q, 9p, 11q, 14q, 1p and 5q and
gains involving 1q and 22q are the most frequently identified.”
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The reciprocal t(6; 9)(q22-23; p23-24) translocation is found in 80-90% of cases. Several authors have focused on
this translocation as it consistently results from the fusion of the MYB oncogene with the transcription factor gene
NFIB.?> MYB is one of the first identified oncogenes and was discovered nearly 30 years ago. It plays a key role in the
control of cell proliferation, survival, differentiation, and angiogenesis. More than 80 genes are recognized as targets of
MYB, such as the proliferative genes MYC, CCNA1, CCNBI1, CCNEI1, c-KIT, the anti-apoptotic BCL-2, HSPAS5,
HSP70, COX-2 pro-inflammatory and regulatory differentiation genes such as GATA3 %>

In 2009, Persson et al were the first to describe this fusion transcript.”> The MYB-NFIB fusion transcript results from
the loss of the MYB 3’ region, which normally contains target sequences for some microRNAs (miRNAs) (miR-15a,
miR-16 and miR150). The MYB gene, deprived of its regulatory sequence, induces a massive transcription of the MYB
proto-oncogene, resulting in the overexpression of all its target genes.?

The MYB-NFIB fusion transcript is not found in other salivary gland carcinomas.”’*® It can be detected by reverse
transcription, polymerase chain reaction (RT-PCR), fluorescent in situ hybridisation (FISH) or indirect immunohisto-
chemical staining of MYB proteins. Easy to detect, it is a useful diagnostic biomarker when the morphological diagnosis
of AdCC is not certain and could also open interesting therapeutic prospects.?®->

Recent studies suggest that Notch 1 plays a key role in cell growth and the presence of distant metastasis. Oncogenic
functions of the NOTCH signaling pathway include the inhibition of apoptosis and activation of cell proliferation.*'-*?
The presence of a mutation in the NOTCH 1 receptor appears to be an adverse prognostic factor in patients with AdCC.*?
Targeting this signaling pathway could lead to a potential therapeutic strategy. However, the first published study

investigating Notch inhibitors did not provide convincing results (see Table 1).

Table | Chemotherapies Tested in Scientific Literature: Main Results (Non-Exhaustive List)

Authors Year of N (AdCC Complete Partial Stabilization

Publication Patients) Response Response N (%)
Monochemotherapy
Cisplatin Licitra et al® 1991 13 0 2 6 (46)
Epirubicin Verrmorken et al®’ 1993 20 0 2 10 (50)
Eribulin Rodriguez et al”' 2018 I I I NA
Gemcitabin Van Herpen et al®’ 1990 21 0 0 I (52)
Mitotranxon Mattox et al®® 1990 18 I 0 12 (67)
Mitotranxon Verweij et al®* 1996 32 0 4 22 (69)
Paclitaxel Gilbert et al®® 2006 14 0 0 7 (50)
Vinorelbin Airoldi et al®® 1998 13 0 4 9 (69)
Polychemotherapy
Carboplatin+ Paclitaxel Airoldi et al’? 2000 10 0 2 7 (70)
Cisplatin + 5FU Hill et al”® 1997 I 0 3 6 (55)
Cisplatin + Vinorelbin Airoldi et al”® 2001 22 3 4 6 (27)
Cisplatin + Doxorubicin + Licitra et al”* 1996 12 0 3 5 (42)
Cyclophosphamid
Mitotranxon + Cisplatin Gedlicka et al”® 2002 I 0 2 8 (73)
Valproic Acid + lenalidomid Bilen et al’® 2015 14 0 0 7 (50)
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Work-Up

Diagnostic imaging should look for lymph nodes and pulmonary metastases, with the standard assessment being

computed tomography of neck and chest (CT) with contrast. Local extension of the AdCC should be assessed by MRI
with diffusion sequences.*

(18F) fluorodeoxyglucose positron emission tomography (18F-FDG PET) has a well-known predictive value in the
initial work-up and follow-up of patients with squamous cell carcinoma of the head and neck.>> However, the value of
18F-FDG PET in patients with AdCC is debated.

Low 18F-FDG uptake and false negatives have been observed. A weak expression of the glucose transporter GLUT 1
by AdCC is one of the hypotheses explaining this possible decrease in FDG uptake. The normal physiologic absorption
of FDG by salivary glands could also be involved in this phenomenon. For tumours located in the skull base, the
increased uptake of cerebral FDG (normal brain tissue recognizes glucose as a metabolic substrate) interferes with 18F-
FDG PET visualization of these tumours.*®

Recent studies suggest an interest of 18F-FDG PET in the initial and follow-up evaluation of patients with AdCC.
The study by Jung et al shows that 18F-FDG-PET sensitivity (92.3%) is comparable to that of conventional CT for the
detection of primary AdCC. The N and M statuses tend to be modified by the 18F-FDG PET examination, which would
in turn alter the tumour staging.’

A high rate of the Standardized Uptake Value (SUVmax) is found to be an adverse prognostic factor. SUVmax was
higher in patients with AdCC of higher metastatic potential.*®

Currently, some authors consider that 18F-FDG PET is of added value in the evaluation of metastatic salivary gland
cancers and has an impact on the therapeutic management of these patients.>”

Prostate-specific membrane antigen (PSMA) is a type Il transmembrane glycoprotein of the prostate epithelium over-
expressed in prostate adenocarcinomas and their metastases.*’

Functional imaging using PSMA and radiolabeled ligands (68-Gallium-PSMA-11) coupled with CT imaging (PSMA-
PET CT) is currently used for the diagnosis and restaging of certain prostate cancers.*' Recently, PSMA-PET has been
assessed in AdCC patients.*?

Treatment

The therapeutic strategy used for patients with salivary gland cancer depends on the tumour TNM stage and grade
(according to the salivary gland malignancy staging system). The TNM clinical staging of the American Joint Committee
on Cancer/International Union Against Cancer (AJCC/UICC) remains the most practical and the most suitable one for
electing the appropriate treatment.*> This depends on the site of the primary tumour.

Sorting salivary gland malignancies according to their histologic grade helps to specify their degree of malignancy,
on which among other items, the choice of overall therapeutic strategy depends. This proves the need for a simple
classification in which tumours with a substantially identical prognosis and comparable treatment are grouped together
(high grade/low grade). Such a sorting system makes it possible to apprehend the great majority of clinical
situations.**

The 2005 WHO classification introduced an intermediate grade, with a tendency towards more frequent recurrence
and/or lymph node metastases in more than 10% of cases. These grades are correlated, regardless of clinical stage, with
the potential for regional and distant metastases.

Overall, AdCC is considered as:

According to the “simplified” classification: a high-grade tumour regardless of its type of histologic architecture.

According to the WHO classification: an intermediate-grade tumour for cribriform/tubular types and a high-grade
tumour if > 30% solid.

Surgery
Standard care for non-metastatic AdCC, regardless of the primary tumour site, is surgery.*> The main objective should be
total surgical resection with free margins.*®
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The management of lymph node areas in AdCC without nodal metastasis (NO) remains controversial. Although
ASCO guidelines recommend elective neck dissection in clinically negative neck in T3-T4 tumours and high-grade
malignancies, results from a comparative study of the REFCOR cohort suggest that there is no benefit in terms of event-
free survival in ¢cNO patients having undergone neck dissection.***’

ASCO guidelines specify the appropriate treatment in the setting of resectable, recurrent locoregional disease and
distant metastatic disease, regardless of prior treatment type. In this situation, it may include palliative revision resection
and appropriate surgical reconstruction and rehabilitation if the metastatic disease is not rapidly progressive or immi-
nently lethal ** Surgical treatment of oligometastatic disease may also be considered when complete surgical resection is

feasible and when the time to pulmonary relapse after primary tumor treatment is greater than 36 months.*®

Post-Operative Radiotherapy (PORT)

Although there is no data available from randomized trials, scientific literature points to better local control in AdCC
patients treated with post-operative radiotherapy.**>' The delineated volumes are specific to this pathology as they must
encompass AdCC'’s perineural extension often all the way to the nerves’ emergence from the skull base. The proximity to
several at-risk organs makes this particular radiotherapy complex. ASCO guidelines recommend that PORT should be
offered to all patients with resected AdCC.>*

Exclusive Radiotherapy

There are few studies comparing the effectiveness of surgical treatment with exclusive radiotherapy, and these are
retrospective and present selection biases.”? The results of these studies should therefore be taken with caution, as the
effect of treatment is influenced by the patients’ initial characteristics. This is how Simpson’s paradox is expressed: in
this case, small resectable tumours with a better prognosis benefit from surgical treatment, whereas those treated by
exclusive radiotherapy are more often incompletely resectable and have a poorer prognosis.” Exclusive radiotherapy

may be considered in the case of surgical contraindications or non-resectable tumours.>*

Radiation Treatment Methods
Conventional radiotherapy, involving photons (X-rays) and electrons produced by linear accelerators, is the most
frequently employed technique (good accessibility/availability of machines).

Hadron therapy is a form of external radiotherapy that uses an accelerator of neutral or charged “heavy” particles. The
heavier particles deliver peak energy at one point delivering little energy to healthy tissue.’> This type of treatment can be
particularly valuable for malignant tumours located close to at-risk organs (such as the optic nerve, spinal cord or central
nervous system).

Neutrons are high LET particles with no charge. They differ from X-rays by their high Relative Biological
Effectiveness (RBE). Neutron therapy was one of the available, standard-care treatments for patients suffering from
advanced, unresectable AdCC from 1990 to 2000.°® However, it was abandoned due to high toxicity and high technical
cost.”’

Carbon ions combine a high LET and an even higher RBE than protons. Thus, they can be an effective treatment
option while minimizing the dose delivered to healthy tissue. Several studies suggest that carbon ion radiotherapy does
not provide a significant difference in efficacy compared to proton therapy in terms of survival and local control but does
show a decrease in grade 3 and 4 toxicities of the treatment.’™>” Cosmic Phase 2 trial investigated Intensity modulated
radiotherapy and dose — escalated carbon iodine therapy in salivary gland cancers with incomplete resection or
inoperable. A large proportion of AdCC was included. They showed 17% of complete response, 34% of partial response,
11% of stable disease. The local control at 3 years was 75% in inoperable patients. Toxicity level was considered
acceptable.®

The radiotherapy procedure for salivary gland cancers must be 3D-conformal radiation therapy with or without
intensity modulation. Conformal irradiation with intensity modulation is recommended for teams that possess the full
required equipment, whenever photon therapy may be considered.
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Hadron therapy may be preferred in case of tumour remnants.®® However, ASCO guidelines specify that although
particle therapy including proton, neutron and carbon ion therapy may be used, there are no indication for the use of
heavy particles over photon or electron therapy.®*

Chemotherapy
There is currently no chemotherapy recognized as effective in the treatment of primary or recurrent tumours in patients
with AdCC. Further, chemotherapy concomitantly delivered with radiotherapy is not currently recommended.

Laurie et al showed that palliative chemotherapy may be of interest for a small proportion of patients with advanced
AdCC after excluding other palliative therapies (radiotherapy and/or metastasis surgery).®'

6364 and vinorelbin® have shown an objective response in

Administered as monotherapy, cisplatin,®® mitoxantrone
prospective clinical trials with tumour stabilization and an acceptable level of toxicity.®® An anthracycline such as
epirubicin may be an option.®’

If monotherapy is elected, neither paclitaxel nor gemcitabine is recommended due to the lack of proven activity.®**°

If polytherapy is elected, the combination of cisplatin and vinorelbine seems to be the most interesting.””

The observed response rate of AACC remains very low in all chemotherapy trials (Table 1).

The choice of treatment should be guided by the patient’s co-morbidities, therapeutic history, and the various
chemotherapy toxicities.

Laurie et al suggest that inclusion in therapeutic trials should be considered as soon as possible given the low efficacy
of all standard chemotherapies.®'

Based on the available literature, no standard chemotherapy regimen can be recommended.”’

Targeted Therapies
Targeted therapies are promising new molecules for cancer treatment. They target specific pathways that play an
important role in the proliferation, angiogenesis and/or apoptosis of cancer cells, with limited toxicity. Several targeted
molecular abnormalities have been identified and various drugs such as imatinib, gefitinib, and sorafenib have been tested
in patients with metastatic AdCC.”* ™

Prolonged stabilization of survival in patients with AdCC is observed with the use of C-Kit, EGFR, VEGF and
histone deacetylase (HDAC) inhibitors. However, no complete response is observed, and a small proportion of patients
showed partial response to some therapies (Table 2).

A Phase I trial testing a NOTCH signaling pathway inhibitor (crenigacestat) showed high toxicity and limited clinical
activity (Table 2).

A Phase II trial testing a NOTCH pathway inhibitor (AL 101) is currently ongoing (AL 101, NCT03691207).

Discussion
AdCC of the salivary glands remains a challenging tumour. This review discusses the diagnostic elements of this entity
and focuses specifically on the available non-surgical management options.

The histoprognostic classification is still debated: currently, there is no consensus on the use of a two- (presence or
absence of solid architecture) or three-grade classification.

The analysis of histological reports of a recent REFCOR series has shown great variability in histological description
from one practitioner to another.”®

A two-grade classification could therefore be recommended, although an experts’ consensus would be worth seeking
on this issue.

The work-up is the same as in other salivary gland malignancies, but the TEP PSMA could open therapeutic
prospects.***?

Surgery remains the gold standard and PORT is now recommended in all AACC. However, this recommendation
relies on intermediate quality evidence: PORT could still be discussed in early stages of the disease after a resection with

clear margins.
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Table 2 Targeted Therapies Tested in Scientific Literature: Therapeutic Targets and Main Results (Non-Exhaustive List)

Molecules Targets Authors Year of N (Patients) | Complete Partial Stabilization
Publication Response | Response N(%)
Axitinib VEGF, PDGFR, Ho et al®' 2016 33 0 3 25 (76)
C-Kit
Bortezomib + 26s proteasome, Argiris et al® 2011 24 0 0 17 (71)
NF-kB
Doxorubicine
Cetuximab EGFR Locati et al®® 2009 23 0 0 20 (87)
Dovitinib FGF Dillon et al®* 2017 34 0 2 22 (65)
Keam et a® 2015 32 0 I NA
Everolimus mTOR Kim et al® 2014 34 0 0 27 (79)
Gefitinib EGFR Jakob et al”® 2015 37 0 0 0 (0)
Imatinib C - Kit Pfeffer et al”® 2007 10 0 0 2 (20)
Hotte et al®’ 2005 16 0 0 9 (56)
Lin et al®® 2005 5 0 NA I (20)
Ochel et al®’ 2005 4 0 NA I (25)
Lapatinib EGFR Agulnik et al” 2007 29 0 0 4(15)
ErbB2
Lenalidomide + Kinase Ganesan et al’' 2014 9 0 0 2 (22)
Sorafenib EGFR
Sorafenib VEGF, PDGFR, Locati et al*® 2016 19 0 2 9 (47)
BRAF, RET, C-Kit
Sunitinib VEGF, PDGFR, Chau et al” 2012 13 0 0 I (85)
C-Kit
Vorinostat Histone Ramalingam et al’® 2007 3 0 0 0 (0)
desacetylase
Goncalves et al®* 2017 30 0 2 27 (90)
Crenigacestat Notch Even et al”® 2020 22 0 0 4(18)
Lenvatinib VEGF, FGF, C-Kit, | Tchekmedyian et al”® 2019 33 0 5 25 (75)
PDGFR, RET
Locati et al”’ 2020 28 0 3 22 (77)

The SANTAL/ GORTEC 2016-02 trial, which is currently ongoing, will provide some answers to the question of
whether chemotherapy can be used to potentiate radiotherapy in patients with cancer of the salivary glands. Its main

objective is to assess the impact on progression-free survival of potentiating adjuvant radiotherapy with high-dose

cisplatin for salivary gland cancers of every histology (NCT02998385).

Targeted therapies have not provided convincing results to date (Table 2). They show a small number of partial

responses, no complete response, and a variable level of stabilization. It should be noted that disease stabilization is

a poor indicator in AdCC, where little or no progression of metastases can be observed for several years even in the

absence of treatment.

MYB-NFIB mutation could be a potential therapeutic target, but the drug is not available to date.
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Conclusions
The therapeutic strategy for patients with head and neck AdCC remains a challenge. Surgery for the primary site forms
the gold standard whenever possible. PORT is recommended, though its modalities remain controversial.

Thanks to a better understanding of AdCC oncogenesis, progress has been made in the field of therapies targeting
molecular biomarkers. It is thus useful to discuss the cases in molecular tumor boards.

However, the use of these therapies is currently limited to clinical trials for patients with advanced tumours and their
effectiveness is still poor in terms of complete or partial response.

Other research prospects have yet to be examined, such as the study of druggable markers in molecular imaging,
developing a therapy targeting the MYB-NFIB fusion transcript, or analyzing immunotherapy potency in patients with
AdCC.

Alliances between reference centers specializing in the treatment of rare cancers, such as the French national network
on rare head and neck tumours REFCOR or the European reference network on rare cancers EURACAN, could allow the
development of more powerful fundamental and clinical studies.
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