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1 Summary

Salivary gland carcinomas represent a histologically extremely heterogeneous group of tumors
of the major and minor salivary glands in the upper aerodigestive tract. The treatment of carci-
nomas of the major salivary glands predominantly follows common principles, while the treat-
ment of tumors of the minor salivary glands is based more on the localization and treatment
principles for head and neck carcinomas of the same localization. Only carcinomas of the sali-
vary glands are presented in this guideline. Close multidisciplinary cooperation between the
involved specialists is an important prerequisite for the optimal treatment of patients with sali-
vary gland carcinomas. A curative therapy approach is pursued for salivary gland carcinomas in
both early and locally advanced tumors. The curative treatment of choice is surgery of the pri-
mary tumor and, if necessary, of the locoregional lymph node metastases. Definitive
radio(chemo)therapy is given to patients who cannot undergo surgery. In high-risk patients,
postoperative radiotherapy is carried out. Systemic tumor treatment is reserved for non-cura-
tively treatable patients with distant metastases or recurrent tumors unsuitable for local ther-
apy. In recent years, molecular diagnostics have become increasingly important to facilitate
personalized treatment decisions particularly for patients with relapsed or metastatic tumors.

2 Basics

2.1 Definition and basic information

Primary salivary gland carcinomas are epithelial malignancies of the major and minor salivary
glands in the upper aerodigestive tract. Salivary gland carcinomas are differentiated according
to localization (parotid gland, submandibular gland, lingual gland minor salivary glands) and
histology. Secondary salivary gland cancers from other primary malignancies must be distin-
guished from these; this is particularly important if a squamous cell carcinoma is histologically
detected in the parotid gland tumor [1].

2.2 Epidemiology

Salivary gland carcinomas account for less than 6% of malignant neoplasms in the head and
neck region, which are further subdivided into more than 24 histological subtypes according to
the 2017 WHO classification of head and neck tumors (more details in section 5.5.2 Histology)
[2]. Salivary gland carcinomas are therefore a heterogeneous group of head and neck tumors
[3]. They are also tumors with an incidence of 0.5-2 patients per 100,000 people per year [4].
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About 20% of all salivary gland tumors are malignant. The smaller the affected salivary gland,
the higher the risk that it is a malignant tumor: almost 100% of tumors of the lingual gland and
about 60% of small salivary gland tumors are malignant. The prevalence is highest in the 4th to
5th decade of life, with no clear gender predominance worldwide; some histologic subtypes
show slight gender differences [5- 7]. About 2% of carcinomas occur in children up to 10 years
of age and about 16% of patients are younger than 30 years of age [8, 9].

According to most national population-based studies, no relevant change in incidence rates has
been observed in recent years, except for the USA, where an increasing incidence is reported
without the causes being identified [6]. The interactive internet-based platform Global Cancer
Observatory, which includes the GLOBOCAN data, predicts an increase in salivary gland carci-
nomas in Germany from 1 patient per 100,000 people per year in 2022 to 1.22 patients per
100,000 people per year in 2045 [10]. In the studies and statistics mentioned, a distinction is
made at best between carcinomas of the parotid gland (ICD: C07) and all other carcinomas
(ICD: C08). A more detailed analysis of the cancer registry data from North Rhine-Westphalia
for 2009-2018 did not show any changes in incidence rates over the past years [6]. In this
study, all squamous cell carcinomas were excluded due to the problem of differentiating
between primary and secondary carcinomas. In Thuringia, an increase in salivary gland carcino-
mas was observed for many histological types between 1996 and 2011 (squamous cell carcino-
mas included) [5]. However, it should be noted that the incidence of cutaneous squamous cell
carcinoma in Germany has approximately doubled since the 2000s [11]. It can therefore be
assumed that secondary squamous cell carcinomas in the parotid gland have also increased
during this period, i.e., metastases into the parotid gland from tumors of other locations were
not separated from primary tumors of the parotid gland. This inaccuracy must also be taken
into consideration when looking at the current data from the Robert Koch Institute (RKI), as all
(primary and secondary) salivary gland malignancies are grouped together here (Figure 1).
Between 1999 and 2019, there was a significant increase in malignancies in the parotid gland
in men and a slight increase in women in Germany. It can be assumed that this increase in men
is not due to primary salivary gland carcinomas, but to secondary tumors, mainly due to metas-
tases from squamous cell carcinomas of the skin. For all other localizations, no changes are
seen in the RKI data for either sex. In 2019, 365 women and 566 men were diagnosed with
tumors in the parotid gland in Germany. In the other localizations, 102 women and 159 men
were affected. The corresponding numbers of death for Germany can also be seen in Figure 1.
The increasing incidence of salivary gland tumors is reflected in the number of deaths. In 2019,
103 women and 188 men died from parotid carcinoma. 34 women and 35 men died from sali-
vary gland carcinomas of other locations. Since salivary gland carcinomas of the minor salivary
glands in particular are not always registered as salivary gland carcinomas, but instead as head
and neck tumors of the corresponding location, an underestimation of the number of cases can
be assumed here.



Figure 1: RKI data of new cases and deaths for malignancies of the parotid gland and added up for

all other salivary gland tumors, for the years 1999 to 2019*
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Legend:
*(database query at the Center for Cancer Registry Data; accessed: 15 January 2024). As described in the
text, methodological inaccuracies must be taken into account when interpreting the figures.

In its report "Cancer in Germany for 2019/2020", the RKI publishes, as before, only a summary
of the survival rates of patients with salivary gland carcinomas (Figure 2). According to this, the
5-year survival rate in 2019/2020 was 76% for women and 58% for men [12]. In North Rhine-
Westphalia, the average relative 5-year survival rate for all patients between 2009 and 2018
was 69% [6]. In Thuringia, the 5-year and 10-year survival rates between 1999 and 2011 were
60.1% and 48.2% respectively. [5]. The most important prognostic factors are the TNM formula,
the histological type and the tumor grading. Carcinomas of the minor salivary glands are rarely
considered separately in population-based studies. Five-year survival rates of 76-86% are
reported for carcinomas of the minor salivary glands [13]. The risk factors for poorer survival do
not differ in comparison to carcinomas of the major salivary glands.



Figure 2: Relative 5-year survival by localization and gender, ICD-10 C00-C14, Germany, 2019-2020;
Excerpt from the RKI report "Cancer in Germany for 2019/2020". Relative 5-year survival compared
to other head and neck tumors highlighted in yellow [12].
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2.3 Pathogenesis

The pathogenesis of salivary gland carcinomas is unclear. Two concepts are currently being dis-
cussed: The histogenetic concept assumes that the histologically very different tumor types
(see chapter 5.2.2 Histology) develop from the various cell types of salivary gland tissue. The
various tumors are thought to evolve from the basal cells or the acinar cells of the glandular
acini or the glandular duct sections through pathological replication [14]. According to the mor-
phogenetic concept, tumors develop from stem cells in the gland, and aberrant pathological
gene expression influenced by the microenvironment along with epigenetic changes give rise
to the various tumor types [14, 15].

2.4 Risk factors

Past exposure to ionizing radiation is the only reliably proven risk factor [16]. This may have
been previous radiotherapy in the head and neck area. Exposure to radioactive substances is
probably another risk factor. There also appears to be an association with occupation in the
rubber manufacturing industry, the hair and cosmetics industry and grain/vegetable cultivation
[16- 18]. Lymphoepithelial carcinoma occurs more frequently in patients with AIDS, and the
tumors may contain Epstein-Barr virus (EBV) components [19, 20], however, the pathogenic
role of HIV or EBV infection is not clear. Overall, the factors mentioned are only responsible for
a very small proportion of tumors. In most cases, no cause can be identified. Age is an associ-
ated factor, as the incidence increases significantly after the age of 50-60 years.

3 Prevention and early detection

3.1 Prevention

There are no general recommendations for prevention.



3.2 Early detection

There are currently no specific screening instruments for early detection of salivary gland carci-
nomas. Patients who have undergone radiotherapy to the head and neck area for another
malignancy should have their salivary glands examined if they observe any changes.

4 Clinical characteristics

The predominantly non-specific symptoms depend on the location of the salivary gland tumor.
In line with other malignant tumors in the head and neck area, symptoms such as weight loss
and local pain may occur. The most common symptom is local swelling. In terms of their clinical
appearance, malignant tumors often do not differ from the much more common benign tumors
here. In the majority of cases, malignant tumors show no typical signs of malignancy [21],
which may be invasion of the tumor into the surrounding area, skin infiltration (both of which
are associated with poor tumor mobility), rapid growth or facial nerve palsy in tumors of the
parotid gland or submandibular gland. In the parotid gland, most salivary gland carcinomas are
located in the superficial lobe and invade the deep lobe as they continue to grow. In benign
tumors of the minor salivary glands on the hard palate, ulceration (which occurs due to a lack
of space for expansion) can falsely simulate a malignant tumor. A salivary gland tumor (espe-
cially in the area of the parotid gland) can also appear as an incidentaloma (e.g., during a
positron emission tomography-computed tomography [PET-CT] scan ordered for other reasons).
Incidentalomas are usually benign salivary gland tumors or may be metastases of other tumors
[22].

5 Diagnosis

5.1 Diagnostic procedures

In addition to a detailed medical history, a combination of inspection, palpation and mirror
examination is part of the diagnostic standard. In addition, as with all head and neck tumors,
performance status, nutritional status, psychosocial history, dental status and an assessment of
speech and swallowing function should be obtained. A geriatric assessment is also recom-
mended for patients over 65 years of age [23]. The further procedure depends on the location
of the salivary gland tumor. An overview is given in Table 1. In patients with facial nerve palsy,
a classification of the extent (grading) and an electrophysiological examination are carried out
to objectify the severity of the damage [24].

If the histopathological examination of a tumor of the parotid gland reveals a squamous cell
carcinoma, a search of a primary tumor must be performed. Primary squamous cell carcinoma
of the parotid gland is extremely rare and is a diagnosis by exclusion [25]. As cutaneous squa-
mous cell carcinomas are the most commonly detected primary tumor localization, a careful
examination of the body surface and an evaluation of eventual previously removed skin tumors
should be performed. If risk factors for head and neck squamous cell carcinoma are present
(see Onkopedia guideline on head and neck squamous cell carcinoma), panendoscopy should
be considered.

5.1.1 Imaging

Ultrasound examination (US) of the soft tissues of the neck is the gold standard for the initial
examination of tumors of the large salivary glands. In contrast, tumors of the minor salivary
glands can be assessed directly by inspection or endoscopy and are poorly or not at all accessi-
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ble for US. Salivary gland tumors, particularly in the superficial lobe of the parotid gland, sub-
mandibular gland or sublingual gland, are adequately visualized by US [26].

Magnetic resonance imaging (MRI) using contrast medium (CM) is the diagnostic method of
choice for deeper-seated tumors in the parotid gland as well as for tumors that extend into the
parapharyngeal space or tumors that cannot be completely visualized by ultrasound. If no MRI
with CM is available, computed tomography (CT) may be used. Both US and MRI/CT can also be
used for staging of the neck. If a malignancy is already suspected, an MRI with CM is strongly
recommended. MRI facilitates the detection of perineural spread, bone invasion and meningeal
infiltration. The specificity of US, CT=CM, MRI£CM and also positron emission tomography-com-
puted tomography (PET-CT) are not sufficient to unequivocally prove a malignant tumor. Only
histological confirmation (see chapter 5.2.2 Histology) enables a definitive diagnosis. To
exclude distant metastases to lungs and/or abdomen, a thoracic and abdominal CT are recom-
mended for patients with advanced tumors (from stage T3 NO or N1).

In the case of a nodal-positive salivary gland tumor, i.e., also in high-grade subtypes, an FDG-
PET-CT scan can be helpful for optimizing treatment planning. The most common localization of
distant metastases is the lung. Bone metastases are the second most common site of distant
spread [27]. Although the sensitivity of FDG-PET-CT is comparable to conventional CT imaging,
a small monocentric study showed a higher specificity for the exclusion of distant metastases
[28]. However, this should first be confirmed by more extensive studies before recommenda-
tions can be derived from this.

The recommendations for diagnosis and staging are summarized in Table 1.
Table 1: Diagnostic procedures for salivary gland squamous cell carcinoma
Comment

Procedure

Physical examination Including an examination of the head and neck

Dental status

Laboratory tests

Ultrasound of the soft tissues of the neck

Magnetic resonance imaging (MRI) of the soft tissues of the neck
with contrast medium (CM)

Computed tomography (CT) scan of the soft tissues of the neck
with CM

Thoracic and abdominal CT scan

Fine needle aspiration cytology (FNAC)
Core needle biopsy (CNB)

Excisional biopsy

Panendoscopy

Fluorodeoxyglucose positron emission tomography-computed
tomography (FDG-PET-CT)

Relevant if radiotherapy is planned

Blood count, liver and kidney function parameters, coagulation,
TSH

For the evaluation of a primary tumor of the large head salivary
glands and for staging the soft tissues of the neck

Tumor staging

If no MRI of the soft tissues of the neck is feasible

Tumor staging for advanced tumors (from cT3/T4 NO or N1)
Cytological detection of malignant cells in the tumor
Alternative to FNAC

For small tumors of the minor salivary glands

In the case of squamous cell carcinoma of the salivary glands, if
no cutaneous squamous cell carcinoma of the head and neck is
present or has previously been treated

In selected cases, e.g., additive staging of distant metastatic
tumors



5.1.2 Fine needle aspiration cytology, core needle biopsy and excisional
biopsy

Fine needle aspiration cytology (FNAC) is the standard cytological procedure that can help to
detect a malignant salivary gland tumor of the parotid or submandibular gland preoperatively.
It is controversially discussed whether the FNAC can distinguish a benign tumor from a highly
differentiated salivary gland carcinoma with sufficient certainty. FNAC can also be combined
with an US examination, which facilitates the puncture of relevant regions within the tumor.
There is no consensus classification system for cytologic evaluation neither internationally nor
in Germany. Evaluation using the Milan system is often recommended [29, 30]. FNAC requires
the availability of a cytopathologist experienced in the diagnosis of salivary gland carcinomas.
An alternative to FNAC is the core needle biopsy (CNB). Performing a CNB under US control also
increases the informative value of the results [31]. The tissue sample obtained by CNB allows a
histopathological examination. On the other hand, the risk of bleeding is increased with CNB
and there is also a theoretical risk of tumor cell spread and injury to the facial nerve [32]. Like
FNAC, CNB is well suited to obtaining information about the malignancy of the tumor [33]. To
date, there are no prospective studies directly comparing FNAC and CNB in this setting. For
tumors of the minor salivary glands, excisional biopsy is recommended, if feasible, as a punc-
ture or incisional biopsy can often lead to substantial histological misinterpretations (including
benign versus malignant) [34].

An overview of preoperative diagnostic procedures is summarized in Figure 3.
5.1.3 Intraoperative frozen section

An intraoperative frozen section as part of definitive tumor surgery only plays a role in the
detection of a malignant tumor due to its lower reliability in salivary gland carcinomas if the
FNAC and CNB have given an unclear result and/or if a very specific clinical situation is present.
However, the intraoperative frozen section may increase the reliability of a complete tumor
resection (RO resection), as is also the case with extensive tumors.



Figure 3: Algorithm of the main diagnostic steps.

Salivary gland carcinoma
(or suspected)
No MRI available CT of neck soft tissues
(with CM)

Ultrasound of neck soft tissues
MRI of neck soft tissues with CM

Major or minor
parotid gland affected? Tumor of minor parotid gland:
excisional biopsy, if feasible

{ Tumor of major parotid gland }

No fine needle
aspiration available
4’[ Core needle biopsy ]

[ Fine needle aspiration cytology }

Facial nerve palsy
Facial nerve (electro)diagnostics
Cutaneous squamous cell
carcinoma suspected Cutaneous exploration;
panendoscopy

[ Stages I/ll I Stages I1I/IV ]—b[ Thoracic + abdominal CT scan }

Stage IVc
4’[ Optional PET-CT ]

Treatment planning ]

Legend:
CM = contrast medium; MRl = magnetic resonance imaging, CT = computed tomography,; PET = positron
emission tomography.

5.2 Classification

5.2.1 Staging

The current TNM classification for tumors of the major head and neck salivary glands is shown
in Table 2, and the UICC classification of stages is shown in Table 3. Tumors of the minor sali-
vary glands are subdivided according to the TNM classification for head and neck tumors of the
respective region (see Onkopedia guideline Head and neck squamous cell carcinoma).

The parotid gland contains up to 20 intraparotid lymph nodes. Metastatic involvement of these
lymph nodes in carcinomas of the parotid gland has prognostic significance independent of
metastatic involvement of the cervical lymph nodes [35]. It is unsatisfactory that the TNM clas-
sification still does not provide a clear recommendation as to how intraparotid lymph node
metastases should be classified. A non-official recommendation is that these should be
included in the N category.
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Table 2: TNM classification of malignant tumors (8th edition) for salivary gland carcinomas [36]

T category

TX Primary tumor cannot be assessed

TO No evidence of primary tumor

Tl Tumor < 2 cm in largest dimension, without extraparenchymal extension

T2 Tumor > 2 cm, but = 4 cm in largest dimension, without extraparenchymal extension

T3 Tumor > 4 cm in size and/or with extraparenchymal spread

T4a Tumor invades skin, lower jaw, external auditory canal, facial nerve

T4b Tumor invades base of skull, pterygoid process or surrounds the carotid artery

N Category

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastases

N1 Metastasis in solitary ipsilateral lymph node, = 3 cm in greatest extent, without extranodal spread

N2a Metastasis in solitary ipsilateral lymph node, > 3 cm but = 6 cm in greatest extent, without extranodal
spread

N2b Metastases in multiple ipsilateral lymph nodes, > 3 cm but = 6 cm in greatest extent, without extranodal
spread

N2c Metastases in bilateral or contralateral lymph nodes, = 6 cm in greatest extent, without extranodal
spread

N3a Metastasis(es) in lymph nodes, > 6 cm in greatest extent, without extranodal spread

N3b Metastasis(es) in a single or multiple lymph nodes, with extranodal spread

M Category

MO No distant metastases

M1 Distant metastasis(es)

Table 3: Stages of carcinomas of the major salivary glands according to the Union internationale contre le cancer (UICC)

Stage T N M
0 Tis NO MO
| Tl NO MO
Il T2 NO MO
1} T3 NO MO
T1,7T2,T3 N1 MO
IVA T4a NO, N1 MO
T1,T2,T3, T4a N2 MO
IVB Each T N3 MO
T4b Each N MO
IvC Each T Each N M1
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5.2.2 Histology

Salivary gland carcinomas are assessed according to the current 5th edition of the WHO classi-
fication 2022 [37] (Table 4). Some of the new WHO definitions are to be regarded as provisional
and some others are considered controversial among pathologists [38]. Genetic aberrations
(often translocations) are (in contrast to many other organs) very often entity-specific and can
therefore be used as an additional valuable diagnostic criterion when histologic diagnosis is dif-
ficult (Table 5). In contrast to other head and neck carcinomas (oral cavity, pharyngeal and
laryngeal tumors), the necessity of grading (G) in salivary gland carcinomas is controversially
discussed [38]. Only a few of the malignant epithelial tumors show a variable grading from low-
to high-grade malignancy. In most cases, the tumors are exclusively low-malignant (e.g., poly-
morphous adenocarcinoma) or only highly malignant (e.g., salivary duct carcinoma). Unfortu-
nately, the WHO 2022 classification still does not state whether pathologists should use a
dichotomous (low versus high malignancy) or a tripartite system (G1, G2, G3) [38].

The histomorphological diagnosis of tumors of small salivary glands is generally much more dif-
ficult than for tumors of large salivary glands, and thus leads more frequently to therapeutically
relevant misdiagnoses. The most important reasons for this are: incisional biopsies are often
performed initially (too small and too superficial), the carcinomas almost always show a high
degree of tumor differentiation (without cell atypia), and the special location on the hard palate
often leads to ulceration, necrosis and inflammation due to lack of space, which makes diagno-
sis very difficult. An important recommendation is therefore to always perform a resection
(excisional biopsy) instead of a biopsy/incisional biopsy for tumors of the minor salivary glands,
if possible [39].

If the pathohistological examination of a tumor of the parotid gland reveals a squamous cell
carcinoma, it is most likely a metastasis from a squamous cell carcinoma of a different primary
site. Cutaneous squamous cell carcinomas of the head and neck region most frequently metas-
tasize to the parotid gland.

Table 4: Malignant epithelial tumors of the salivary glands according to the WHO classification 2022 [37]

Mucoepidermoid carcinoma Myoepithelial carcinoma

Adenoid cystic carcinoma Epithelial-myoepithelial carcinoma

Acinar cell carcinoma Mucinous adenocarcinoma

Secretory carcinoma Sclerosing microcystic adenocarcinoma

Microsecretory adenocarcinoma Carcinoma ex pleomorphic adenoma

Polymorphic adenocarcinoma Carcinosarcoma

Hyalinizing clear cell carcinoma Sebaceous adenocarcinoma

Basal cell adenocarcinoma Lymphoepithelial carcinoma

Intraductal carcinoma Squamous cell carcinoma

Salivary duct carcinoma Salivary gland carcinoma, NOS and developing entities

Sialoblastoma

Legend:
NOS = not otherwise specified

12



5.2.3 Immunohistology

Given the variety of salivary gland entities with sometimes strongly overlapping histomorpho-
logic features and often difficult differentiation of benign adenomas from highly differentiated
carcinomas, the immunohistologic findings (e.g., cytokeratin subtypes, myoepithelial markers,
etc.) can be helpful, but is often substantially limited. More specific immunohistochemical sur-
rogate markers, such as NR4A3 and panTRK, may be diagnostically helpful [40]. For example,
positive expression of NR4A3 can support the diagnosis of acinar cell carcinoma, particularly in
cases of unusual morphology. And typically, NTRK3-translocated secretory carcinomas show
immunohistochemical nuclear expression of panTRK. The overexpression of androgen receptor
(AR) and HER2/neu is therapeutically relevant, especially in salivary duct carcinoma, as these
alterations can be targeted therapeutically [41]. RAS(Q61R) immunohistochemistry can be used
as a surrogate marker to indicate a corresponding HRAS mutation, as is relevant for epithelial-
myoepithelial carcinoma.

5.2.4 Molecular pathology

Molecular typing can be particularly useful for classifying unusual morphological variants (Table
5). In particular, gene fusions generally show a high specificity. The detection of recurrent NTRK
or RET gene fusions is not only of diagnostic significance, but can also be used for potential tar-
geted therapy [40].

Table 5: Salivary gland malignancies with diagnostically relevant mutations (in the case of translocations, the most
frequent translocation partners) according to lhrler et al. [38].

Histological tumor type
Mucoepidermoid carcinoma
Hyalinizing clear cell carcinoma
Adenoid cystic carcinoma

Secretory carcinoma

Carcinoma ex pleomorphic adenoma

Salivary duct carcinoma

Polymorphic adenocarcinoma
Cribriform adenocarcinoma
Acinar cell carcinoma
Microsecretory adenocarcinoma
Intraductal carcinoma
Mucinous adenocarcinoma

Epithelial-myoepithelial carcinoma

6 Therapy

Genetic aberrations

CRTCI1::MAML2; CRTC3::MAML2

EWSRI1::ATF1

MYB::NFIB; MYBL1::NFIB

ETV6::NTRK3; ETV6::RET

PLAGI1rearr; HMGAZrearr; ERBB2ampl; MDM2ampl; TP53mut; ARampl

ALKrearr; ERBB2ampl; PTENdel; HRASmut; BRAFmut; ARampl;
PIK3CAmut; TP53mut

PRKD1-E710D

PRKD1/2/3rearr

NR4A3rearr

MEF2C::5518

NCOA4::RET; TRIM27::RET; HRASmut
AKT1-E17K

HRASmut

The curative treatment of choice is surgery. Specific factors determine whether postoperative
radiotherapy is recommended. Chemotherapy alone has no role in standard curative therapy. In
the case of inoperable tumors, radiotherapy is primarily used. Chemotherapy or other systemic
tumor therapy is used for inoperable recurrent tumors or distant metastatic tumors, i.e., when
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local therapy (repeat surgery or radiotherapy) is not an option. Figure 4 provides an algorithm
for curative therapy.

6.1 Surgery of the primary tumor

Surgical removal of a salivary gland carcinoma with tumor-free resection margins is the cura-
tive treatment of choice. Tumor resection is performed en bloc with a safety margin of 2 cm at
best [42]. In the case of tumors of the submandibular gland, resection includes at least the
entire gland. For parotid malignancies, the conservative standard is total parotidectomy
(parotidectomy level | to IV according to the European Salivary Gland Society (ESGS) classifica-
tion) [26, 43]. Small monocentric case series indicate that lateral parotidectomy (parotidec-
tomy level I/ll according to ESGS classification) may also be sufficient for small, low-grade
tumors (T1/T2) if tumor-free safety margins are ascertained [44]. The decision to perform a
total parotidectomy for diagnosing intraparotid lymph nodes and to initiate adjuvant radiother-
apy should be discussed with the patient. However, grading is often only determined after
surgery when the final histology is available. If the tumor exceeds the boundaries of the organ,
extended surgery is indicated, eventually including reconstructive plastic surgery.

Some salivary gland tumors, especially those of the parotid gland, only turn out to be salivary
gland carcinomas after histopathological examination of the resected tissue. These are typically
resected under the suspicion of a benign tumor. If only a single-level parotidectomy was per-
formed in such cases, surgical revision to complete the total parotidectomy (level | to IV accord-
ing to ESGS) is recommended, unless the tumor is a T1/T2 tumor according to the above crite-
ria. It should be noted that surgical revision should be performed as soon as possible if the
facial nerve has already been visualized during the primary operation, as the facial nerve is
otherwise much more difficult to identify in scars and the risk of postoperative facial nerve
palsy increases significantly.

If facial nerve function is normal preoperatively and the facial nerve does not appear to be
involved by the tumor during surgery, the facial nerve is preserved. Surgery with magnifying
glasses or a surgical microscope and facial nerve monitoring is therefore recommended. Resec-
tion of the nerve, i.e., more radical surgery, provides no oncological advantage in terms of sur-
vival, but significantly worsens the patient quality of life [45]. If the facial nerve is involved, a
radical parotidectomy is performed with resection of the tumor-infiltrated parts of the nerve. In
many cases, this enables a one-stage nerve reconstruction with nerve interposition devices
[46]. Nerve reconstruction directly following tumor resection produces better functional results
than a two-stage procedure. The need for postoperative radiotherapy is no reason not to per-
form a one-stage reconstruction. If nerve reconstruction is not feasible, or does not appear ben-
eficial due to a life expectancy of < 1 year, or is not preferred by the patient, other measures
(dynamic muscle transfer, static sling procedures) can be performed in one or two steps. As the
protection of the eye is functionally very important, the implantation of an upper eyelid weight
is recommended for the rehabilitation of eye closure after facial nerve resection without or with
nerve reconstruction [47].
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Figure 4: Algorithm of essential steps for diagnosis and curative therapy.

Treatment algorithm
for salivary gland carcinoma stages I-IVb

inoperable Radiotherapy
or —
radiochemotherapy
FNAC or
Surgical resection of primary with 2 cm CNB unclear Intraoperative frozen
safety margin if feasible section

Parotid gland: usually total
parotidectomy (level I-IV); if TL/T2, Parotid gland: radical
consider limiting parotidectomy to Facial nerve palsy ey

certain levels whenever possible
facial nerve
reconstruction

Parotid gland, cNO and stages III/IV or high-risk;
all localizations when cN+Parotid gland, cN

[ Unilateral neck dissection ]

pT3/T4, intermediate-grade or high-grade tumors, ACC,
R+, N+, bone invasion, L1, V1, Pnl, tumor recurrence

[ Postoperative radiotherapy ]

{ Rehabilitation and follow-up ]ﬁ

Legend:
FNAC = fine needle aspiration cytology;, CNB = core needle biopsy; ACC = adenoid cystic carcinoma.

6.2 Surgery of soft tissues of the neck: neck dissection

Salivary gland carcinomas show cervical lymph node metastases in 10-40% of cases [48]. A
curative neck dissection should be performed in all patients with clinical or radiologic evidence
of cervical metastases [49]. There is no standard for the extent of curative neck dissection.
Depending on the primary tumor location, this should comprise levels llto IVorlto IV orlto V.
The inclusion of level V is controversial, as is the question whether this cannot also be ade-
quately treated electively with adjuvant radiotherapy.

An elective neck dissection should be performed prophylactically in patients with stage IlI/IV
salivary gland carcinoma of the major salivary glands and in high-grade cases (e.q., salivary
gland carcinoma NOS, squamous cell carcinoma, undifferentiated carcinoma, high-grade
mucoepidermoid carcinoma and carcinoma ex pleomorphic adenoma) [50]. This also applies to
adenoid cystic carcinoma, although this tumor type tends to metastasize hematogenously.
Neck dissection provides further important prognostic information, such as the presence of
extracapsular seeding, which is associated with a poorer prognosis. Elective neck dissection
should include neck levels Il and Ill for tumors of the parotid gland and neck levels | to Ill for
tumors of the other major and minor salivary glands. In general, however, elective neck dissec-
tion for tumors of the minor salivary glands is controversial [51].

6.3 Postoperative radiotherapy

Postoperative radiotherapy is indicated in the presence of at least one of the following risk fac-
tors [52]: advanced T-stage (T3/T4), high-grade tumor, close or positive resection margins (R+),
presence of lymph node metastases (N+), perineural sheath infiltration (Pnl), lymph vessel or
blood vessel invasion [L1 or V1]) [53, 54]. Surgery alone is therefore sufficient for early T1/T2
tumors without cervical metastasis or any of the other risk factors mentioned [54]. Adenoid
cystic carcinoma has a special position: here, adjuvant radiotherapy is indicated also for T1/T2
tumors, in the case of complete resection (R0O) and especially in the case of perineural invasion
[55].
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Postoperative radiotherapy can be administered for intermediate-grade tumors with a close
resection margin (1-3 mm) [56- 58].

When defining the target volume, a distinction is made between high-risk clinical target volume
(CTV) and elective CTV. The target volume should be defined on the basis of preoperative imag-
ing, histopathological findings, surgical report, and radiation planning CT using intravenous CM.
In the case of postoperative residual tumor, MRI imaging should be chosen for radiation plan-
ning. The former primary tumor region, the extent of the affected salivary gland, the resection
cavity and affected lymph node levels are included in the high-risk CTV.

The elective CTV contains areas with possible microscopic spread, including lymphatic drainage
areas or, in the case of perineural sheath infiltration, and the route of the corresponding nerve
tracts to the base of the skull. In the case of parotid carcinomas affecting the deep lobe, the
infratemporal fossa and the parapharyngeal space are also included [59- 61].

Elective lymphatic drainage irradiation is performed for T3/4 tumors, high-grade tumors and
proven lymph node involvement. In the case of lymph node involvement, at least the subse-
quent lymph node level should also be irradiated. As a rule, the elective lymph drainage areas
are irradiated ipsilaterally. In the case of malignancies of the parotid gland and multiple lymph
node metastases with extracapsular extension, bilateral irradiation of the lymph drainage areas
can be administered [62]. For malignancies of the submandibular gland and minor salivary
glands, bilateral irradiation of the lymphatic drainage areas should be applied in the presence
of midline infiltration or at least 2 of the following risk factors: pT3/4, proven lymph node
metastases, extracapsular extension, lymphatic vessel or vascular invasion. In the case of a
cNO situation, irradiation of the elective lymphatic drainage areas can be omitted in acinar cell
carcinoma and low/intermediate grade adenoid cystic carcinoma [63, 64].

The respective planning target volumes (PTV) result from the CTVs, taking into account the
individual positioning uncertainty (usually 3-7 mm expansion of the CTV).

In high-risk CTV, a normofractionated dose of at least 60 Gy should be applied and, in the case
of a close/positive resection margin and/or perineural sheath infiltration, at least a dose of
64-66 Gy [65- 68]. In elective CTV, a normofractionated dose of 50 Gy is applied.

Highly conformal radiation techniques (VMAT, IMRT) are standard today. In adenoid cystic carci-
noma and existing residual tumor postoperatively, heavy ion irradiation may be useful [65].

Additional chemotherapy such as postoperative radiochemotherapy has so far shown no advan-
tages over postoperative radiotherapy in retrospective analyses [69- 71]. However, there are
reports indicating that combined cisplatin-containing radiochemotherapy could improve local
tumor control, especially in adenoid cystic carcinomas [72, 73]. The results of the prospective
randomized trials (RTOG 1008, NCT01220583 and GORTEC 2016-02, NCT02998385) are pend-
ing. These studies investigate radiotherapy alone in the adjuvant situation or, in the GORTEC
study, in the definitive treatment setting versus combined cisplatin-containing radiochemother-
apy. In the adjuvant setting, simultaneous cisplatin-based radiochemotherapy can therefore be
given in individual cases.

6.4 Adjuvant systemic therapy

There are currently no prospective studies on adjuvant systemic therapy. Retrospective data
indicate a survival benefit from adjuvant therapy with trastuzumab after surgery and radiother-
apy in the case of Her2/neu expression DAKO3+ [74]. In addition, according to a retrospective
analysis, androgen deprivation using bicalutamide or an LH-RH agonist (goserelin, triptorelin),
as monotherapy or in combination, in stage IVa androgen receptor-positive salivary duct carci-
noma, given adjuvantly after postoperative radiotherapy over 1-5 years, could provide a sur-
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vival benefit over radiotherapy alone [75]. However, there is currently a lack of evidence for
this from prospective clinical trials.

6.5 Definitive radiotherapy or radiochemotherapy

Definitive radiotherapy is indicated for inoperable carcinomas, e.g., tumors involving the base
of the skull, or in patients with contraindications to surgery.

When defining the target volume, a distinction is made between high-risk CTV and elective CTV.
The target volume should be defined based on pre-therapeutic examination and imaging,
histopathological findings, a radiation planning CT with intravenous CM and an MRI. The high-
risk CTV should include the macroscopic primary tumor, the entire salivary gland and, if
present, lymph node metastases. The elective CTV contains areas with possible microscopic
spread, including elective draining lymphatic areas or the route of the corresponding nerve
tracts to the base of the skull [59, 60].

Elective lymphatic drainage irradiation is performed for T3/T4 tumors, high-grade tumors, ade-
nocarcinomas, mucoepidermoid carcinomas and proven lymph node involvement. In the case
of lymph node metastases, at least the subsequent lymph node level should also be irradiated.
As a rule, the elective lymph drainage areas are irradiated ipsilaterally. In the case of sub-
mandibular and minor salivary gland malignancies, bilateral irradiation of the lymphatic
drainage areas should be performed, if midline invasion is documented or if the risk factors
CT3/T4 and lymph node metastases are present [64].

The respective planning target volumes (PTV) result from the CTVs, taking into account the
individual positioning uncertainty (usually 3-7 mm expansion of the CTV). In high-risk CTV, a
normofractionated dose of at least 72 Gy should be applied [76, 77]. In elective CTV, a nor-
mofractionated dose of 50 Gy is given. Highly conformal radiation techniques (VMAT, IMRT) are
standard today.

As many salivary gland carcinomas grow slowly, there is a relative resistance to radiotherapy,
especially in the case of adenoid cystic carcinoma. Radiation qualities with high linear energy
transfer properties are therefore of interest for salivary gland carcinomas, such as carbon ions,
recently also in combination with proton therapy [78]. Data on particle therapy for salivary
gland carcinomas are only available for selected cases in mostly retrospective cohorts [79]. Par-
ticle therapy should therefore be evaluated as a possible alternative to irradiation with photons
if better dose application can be achieved in the vicinity of critical organs at risk.

Definitive radiochemotherapy may be considered. There are no clear criteria for the use of
definitive radiochemotherapy compared to definitive radiotherapy [73, 80]. There is also no
standard for the selection of chemotherapeutic agent(s). In most cases, cisplatin-based therapy
is used, referring to data on common head and neck tumors [78, 79, 81].

6.6 Therapy with non-curative intent: systemic treatment

There is no standard for the treatment of non-curatively treatable salivary gland carcinomas.
The rarity and heterogeneity of salivary gland carcinomas make it difficult to conduct large-
scale studies on systemic therapy. Accordingly, no large phase Il trial data are available in the
recurrent or distant metastatic treatment situation. Recommendations for systemic therapy are
therefore primarily based on the results of phase Il studies or molecularly stratified basket stud-
ies. A number of further phase Il trials using new substances are currently underway (overview
in: [15, 82, 83]). The majority of the therapies listed here have not been approved for use in
salivary gland carcinomas. It is therefore recommended to obtain the consent of the patient's
health insurance company before administration.
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The course of the disease in the metastatic situation is variable, and a relevant proportion of
patients remain asymptomatic for a long time. Accordingly, a watch-and-wait strategy is justi-
fied in selected cases (low tumor burden, stable disease, no symptoms). In particular, adenoid
cystic carcinomas (especially with an isolated pulmonary metastatic pattern), myoepithelial
carcinomas and acinar cell carcinomas may show only a slight growth tendency over a long
period of time [84- 86]. This also applies to second-line therapy after failure of first-line therapy.

Systemic therapy based on the treatment protocols for head and neck squamous cell carcino-
mas (HNSCC) is not recommended, as patients with salivary gland carcinoma were excluded
from these studies [87]. In addition, the use of immune checkpoint inhibitors - in contrast to the
frequent head and neck tumors - has not yet played a decisive role in salivary gland carcino-
mas. The immuno-oncological approaches with checkpoint inhibitors have so far not been con-
vincing in most cases of salivary gland carcinomas [88, 89].

In patients with high tumor burden and disease dynamics, systemic therapy with one or more
chemotherapeutic agents may be indicated. In an indirect comparison, combination chemother-
apies show higher response rates than monochemotherapy. Platinum-based chemotherapy reg-
imens (using cisplatin or carboplatin) are mainly used with dosages derived from the therapeu-
tic principles of systemic therapy for the common HNSCC, including the combination with
cyclophosphamide and doxorubicin (CAP regimen), platinum doublet with a taxane (not for ade-
noid cystic carcinoma) or with vinorelbine. The response rates are 20-60% [90, 91]. The combi-
nation of carboplatin and paclitaxel is also used in metastatic salivary duct carcinoma [92].
However, the extrapolation of treatment regimens from HNSCC to salivary gland carcinoma
should be made with caution, and the individual subtype of salivary gland carcinoma should be
taken into account. For example, the activity of paclitaxel in adenoid cystic carcinoma is very
limited and its use is therefore not recommended [93]. In the case of a reduced general condi-
tion, monochemotherapy with vinorelbine, cisplatin or epirubicin are possible treatment options
[90, 94, 95].

In >95% of cases of secretory salivary gland carcinoma, an ETV6-NTRK3 gene fusion is
detectable. It results in excessive tyrosine kinase activity. This makes targeted therapy possi-
ble. The two tyrosine kinase inhibitors entrectinib and larotrectinib are approved for the treat-
ment of NTRK-positive tumors and show good efficacy in secretory salivary gland carcinoma
[96, 97]. Entrectinib achieved a response rate of 57% in a collective of NTRK gene fusion-posi-
tive tumor patients. In the subgroup of 7 patients with secretory carcinoma, a response rate of
86% was reported [97]. Immunohistochemical TRK expression correlates with NTRK1I and
NTRK2 fusions, although the specificity appears to be lower in the case of salivary gland carci-
nomas compared to other solid tumors. RNA-based confirmation of gene fusion is necessary
before starting treatment with an NTRK inhibitor [98].

Anti-HERZ2 therapy should be considered for HER2-positive tumors. Up to 30% of mucoepider-
moid carcinomas and 40% of salivary duct carcinomas show HERZ overexpression. Phase Il
studies show very high response rates to HERZ2 blockade in this setting, e.g., with docetaxel
plus trastuzumab (response rate up to 70%) or ado-trastuzumab emtansine after trastuzumab
failure [99- 101]. The combination of trastuzumab and pertuzumab is a potential option for
patients with a contraindication to taxane therapy. According to a subgroup analysis of a basket
study, the response rate with trastuzumab and pertuzumab was 60% [102]. The antibody-
chemotherapy conjugate (ADC) trastuzumab-deruxtecan represents a new potential treatment
option. A response rate of 37% was achieved in a HER2-positive patient collective without other
treatment alternatives [103]. Among the 19 patients with HERZ2-positive salivary gland carci-
noma included in the study, the response rate was 42%. In the meantime, trastuzumab derux-
tecan has received tumor diagnostic approval in the USA for HER2-positive (IHC3+; immunohis-
tochemically triple positive) tumor diseases without satisfactory treatment alternatives. The
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decision regarding the extension of the approval by the European Medicines Agency remains to
be awaited.

RET gene fusions are a rare driver in non-small cell lung carcinoma, thyroid carcinoma or
tumors of the gastrointestinal tract. In salivary duct carcinomas and secretory carcinomas, the
corresponding fusions are described in a small, but relevant proportion. The selective RET
kinase inhibitor selpercatinib was investigated in a tumor-agnostic phase I/ll study. Among the
four patients with salivary gland carcinoma included in the study, the response rate was 50%
[104].

In a large-scale molecular profiling study of salivary gland carcinomas, BRAF alterations were
detected in 2.7% of all patients [105]. To date, there are case reports in the literature in which
clinical activity of corresponding inhibitors (dabrafenib and trametinib) was observed in
BRAF-altered salivary gland carcinomas [106].

Antiangiogenic substances represent a therapeutic option for adenoid cystic carcinoma. The
multi-tyrosine kinase inhibitor lenvatinib was investigated in a phase Il trial involving 33
patients with adenoid cystic carcinoma and progression following prior therapy. The response
rate with lenvatinib was 15%, and 75% of the group showed stabilization of the disease [107].
The tyrosine kinase inhibitors sorafenib and axitinib were also tested in phase Il trials in ade-
noid cystic carcinoma. A response rate of 16% was reported with sorafenib and 9% with axitinib
[108, 109]. It should be noted that disease progression before the start of treatment was not an
inclusion criterion in the studies mentioned. In another recent randomized phase Il study, axi-
tinib showed a significantly better progression-free survival rate at 6 months (73.0%) than a
wait-and-see approach (23.0%) in patients with recurrent or metastatic adenoid cystic carci-
noma [110]. The combination of axitinib with the checkpoint inhibitor avelumab was also inves-
tigated in relapsed or metastatic adenoid cystic carcinoma and resulted in an 18% response
with a progression-free survival of 7.3 months and an overall survival of 16 months in a non-
randomized study [111].

In contrast to other salivary gland carcinomas, salivary duct carcinomas very frequently exhibit
androgen receptor expression (80%). Androgen deprivation is a possible treatment option as
first-line therapy or as second-line therapy in the event of progression after chemotherapy or
low disease burden in the case of high nuclear androgen receptor positivity (=70%) [112] There
are reports indicating that patients with androgen receptor-positive salivary duct carcinoma or
salivary gland carcinoma NOS benefit from androgen deprivation therapy with leuprorelin or
bicalutamide [113, 114]. In a phase Il study, the combination of leuprorelin and bicalutamide
achieved a response rate of 40% in salivary gland carcinoma [115]. In a castration-resistant sit-
uation, the use of bicalutamide plus LHRH agonists was clinically effective according to a phase
Il study [116]. For second-line therapy, the use of abiraterone should be weighed against enza-
lutamide or chemotherapy. In a phase Il study of 24 patients, abiraterone resulted in disease
control in 62% and a median PFS of 3.6 months [116]. Enzalutamide achieved disease control
in 67% of study participants, which translated into a median PFS of 5.6 months and overall sur-
vival of 17 months [117]. In double HERZ2-positive/androgen receptor-positive salivary duct car-
cinoma, HERZ2 blockade and androgen deprivation therapy can be given sequentially [118].
However, the optimal treatment sequence for these double-positive salivary gland carcinomas
has not yet been defined.

Especially before second-line or third-line therapy, it is recommended that patients be pre-
sented to a molecular tumor board. The possible targets for a personalized treatment decision
are shown in Table 6.
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Table 6: Molecular targets for targeted therapy****+*

Target

ETV6-NTRK gene fusion

Androgen receptor

HER2/new

PI3KCA

RET gene fusion

BRAF p.V600E

PD1/PD-L1

+ CTLA-4

VEGFR

EGFR
c-MET

NOTCH

Legend:

Therapeutic agents*

Larotrectinib
Entrectinib
Selitrectinib

Bicalutamide
Leuprorelin
Abiraterone acetate

Trastuzumab (% pertuzumab)
Ado-trastuzumab emtansine

Alpelisib

Selpercatinib

Dabrafenib
Trametinib

Nivolumab
Pembrolizumab
Avelumab

Nivolumab + ipilimumab

Axitinib
Lenvatinib
Sorafenib
Cetuximab

Cabozantinib**

CB-103 (Limantrafin)
Nirogacestat***

Histological type

Secretory carcinoma

Salivary duct carcinoma
Salivary gland carcinoma NOS

Salivary duct carcinoma
Adenocarcinoma* ¥
Mucoepidermoid carcinoma

Salivary duct carcinoma
Adenocarcinoma****

Salivary duct carcinoma

Salivary duct carcinoma

Unselected or with positive PD-L1 status, TMB/MSI
high; the combination mentioned are for all tumors
except adenoid cystic carcinoma; possible in combi-
nation with VEGFR inhibitor in adenoid cystic carci-
noma

Unselected, but especially for adenoid cystic carci-
noma

Unselected
Adenoid cystic carcinoma

Adenoid cystic carcinoma

*Most of the drugs are not approved for use in salivary gland carcinomas. Here, consent should be obtained from the
patient's health insurance company before administration (see Approval status);

*¥cave: very toxic; especially wound healing disorders in pre-irradiated areas [120]

*¥¥To date, there are no publications on salivary gland carcinoma, proven efficacy in desmoid tumors [119]

*+R¥X The studies partly used an older terminology for the classification of salivary gland tumors

R after: [82, 83] supplemented by [100, 104, 119, 120]

TMB = Tumor Mutational Burden, MSI = Microsatellite Instability;

Figure 5 shows how molecular testing supports the treatment decision for systemic therapy.
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Figure 5: Diagnostic algorithm for systemic therapy taking molecular diagnostics into account.
Update and extension of the illustration from: [121].
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Legend:

1 early presentation to the molecular tumor board;

2 approved for non-small cell lung carcinoma and thyroid carcinoma with proven RET alteration;

3 preferably cis-/carboplatin plus cyclophosphamide plus doxorubicin (CAP), alternatively cis-/carboplatin plus
docetaxel/paclitaxel or plus vinorelbine; in case of severe comorbidity, monotherapy with vinorelbine, cisplatin
or epirubicin;

4 MASC - mammary analogue secretory carcinoma;

> MEC - mucoepidermoid carcinoma;

6spC - salivary duct carcinoma;

7 NOS - not otherwise specified;

8 preferred option;

9 leuprorelin or bicalutamide or leuprorelin plus bicalutamide; if indicated, switch to enzalutamide or abi-
raterone/prednisone;

10 paclitaxel or docetaxel, alternatively carboplatin plus paclitaxel;

11 gMMR - mismatch repair deficiency;

12 MSI-H - high microsatellite instability;

13 TMB-high - tumor mutation burden > 10 mutations per megabase;

14 if a suitable molecular target is available, based on the recommendation of the molecular tumor board;

15 preferred in sequence: first-line with tyrosine kinase inhibitor + checkpoint inhibitor and chemotherapy for
second-line
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6.7 Treatment of local recurrence and distant metastases as a relapse
of salivary gland carcinoma

Relapse of salivary gland carcinoma is often very aggressive, with a high risk of distant metas-
tases [122]. Salvage surgery is only possible in selected cases. After resection of a locoregional
relapse, radiotherapy is indicated postoperatively in non-pre-irradiated patients as in the pri-
mary treatment setting (see chapter 6.3.). Radiotherapy should be performed for locally inoper-
able or incompletely resected locoregional relapses that have not been previously irradiated,
and heavy ion irradiation should be considered for adenoid cystic carcinomas. Re-irradiation
with heavy ions or highly conformal stereotactic techniques should be considered for pre-irradi-
ated, locally inoperable or incompletely resected relapses [123, 124].

With regard to distant metastases, adenoid cystic carcinoma is a special case: hematogenous
metastases occur in 25-50% of patients in the long-term course [125]. Due to the slow growth,
patients with adenoid cystic carcinoma can still have a long life expectancy. For this tumor
type, resection of lung metastases for local pulmonary control of the disease is therefore also
an option [126]. Alternatives to resection of metastases include other local ablative procedures
such as radiofrequency ablation or stereotactic radiotherapy [127].

For the use of systemic treatment for recurrent tumors, please refer to chapter 6.6.
6.8 Special situation: salivary gland carcinomas in children

About 5% of all salivary gland tumors affect children [128]. 40-60% of these tumors in children
are malighant, i.e., much more common than in adults. Mucoepidermoid carcinoma (45-50%)
and acinar cell carcinoma (25-35%) are the most common malignant histologic types in chil-
dren [9]. The therapeutic principles in children do not differ from that in adults [129]. Surgery is
the curative treatment of choice, possibly followed by postoperative radiotherapy (for indica-
tions for postoperative radiotherapy, see chapter 6.3.). In children with a pNO neck, postopera-
tive radiotherapy is generally decided with more restraint. As a rule, postoperative radiother-
apy of the soft tissues of the neck is not performed for pNO.

6.9 Systemic tumor therapy
6.9.1 Agents used for systemic tumor therapy (alphabetical)

6.9.1.1 Abiraterone acetate

Abiraterone acetate is an antiandrogen (androgen synthesis inhibitor) that is approved for the
antihormonal therapy of prostate cancer. By inhibiting the enzyme CYP17, extragonadal andro-
gen biosynthesis in the tumor and metastases is also inhibited. It is administered in combina-
tion with 10 mg prednisone daily. The main side effects are fatigue, hot flashes, edema,
hypokalemia and -magnesemia and constipation.

Abiraterone is a CYP3A4 substrate, so CYP3A4 inducers accelerate its oxidative metabolism.
Concomitant treatment with strong CYP3A4 inducers may reduce the bioavailability of abi-
raterone and possibly impair its efficacy. The concomitant use of CYP3A4 inhibitors does not
affect the plasma levels of abiraterone. Concomitant treatment with abiraterone and
[223Ra]radium chloride has been associated with increased bone fractures and deaths, so that
concomitant treatment with [223Ra]radium chloride is contraindicated. Androgen deprivation
therapy with abiraterone may prolong the QT interval. The risk of ventricular tachycardia is
therefore increased under concomitant treatment with drugs that can also prolong the QT inter-
val. Torsade de pointes with symptomatic attacks of dizziness or fainting may occur. In rare

22



cases, they may progress to ventricular fibrillation and cardiac arrest. Concomitant use with
drugs that prolong the QT time should be weighed up with great caution. Abiraterone is a
CYP2D6 inhibitor and inhibits the oxidative metabolism of CYP2D6 substrates. Abiraterone may
impair the analgesic and antitussive efficacy of codeine and increase the bioavailability of dex-
tromethorphan by approximately 200%. Concomitant treatment with abiraterone may increase
the effects of CYP2D6 substrates (ajmaline, amphetamines, dextromethorphan, flecainide,
haloperidol, hydromorphone, metoprolol, propafenone, propranolol, risperidone, tramadol, ven-
lafaxine). Simultaneous administration of abiraterone with food increases abiraterone exposure
up to 17-fold.

6.9.1.2 Axitinib

Axitinib is a tyrosine kinase inhibitor that selectively inhibits VEGF receptors 1-3. It is approved
for second-line treatment of renal cell carcinoma. The main side effects are hypertension,
mucositis, weight loss, proteinuria, diarrhea and fatigue.

Axitinib is extensively metabolized in the liver via CYP3A4 and to a lesser extent via CYP1A2
and CYP2C19. Concomitant treatment with strong CYP3A4/5 inducers can reduce the active
substance concentrations of axitinib and thus impair its clinical efficacy. Concomitant treatment
with strong CYP3A4 enzyme inhibitors may increase the active substance concentrations of axi-
tinib and thus also increase adverse effects. No clinically relevant study results are available on
a possible pharmacodynamic enhancement of the side effects of axitinib by other drugs or a
possible influence of axitinib on the effect of other drugs. Taking axitinib together with a moder-
ately high-fat meal led to a 10% reduction in bioavailability compared to fasting intake. A high-
calorie meal increased bioavailability by 19%. These effects are not considered clinically signifi-
cant. The concomitant use of strong CYP3A4 inhibitors or inducers with axitinib should be
avoided. The consumption of grapefruit, grapefruit-like fruits (e.g., pomelo, bitter orange,
clemetine) and their preparations should be avoided during the entire treatment with axitinib. If
concomitant treatment with axitinib and strong CYP3A4 inhibitors is unavoidable, a reduction in
the dose of axitinib to approximately half is recommended. If macrolide antibiotics are indi-
cated, drugs that do not or only slightly inhibit CYP3A4 (e.g., azithromycin) should be preferred.
If a strong CYP3A4/5 inducer must be used at the same time, it is recommended to increase the
axitinib dose gradually. After discontinuation of the inducer, the axitinib dose must be reduced
slowly, as the inducing effects persist beyond discontinuation of the inducer due to the lifespan
of the enzymes.

6.9.1.3 Avelumab

Avelumab is a human monoclonal IgGl antibody from the class of immune checkpoint
inhibitors. It binds to programmed cell death ligand 1 (PD-L1) and prevents it from binding to its
receptor PD-1. Approved indications include cutaneous Merkel cell carcinoma, renal cell carci-
noma and urothelial carcinoma. The most common side effects under palliative combination
therapy with axitinib in adenoid cystic salivary gland carcinoma [111] were fatigue, diarrhea,
hypertension, nausea, weight loss, constipation and, as presumably autoimmune-related side
effects, skin rashes, hypothyroidism and liver enzyme elevations. Preceeding administration of
glucocorticosteroids or other immunosuppressive drugs is expected to impair the efficacy of
avelumab.

6.9.1.4 Bicalutamide

Bicalutamide is a non-steroidal antiandrogen (androgen receptor antagonist) that is approved
for the antihormonal therapy of prostate cancer. No adverse effects have been reported from
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adjuvant monotherapy for androgen receptor-positive salivary gland carcinomas [75]. Common
side effects according to the prescribing information are skin rashes, weight loss, weight gain,
anemia, loss of appetite, diabetic metabolic disorder, loss of libido, depression, abdominal com-
plaints such as diarrhea or constipation, liver enzyme elevations, alopecia, skin dryness, sweat-
ing, itching, muscle and bone pain, thoracic tenderness and gynecomastia. Bicalutamide is
mainly metabolized in the liver by oxidation and glucuronidation, but the enzymes involved are
unknown. An involvement of CYP3A4 seems possible. Theoretically, the concomitant use of
drugs that inhibit different CYP enzymes may therefore increase the plasma concentrations of
bicalutamide, while inducers of CYP enzymes may decrease the plasma concentrations of bica-
lutamide. Bicalutamide is a weak inhibitor of CYP3A4 and led to an increase in the bioavailabil-
ity of the CYP3A4 substrate midazolam by up to 80%. This increase may be significant for
CYP3A4 substrates with a narrow therapeutic range (e.qg., ciclosporin). In some cases, the risk
of bleeding was increased or bleeding events occurred during concomitant treatment with vita-
min K antagonists and bicalutamide. It is assumed that bicalutamide displaces the vitamin K
antagonists from plasma protein binding. The risk of torsades de pointes due to the intake of
QT time-prolonging drugs may be increased by the simultaneous administration of bicalu-
tamide, as it can prolong the QT interval. Patients with risk factors for QT prolongation should
be monitored electrocardiographically. When administering ciclosporin, careful monitoring of
plasma concentrations during treatment with bicalutamide is recommended. Patients receiving
concomitant treatment with vitamin K antagonists should also be closely monitored.

6.9.1.5 Cabozantinib

Cabozantinib is a multikinase inhibitor. In addition to the VEGFR1, VEGFR2 and VEGFR3 kinases,
it also inhibits AXL and MET. Cabozantinib is approved for the treatment of renal cell carcinoma,
hepatocellular carcinoma and differentiated thyroid carcinoma. A phase Il trial in patients with
salivary gland carcinoma was terminated prematurely due to excessive toxicity in the area of
previously irradiated wounds [120]. The most common adverse events leading to dose reduc-
tion in larger clinical trials with cabozantinib were diarrhea (16%), palmoplantar erythrodyses-
thesia (11%) and fatigue (10%).

Cabozantinib has very high plasma protein binding. As a result, it can displace other drugs that
are strongly bound to plasma proteins from plasma protein binding. This can lead to an
increase in the desired and undesired effects of drugs with a narrow therapeutic range if their
degradation and excretion pathways are restricted at the same time. If cabozantinib is taken
with a very high-fat meal, its oral bioavailability is increased by 57% compared to taking
cabozantinib with an empty stomach. Cabozantinib is mainly metabolized via CYP3A4. Con-
comitant treatment with strong inducers of CYP3A4 may reduce the systemic availability of
cabozantinib and thus its clinical efficacy. Concomitant treatment with strong inhibitors of
CYP3A4 may result in increased adverse effects. Concomitant treatment with drugs that are
strong CYP3A4 inducers or CYP3A4 inhibitors should be avoided. The consumption of grapefruit,
grapefruit-like fruits (e.g., pomelo, bitter orange) and their preparations should be avoided for
the entire duration of treatment with cabozantinib. Myelosuppression caused by cabozantinib,
which occurs frequently, can be exacerbated by the simultaneous use of other myelosuppres-
sive drugs. Since eletrolyte dysbalances have been observed frequently during treatment with
cabozantinib, concomitant treatment with cabozantinib and QT-prolonging drugs may increase
the risk of the occurrence of polymorphic ventricular arrhythmias (torsade de pointes). During
treatment with cabozantinib, peripheral blood counts should be monitored. Concomitant treat-
ment with cabozantinib and QT time-prolonging drugs should be avoided. If this is not possible,
attention should be paid to electrolyte balance and the QT time should be checked regularly.
Cabozantinib may cause severe bleeding. This risk is increased by the simultaneous administra-
tion of cabozantinib with anticoagulant drugs. In the case of concomitant treatment with
cabozantinib and anticoagulants, coagulation-related laboratory parameters should be checked
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regularly. Cases of gastrointestinal perforation have been reported in clinical studies. This risk
may be increased by concomitant use of cabozantinib with substances with a known risk of
gastrointestinal perforation, so these drugs should be avoided.

6.9.1.6 Carboplatin

Carboplatin is a platinum derivative that has been used in combination with paclitaxel for pal-
liative therapy in patients with salivary gland carcinoma [93]. Neutropenia, nausea, vomiting,
alopecia, diarrhea or constipation have been reported as frequent side effects. Rarely, neuro-
toxicity may also occur.

6.9.1.7 Cetuximab

Cetuximab is a monoclonal antibody against the EGF receptor. It has been approved for the
treatment of colorectal carcinomas and head and neck squamous cell carcinomas. Side effects
(grade 3/4), which occurred in more than 5% of patients in the approval studies, were
acneiform dermatitis and infusion reactions. Prophylactic treatment of acneiform dermatitis
should be carried out with doxycyline or minocycline.

6.9.1.8 Cisplatin

Cisplatin is a platinum derivative that is used as palliative monotherapy [94], in addition to
curative radiotherapy or as palliative combination therapy with docetaxel and cyclophos-
phamide (CAP protocol) for salivary gland carcinoma. It is approved for the treatment of testicu-
lar carcinoma, ovarian carcinoma, bladder cancer, squamous cell carcinoma of the head and
neck, small cell and non-small cell lung carcinoma and cervical carcinoma. Major side effects
reported include nausea and vomiting, nephrotoxicity, polyneuropathy, ototoxicity, hematotoxi-
city, electrolyte imbalances, cardiotoxicity and diarrhea. Vaccination with live vaccines (e.qg.,
yellow fever) is contraindicated. The prescribing information points at relevant pharmacological
interactions with other active substances such as ototoxic or nephrotoxic substances, anticoag-
ulants, anticonvulsants or phenytoin as well as increased effect when combined with paclitaxel,
docetaxel, bleomycin, vinorelbine or cyclosporine.

6.9.1.9 Cyclophosphamide

Cyclophosphamide is a widely used cytotoxic chemotherapeutic agent from the alkylant class
of substances, which is frequently used in dose-intensive combination therapies and is associ-
ated with a very broad spectrum of possible side effects (see prescribing information). Myelo-
toxicity (grade IlI-1ll neutropenia) and grade Il mucositis have been reported in palliative use at
moderate doses in combination with doxorubicin and cisplatin for the treatment of salivary
gland carcinoma (CAP protocol) [91]. Clinically relevant drug interactions with aprepitant,
ciprofloxacin, azole antifungals, macrolide antibiotics, sulfonamides, prasugrel, thiotepa,
ondansetron or allopurinol, for example, are described in the prescribing information. Potential
cardiotoxicity must be taken into account in combination with anthracyclines.

6.9.1.10 Dabrafenib

Dabrafenib is a tyrosine kinase inhibitor directed against BRAF. It has been approved for the
treatment of melanoma and non-small cell lung cancer. Clinical response has been described in
BRAF-mutated salivary duct carcinoma in combination with the MEK inhibitor trametinib [106].
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In monotherapy, cutaneous side effects including new squamous cell carcinomas, fatigue and
fever reactions have been reported.

Both in monotherapy and in combination therapy with trametinib, dabrafenib should be taken
at least one hour before a meal or as far away as possible from a previous meal. If dabrafenib is
taken with food, its oral bioavailability is reduced by 31% compared to taking it with an empty
stomach. Dabrafenib has a very high plasma protein binding, so that it can displace other drugs
strongly bound to plasma proteins from plasma protein binding. This can lead to an increase in
the desired and undesired effects of drugs with a narrow therapeutic range if their degradation
and excretion pathways are restricted. Dabrafenib is degraded by CYP2C8 and CYP3A4. The
resulting active metabolites hydroxydabrafenib and desmethyldabrafenib are also substrates of
CYP3A4. Concomitant treatment with crizotinib and strong inducers of CYP3A4 or CYP2C8 may
reduce the systemic availability of dabrafenib and its active metabolites and thus their clinical
efficacy. Concomitant treatment with strong inhibitors of CYP3A4 or CYP2C8 may result in
increased adverse effects. The concomitant administration of dabrafenib with drugs that are
inducers or strong inhibitors of CYP3A4 or CYP2C8 should be avoided. The concomitant adminis-
tration of dabrafenib with drugs that are substrates of CYP3A4 and have a narrow therapeutic
range may therefore lead to a reduction or loss of clinical efficacy of these drugs. If concomi-
tant treatment with dabrafenib and drugs that are CYP3A4 substrates with a narrow therapeutic
range is necessary, patients must be closely monitored for adverse effects.

6.9.1.11 Docetaxel

Docetaxel is a taxane. In HER2-positive salivary gland carcinoma, it is used in combination with
trastuzumab [99]; it is also used in palliative therapy in combination with carboplatin or as
monotherapy. It is approved for the treatment of breast carcinoma, adenocarcinoma of the
stomach, non-small cell lung carcinoma, prostate carcinoma and head and neck carcinoma.
Severe grade 3 or 4 side effects include infections, nail changes, stomatitis and diarrhea, while
grade 2 side effects include alopecia. Polyneuropathy, sometimes irreversible, is particularly
troublesome. Common side effects such as nausea/vomiting and allergic reactions can be pre-
vented by adequate supportive care, see Onkopedia Antiemesis.

6.9.1.12 Doxorubicin

Doxorubicin (synonym: adriamycin) is a cytotoxic chemotherapeutic agent from the anthracy-
cline class of substances. It is used in salivary gland carcinomas in combination with cyclophos-
phamide and cisplatin (CAP protocol) [90, 91]. It is approved for a wide range of malignant neo-
plasms (breast carcinoma, lung carcinoma, ovarian carcinoma, endometrial carcinoma, bladder
carcinoma, sarcomas, Wilms' tumor, thyroid carcinoma, neuroblastoma, Hodgkin's and non-
Hodgkin's lymphomas, acute leukemias, myeloma). In addition to cardiotoxicity (maximum
cumulative total dose in adults 550 mg/m?2), particular attention should be paid to hematotoxic-
ity. Doxorubicin should be administered via a safe venous access due to its tissue-damaging
effect.

6.9.1.13 Entrectinib

Entrectinib is a strong inhibitor of neurotrophic tropomyosin receptor kinases (NTRK) A, B, and
C and is approved for the treatment of NTRK fusion-positive tumors and ROS1-mutated non-
small cell lung cancer. From three tumor-agnostic studies [97], taste disturbances, constipation,
diarrhea, fatigue, confusion, increased serum creatitine, paresthesia, nausea, vomiting, arthral-
gia, myalgia and weight gain as well as individual cases of severe neurotoxicity were reported
as adverse effects.
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6.9.1.14 Enzalutamide

Enzalutamide is a pure androgen receptor antagonist with approximately 10 times higher
androgen receptor affinity than bicalutamide. It is approved for the antihormonal treatment of
prostate cancer. The main side effects reported are fatigue, hypertension, hot flashes, weight
loss, drowsiness, diarrhea and peripheral edema.

Enzalutamide is primarily metabolized via CYP2C8, resulting in an active metabolite. The simul-
taneous administration of inhibitors of CYP2C8 leads to an increase in the systemic availability
of enzalutamide, which can increase undesirable effects. The simultaneous administration of
inducers of CYP2C8 does not lead to a clinically relevant change in the systemic availability of
enzalutamide. Increased formation of active metabolites is also possible (e.g., clopidogrel). The
full induction potential of enzalutamide often only becomes apparent after one month, when
the steady state of the clinical drug concentration of enzalutamide has been reached, but
induction effects may also occur earlier. If the simultaneous administration of enzalutamide and
drugs that are strong CYP2CS8 inhibitors is necessary, the dose of enzalutamide should be
reduced to 80 mg once daily (prescribing information as of May 2024). Enzalutamide is consid-
ered a strong inducer of CYP3A4 and a moderate inducer of CYP2C9 and CYP2C19. The con-
comitant use of enzalutamide with drugs that are substrates of CYP3A4, CYP2C19 or CYP2C9
can lead to significant reductions in systemic availability and to a sharp decrease or loss of clin-
ical efficacy of the drugs. When taking drugs that are substrates of CYP3A4, CYP2C9 or
CYP2C19 at the same time, patients should be monitored in the first month of treatment with
enzalutamide for a loss of pharmacological effect or an increase in effect due to increased for-
mation of active metabolites. A dose adjustment may need to be considered. Due to the long
half-life of enzalutamide, it should be noted that the effect on the CYP enzymes may persist for
a month or longer after the end of treatment. Enzalutamid therapy can lead to a prolongation
of the QT interval. Concomitant treatment with enzalutamide and other QT time-prolonging
drugs may increase the risk of polymorphic ventricular arrhythmias (torsade de pointes). The
simultaneous treatment of enzalutamide with drugs that prolong the QT time should be
avoided. If this is not possible, care should be taken to maintain a balanced electrolyte balance
and the QT time should be checked regularly. The risk of seizures during treatment with enzalu-
tamide is increased in patients taking drugs that lower the seizure threshold.

6.9.1.15 Epirubicin

Epirubicin is a cytotoxic chemotherapeutic agent from the anthracycline class of substances,
which is approved for the treatment of breast cancer, ovarian cancer, gastric cancer and small
cell lung cancer. The most important side effects are myelosuppression and cumulative car-
diotoxicity (maximum total dose 900 mg/m2 epirubicin hydrochloride according to the prescrib-
ing information). In a study on the palliative treatment of salivary gland carcinoma [95], alope-
Cia, nausea, vomiting, mucositis and a tissue reaction at the peripheral venous access were
reported as adverse effects.

6.9.1.16 Goserelin

Goserelin is a GnRH analog approved for the antiandrogenic therapy of prostate cancer. It is
applied subcutaneously under the abdominal skin every 3 months. No adverse effects have
been reported from palliative monotherapy for androgen receptor-positive salivary gland carci-
nomas [75]. According to the prescribing information, the most common side effects are
impaired glucose tolerance, loss of libido, heart failure, hot flashes, sweating, skin rashes, bone
pain, erectile dysfunction and local reactions at the injection site.
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6.9.1.17 Larotrectinib

Larotrectinib is a selective NTRK inhibitor that is approved for the treatment of NTRK fusion-
positive tumors. From a study on its use in salivary gland carcinomas [96], liver enzyme eleva-
tions, confusion, constipation, fatigue, muscle and joint pain, nausea, peripheral edema,
headache, weight gain, hyperglycemia and peripheral neuropathy were reported as side
effects. The prescribing information states that if concomitant administration with a strong
CYP3A4 inhibitor is necessary, the larotrectinib dose should be reduced by 50 %. After discon-
tinuation of the inhibitor for 3 to 5 elimination half-lives, treatment should be continued at the
dose taken prior to treatment with the CYP3A4 inhibitor.

6.9.1.18 Lenvatinib

Lenvatinib is a multi-tyrosine kinase inhibitor that inhibits VEGFR1-3, FGFR1-4, PDGFRa, PDGF,
KIT and RET. In a study on palliative use in adenoid cystic salivary gland carcinoma [107], the
main side effects reported were hypertension and pain in the mouth; 18 of 32 patients discon-
tinued treatment due to drug-associated side effects. According to the prescribing information,
proteinuria, hepatotoxicity, aneurysms, aortic dissections, renal failure, diarrhea, CNS toxicity,
fistulas/perforations, bleeding, arterial thromboembolism, wound healing disorders, osteonecro-
sis of the jaw, thyroid dysfunction and cardiac dysfunction such as QT prolongation may also
occur.

Myelosuppression caused by lenvatinib can be exacerbated by the concomitant use of other
myelosuppressive drugs. Since prolongation of ventricular repolarization has been observed
during therapy with lenvatinib, concomitant administration of lenvatinib with QT time-prolong-
ing drugs may increase the risk of polymorphic ventricular arrhythmias (torsade de pointes).
Concomitant treatment with lenvatinib and QT-prolonging drugs should be avoided. If this is not
possible, attention should be paid to a balanced electrolyte balance and the QT time should be
checked regularly. Bleeding may also occur with the use of lenvatinib. Concomitant treatment
with lenvatinib and anticoagulant drugs can further increase the risk of bleeding. Co-treatment
with lenvatinib and anticoagulants should be accompanied by regular monitoring of coagula-
tion-related laboratory parameters. Renal dysfunction, especially acute renal insufficiency, fre-
quently occurs during treatment with lenvatinib. Concomitant administration of lenvatinib and
drugs that interfere with the renin-angiotensin-aldosterone system (RAAS) may result in an
increased risk of acute renal failure. If lenvatinib and drugs that interfere with the RAAS are
administered at the same time, renal function should be monitored regularly. Gastrointestinal
perforations have been observed during treatment with lenvatinib. The risk of this may be
increased by the simultaneous administration of lenvatinib and drugs that interfere with
prostaglandin metabolism (e.g., NSAIDs, corticosteroids). The administration of corticosteroids
or NSAIDs during therapy with lenvatinib should be avoided. Lenvatinib is mainly degraded via
oxidation by aldehyde oxidase. N-demethylation via CYP3A4 and glutathione conjugation are
secondary pathways of degradation. Therefore, both CYP3A4 inhibitors and CYP3A4 inducers
have no significant influence on the systemic availability of lenvatinib.

6.9.1.19 Leuprorelin

Leuprorelin is a GnRH analog approved for the antiandrogenic therapy of prostate cancer. It is
administered subcutaneously every 6 months. No adverse effects have been reported from
monotherapy for androgen receptor-positive salivary gland carcinomas [75]. According to the
prescribing information, the most common side effects are skin rashes, nasopharyngitis, hot
flashes, nausea, diarrhea, enteritis, itching, night sweats, bone/joint/muscle pain, urinary reten-
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tion, dysuria, anemia, prolonged clotting time, thoracic tenderness, gynecomastia, erectile dys-
function, loss of libido and local reactions at the injection site.

Leuprorelin can lead to a prolongation of the QT interval. In patients with a history of QT prolon-
gation or risk factors for QT prolongation and in patients taking concomitant drugs that may
prolong the QT interval, physicians should consider the risk-benefit ratio, including the potential
for torsade de pointes tachycardia, before initiating treatment with leuprorelin. Regular moni-
toring of ECG and electrolytes should be considered.

6.9.1.20 Nivolumab

Nivolumab is a humanized anti-PD1 monoclonal antibody and belongs to the class of immune
checkpoint inhibitors. It has been approved as a monotherapy and combination therapy for the
treatment of a broad spectrum of malignant neoplasms including head and neck squamous cell
carcinoma. In a study on palliative nivolumab monotherapy of salivary gland carcinomas [88],
anemia, hypoalbuminemia, hyperkalemia, liver enzyme elevations, heart failure, serum amy-
lase elevation, hyponatremia, creatine phosphokinase elevation and renal dysfunction were
reported. Other possible side effects include skin rash, diarrhea and loss of appetite, as well as
sometimes severe pyrexia and interstitial pneumonia (immune-mediated pneumonitis),
immune-mediated liver or kidney inflammation and endocrinopathies. Preceeding administra-
tion of immunosuppressive drugs is expected to impair the efficacy of nivolumab.

6.9.1.21 Paclitaxel

Like docetaxel, paclitaxel is a cytotoxic chemotherapeutic agent from the taxane class. It is
approved for the treatment of breast carcinoma, ovarian carcinoma, non-small cell lung carci-
noma and AlIDS-associated Kaposi's sarcoma. As it has not shown efficacy as a monotherapeu-
tic agent in salivary gland carcinomas, it is generally used in combination with carboplatin or
cetuximab [92, 93]. Severe side effects can include infections, stomatitis and diarrhea as well
as allergic reactions to the solvent cremophor. Premedication with glucocorticoids, H2 receptor
antagonists and antihistamines is mandatory. Alopecia is one of the most troublesome side
effects, and polyneuropathy, which can be irreversible, is particularly burdensome.

The metabolism of paclitaxel is catalyzed in part by the cytochrome P450 isoenzymes CYP2C8
and CYP3A4. Therefore, special caution is required when paclitaxel is used together with other
drugs that inhibit CYP2C8 or CYP3A4 (e.g., azole antifungals, erythromycin, fluoxetine, gemfi-
brozil, clopidogrel, cimetidine, ritonavir, saquinavir, indinavir or nelfinavir), as the toxicity of
paclitaxel may be increased due to higher paclitaxel exposure. The use of paclitaxel together
with drugs that induce CYP2C8 or CYP3A4 (e.g., rifampicin, carbamazepine, phenytoin,
efavirenz, nevirapine) is not recommended as efficacy may be impaired due to lower paclitaxel
exposure.

6.9.1.22 Pembrolizumab

Pembrolizumab is an immune checkpoint inhibitor. It is a fully human monoclonal antibody of
the immunoglobulin G4 (IgG4) class that binds to the PD-1 receptor on T cells and prevents
interaction with the PD1 receptor ligand that actually binds here. It is approved for the treat-
ment of a broad spectrum of malignant neoplasms including head and neck squamous cell car-
cinoma. In patients with salivary gland carcinomas, it has been used in studies as monotherapy
or in combination with radiotherapy. Relevant pharmacological interactions have not been
described. Preceeding administration of immunosuppressive drugs is expected to impair the
efficacy of pembrolizumab. As with other immune checkpoint inhibitors, there is a risk of
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immune-mediated, sometimes severe, side effects such as pneumonitis, endocrinopathy,
nephritis, hepatitis, colitis or skin reactions.

6.9.1.23 Pertuzumab

Pertuzumab is a humanized antibody directed against HER2 approved for use in combination
with trastuzumab and docetaxel in HER2-positive breast cancer. As part of a "basket" study, it
was used in combination with trastuzumab in patients with salivary gland carcinoma [102].
According to the prescribing information, the order of administration is arbitrary. In addition to
an infusion reaction, left ventricular dysfunction may occur as a side effect when pertuzumab is
given in combination with trastuzumab. Regular monitoring of left ventricular heart function by
echocardiography should be performed during ongoing therapy. Another serious side effect can
be diarrhea, which can be severe in some cases. Relevant pharmacological interactions have
not been described.

6.9.1.24 Pralsetinib

Pralsetinib is a potent selective inhibitor of RET receptor tyrosine kinase that is approved for
the treatment of RET fusion-positive non-small cell lung cancer. In a tumor-agnostic phase I/
phase Il study, liver enzyme elevations, neutropenia, anemia, thrombocytopenia, constipation
and weight loss were reported as adverse events. The prescribing information mentions respi-
ratory tract infections, urinary tract infections, hyperphosphatemia, hypophosphatemia,
hypocalcemia, hyponatremia, hypoalbuminemia, headache, taste disturbances, hypertension,
bleeding tendency, diarrhea, gastrointestinal complaints such as nausea and vomiting, dry
mouth, skin rash, mucositis, musculoskeletal pain, fatigue, edema, fever, QT prolongation and
serum creatinine elevation as possible further side effects. With simultaneous administration of
P-glycoprotein inhibitors (cyclosporine, quinidine, carvedilol, diltiazem, dronedarone, verapamil,
erythromycin, etc.) and/or CYP3A4 inhibitors (azole antifungals, macrolide antibiotics, nelfi-
navir, saquinavir, ritonavir, aprepitant, idelalisib, imatinib, grapefruit juice), the dosage of
pralsetinib must be reduced (see prescribing nformation). The simultaneous administration of
moderate or strong CYP3A4 inducers (carbamazepine, St. John's wort, rifabutin, rifampicin,
phenytoin, etc.) should be avoided.

6.9.1.25 Selpercatinib

Selpercatinib is a highly selective RET kinase inhibitor. It is approved across tumor entities for
the treatment of RET fusion-positive tumors and RET-mutated thyroid carcinomas. The main
side effects in the cross-entity phase I/phase Il study [104] were hypertension and liver enzyme
elevation, as well as fatigue, proteinuria and abdominal discomfort. Severe treatment-related
adverse events were reported in 40% of patients. The prescribing information also lists pneu-
monia, hypersensitivity reactions, headache, QT prolongation, bleeding, interstitial pneumoni-
tis, gastrointestinal complaints such as nausea, vomiting, diarrhea or constipation, edema and
myelosuppression as frequent side effects.

In patients with known QT prolongation, special cardiological examinations are recommended
prior to the use of selpercatinib (see prescribing information). Due to its metabolization via
CYP3A4 and P-glycoprotein and its influence on CYP2C8, selpercatinib has numerous interac-
tions with other drugs and active substances (St. John's wort) and its absorption after oral
administration is influenced by proton pump inhibitors (PPIl). Please refer to the detailed infor-
mation in the prescribing information.
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6.9.1.26 Sorafenib

Sorafenib is a multi-kinase inhibitor that inhibits the Raf and VEGF signaling pathways as well
as PGFR-alpha and -beta, KIT and RET. It has been approved for the treatment of renal cell car-
cinoma, hepatocellular carcinoma and differentiated thyroid carcinoma. In palliative monother-
apy of patients with salivary gland carcinoma [108], side effects = grade 3 were reported in
almost 30%, predominantly skin rashes, hand-foot syndrome, mucositis, lung infections,
fatigue, arterial thrombosis and gastrointestinal complaints. Sorafenib has been extensively
studied for its pharmacological interaction potential (see prescribing information). Of particular
clinical relevance is the interaction with CYP3A4 inducers such as St. John's wort, phenytoin,
dexamethasone or carbamazepine, which can lead to a reduction in sorafenib bioavailability.

6.9.1.27 Trametinib

Trametinib is an orally administered MEK inhibitor that is approved in combination with the
BRAF inhibitor dabrafenib for the treatment of BRAF-V600-mutated melanomas. This combina-
tion has also been used sporadically in patients with BRAF V600-mutated salivary duct carcino-
mas [106]. Trametinib monotherapy is not effective in the aforementioned tumor entities. The
prescribing information refers to possible side effects such as QT prolongation, reduction in left
ventricular ejection fraction, high blood pressure, febrile states or visual disturbances and men-
tions interstitial pneumonitis as a particular possible complication. Trametinib is deacetylated
by hydrolytic enzymes such as carboxylesterase. Due to this metabolization, an interaction via
other metabolizing enzymes (e.g., CYP enzymes) is classified as rather unlikely. Bleeding may
occur when trametinib is used. Concomitant treatment with trametinib and anticoagulants may
further increase the risk of bleeding. Co-treatment with trametinib and anticoagulants should
be accompanied by regular monitoring of coagulation-related laboratory parameters. If trame-
tinib is taken with a high-fat, high-calorie meal, the maximum plasma concentration decreases
by 70% compared to taking it on an empty stomach, and oral bioavailability is reduced by 10%.
Trametinib should be taken on an empty stomach, i.e., at least one hour before a meal or as far
away as possible from a previous meal.

6.9.1.28 Trastuzumab

Trastuzumab is a humanized monoclonal antibody that binds to the epidermal growth factor
receptor HER2 on the cell surface and thereby inhibits cell growth. It has been approved for the
treatment of HER2-positive breast cancer and gastric cancer. In a study on palliative therapy in
combination with docetaxel in the treatment of HER2-positive salivary duct carcinoma [99], the
most common side effects described were myelosuppression, febrile neutropenia, hypoalbu-
minemia, edema, liver enzyme elevations, weight loss, fatigue, constipation and electrolyte
dysbalances. The prescribing information also lists skin rashes, respiratory tract infections,
hypersensitivity reactions, muscle and joint pain, impaired renal function, conjunctivitis, hot
flashes and respiratory complaints as frequent side effects. Particular attention should be paid
to cardiac dysfunction such as left heart failure and arrhythmias.

Clinically significant pharmacological interactions with other drugs and active substances were
not registered in studies.

6.9.1.29 Trastuzumab emtansine

Trastuzumab emtansine (T-DM1) is an antibody-drug conjugate directed against HER2, coupled
with an antimicrotubular substance. It is approved for the treatment of HER2-positive breast
cancer. In the treatment of HER2-positive malignancies [100] in the NCI-MATCH study, a rele-
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vant clinical response was observed in HER2-positive salivary gland carcinomas. The most com-
mon side effects reported were anemia, thrombocytopenia, fatigue, nausea/vomiting, liver
enzyme elevations and weight loss. The prescribing information also lists urinary tract infec-
tions, headaches, polyneuropathy, sleep disorders, gastrointestinal complaints, muscle and
joint pain and a tendency to bleed. Interstitial pneumonitis is described as a rare, sometimes
severe side effect.

Trastuzumab emtansine is mainly metabolized via CYP3A4, to a lesser extent also via CYP3A5.
Active substances that inhibit CYP3A4, e.g., azole antifungals, clarithromycin, telithromycin,
numerous antiviral substances, especially for HIV treatment, should not be administered at the
same time as trastuzumab emtansine if possible.

6.9.1.30 Trastuzumab deruxtecan (T-DXd)

Trastuzumab deruxtecan is an antibody-drug conjugate directed against HER2; the coupled
drug is a topoisomerase inhibitor. In the tumor-agnostic phase Il trial for use in HER2-positive
malignancies [103], a response rate of 42% was reported among 19 included patients with sali-
vary gland carcinoma. The approval currently covers the treatment of HER2-positive breast car-
cinoma, lung carcinoma and gastric carcinoma (as of January 2024). In the USA, there is a
tumor-agnostic approval for the treatment of HER2-positive tumors.

When using a dosage of 5.4 mg/kg every 3 weeks, grade 3-4 side effects were observed in 40%
of patients, mainly nausea/vomiting, anemia, diarrhea, fatigue, inappetence, weight loss and
alopecia. A particular side effect is interstitial pneumonitis, which is sometimes life-threatening
and has been documented in 10-30% of patients treated in studies with patients with various
underlying malignancies. However, in some of these studies T-DXd was also administered at a
higher dose (6.4 mg/kg every 3 weeks).

Clinically relevant pharmacological interactions with other active substances have not yet been
found in studies. The prescribing information also contains no indications of such interactions.

6.9.1.31 Triptorelin

Triptorelin is a GnRH analog approved for the antiandrogenic therapy of prostate cancer. Out-
side of malignant diseases, it is approved for hormone therapy in adults with endometriosis or
uterine myomatosis. It is injected subcutaneously or deep intramuscularly every 4 weeks.
Adverse effects were not specified from a study on combination therapy with bicalutamide in
androgen receptor-positive salivary gland carcinomas [113]. According to the prescribing infor-
mation, the most common side effects are hypersensitivity, loss of libido, depression, sleep dis-
turbance, hot flashes, nausea, sweating, bone/joint/muscle pain, erectile dysfunction, gyneco-
mastia or local reactions at the injection site.

Due to potential QT prolongation, concomitant administration with substances such as quini-
dine, disopyramide, amiodarone, sotalol, methadone, moxifloxacin or neuroleptics must be
carefully evaluated according to the prescribing information.

6.9.1.32 Vinorelbine

Vinorelbine is a cytotoxic chemotherapeutic agent from the vinca alkaloid class of substances,
which blocks mitosis by inhibiting the formation of microtubules and nuclear spindles. It is
approved for the treatment of lung and breast carcinomas. In a phase Il trial for palliative use in
salivary gland carcinomas [90], myelosuppression, nausea/vomiting, peripheral neurotoxicity
and alopecia were reported as adverse effects. According to the prescribing information, the
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most common side effects are bone marrow depression with neutropenia, anemia and thrombo-
cytopenia, gastrointestinal toxicity with nausea, vomiting, diarrhea, mucositis and constipation
as well as fatigue and fever. The contraindication of vaccination with live vaccines during treat-
ment with vinorelbine must be emphasized. In addition, there are complex, and in some cases
life-threatening, interactions with other active substances such as triazole antifungals,
macrolide antibiotics, St. John's wort, HIV-targeted protease inhibitors, rifampicin, carba-
mazepine, phenytoin, etc., so that particularly careful consideration of the prescribing informa-
tion is required before starting treatment with vinorelbine.

7 Rehabilitation

Rehabilitation follows the same principles as for common head and neck tumors (see Onkope-
dia guideline on head and neck cancer): Salivary gland carcinomas or their treatment with
surgery, radiotherapy or systemic drug therapy often result in considerable distress, loss of
quality of life as well as functional and somatic sequelae. As a result of these side effects and
the oncological diagnosis itself, there is a high psychological burden and a corresponding need
for psycho-oncological and psychosocial care. Targeted rehabilitation measures are therefore
indicated. They should start as soon as possible after completion of the primary therapy. Gen-
eral therapeutic measures (sports/physio-/occupational therapy) should be offered during reha-
bilitation. The costs of dental rehabilitation with dental implants following treatment for salivary
gland carcinoma are usually covered by health insurances (§28 SGB V). Rehabilitation facilities
should be able to continue drug-based tumor therapies if indicated. Patients who have not yet
reached the statutory retirement age should be informed about benefits for participation in
working life as part of medical-occupational rehabilitation (MBOR). Further socio-medical ques-
tions and necessary care for the patient should be clarified during rehabilitation. Furthermore,
all patients should be offered psycho-oncological care. Patients should also be recommended to
the self-help groups for head and neck tumors.

8 Follow-up and monitoring

Structured follow-up is recommended for patients after curative treatment of salivary gland car-
cinoma. The clinical follow-up examinations take place every 3 months in the 1st and 2nd year
after initial treatment. This is followed by a monitoring every 6 months in the 3rd to 5th year.
An US check of the tumor region and the soft tissues of the neck is carried out every 6 months
in the 5 years after initial treatment. In the case of advanced tumors, US checks are recom-
mended every 3 months in the first two years. An MRI neck with contrast medium (or a CT with
CM if no MRI is possible) is carried out every 12 months in the first two years and over 5 years
if there is a higher-risk constellation. In the case of a higher-risk constellation, a CT thorax
should also be performed every 12 months for 5 years and, in the case of adenoid cystic carci-
noma, a low-dose CT in the 6th to 10th year.

PET-CT is reserved for special questions and for patients after curative radiochemotherapy in
order to do a neck dissection of positive lymph nodes. In addition, sectional imaging should be
performed in the case of clinical complaints or suspicious clinical examination findings.

Follow-up should be continued over a period of ten years and, in the case of adenoid cystic car-
cinoma, for life.
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* The Radiation Therapy Oncology Group 1008 (RTOG-1008) is investigating the role of

adjuvant radiochemotherapy with cisplatin versus radiotherapy in operated high-risk sali-
vary gland carcinoma with a 4-year follow-up in a randomized phase /Il trial
(ClinicalTrials.gov identifier NT01220583). Recruitment was completed in March 2021.
The study protocol can be found here: [130].

The GORTEC 2016-02 Phase lll SANTAL trial compares postoperative radiotherapy with
radiochemotherapy with cisplatin in patients with operated salivary gland carcinoma and
paranasal sinus carcinoma. The trial was started in 2017 and is scheduled to be com-
pleted in 2030 (ClinicalTrials.gov identifier NCT02998385).

The EORTC HNCG/UKCRN 1206 study "randomized phase Il study to evaluate the efficacy
and safety of chemotherapy (CT) vs androgen deprivation therapy (ADT) in patients with
recurrent and/or metastatic androgen receptor (AR) expressing SGC" is investigating the
effect of antiandrogen therapy in androgen receptor positive salivary duct carcinoma or
adenocarcinoma NOS (ClinicalTrials.gov identifier NCT01969578). The trial is scheduled to
be completed in mid-2024.

Led by Dana-Farber Cancer Institute with sponsorship from Genentech, Inc.A, started a
multicenter phase Il study on adjuvant combination therapy with ado-trastuzumab
emtansine (T-DM1) in HER2-positive salivary gland carcinomas during and after postoper-
ative radiotherapy in 2020: "Phase Il Study of Adjuvant Ado-trastuzumab Emtansine (T-
DM1) in HER2-positive Salivary Gland Carcinomas"; anticipated completion: 01 February
2026 (ClinicalTrials.gov Identifier NCT04620187).
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