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Editorial on the Research Topic
Diagnosis, epidemiology and treatment of salivary gland carcinomas

Salivary gland cancers (SGC) are heterogeneous entities representing less than 5% of
head and neck (HN) tumors. The majority of benign SGC are amenable to curative surgery,
while the over 20 malignant epithelial SGC subtypes (1) typically require multimodal
treatment approaches, combining surgery with radiotherapy to treat local and loco-regional
advanced disease. Recent advances in molecular profiling of malignant SGC let to biology-
guided treatment paths in the recurrent/metastatic (R/M) setting. While early studies
primarily compared adenoid cystic carcinomas (ACCs), one of the most common salivary
malignancies, with non-ACC SGCs, a growing list of emerging biomarkers shape a
continuously finer grained molecular understanding of the histological subtypes. This
Research Topic aimed to promote these developments towards precision oncology trials
and new drug developments in SGC. The articles published within the Research topic
focused on both ACC and the wide and heterogeneous group of non-ACCs.

On 24 June 2022, in the meeting “Current management and future challenges in salivary
gland cancers” held at the National Cancer Center for Oncological hadrontherapy in Italy,
several international experts discussed the most significant innovations in molecular profiling,
local treatments (i.e., surgery, radiotherapy [RT]), and the development of novel systemic
drugs. The expert panel highlighted that it is essential to engage in collaborative research
networks to enhance efficiency. Networks play a vital role in facilitating the organization and
management of international clinical trials for rare malignancies, such as SGCs. Tailored
research plans are needed to foster advancements of care in this setting. The conference
proceedings, citing more than 100 articles, contributed to this Research Topic reflecting the
rapid evolution of the current SGC scenario, focusing on the exciting progress that has been
made in many research domains in the last few years (Locati et al.).
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In the pre-operative setting, Wang et al. showed the diagnostic
potential of amide proton transfer-weighted (APTw) magnetic
resonance imaging adopting endogenous contrast by chemical
exchange saturation transfer to indirectly reveal mobile peptides
in tissues, which seems to correlate to tumor metabolism. The
differences in average and, especially, maximum values of APTw
distinguished benign and malignant parotid gland tumors. This
may help define the nature of parotid lesions better and rationalize
the pre-surgical setting.

Given the relevant discrepancies that emerged in the prognostic
evaluation of the current classification systems, researchers focused
on better risk stratification, thus considering the nodal status for
disease management. The current neck nodal status for major SGC
was extrapolated from HN squamous cell carcinomas, with a
growing number of studies investigating the need for an adapted
lymph node (LN) evaluation method in patients with SGC (2-7).

In a retrospective study, LN metastases significantly affected
overall survival and recurrence-free survival in submandibular non-
ACC, and the impact was established mainly by the number of
positive LNs rather than LN size as defined in the current TNM
staging (Wang and Shi).

The heterogeneity of these cancers is further reflected in terms
of even unusual clinical behavior, sometimes demonstrated by some
more indolent forms, as described by Miserocchi et al., who report a
singular case of high-grade transformation of polymorphous
adenocarcinoma of the oral floor after 20 years from the
primary treatment.

Regarding ACC histology, research is moving towards more
detailed knowledge of the disease, and different behaviors were
found to be evident according to the primary site of the
same histology.

Single-cell RNA sequencing was applied to observe the evolution of
individual ACC cells in paracarcinoma and carcinoma tissues. Lin et al.
reported their examination of ACC at the transcriptome level,
identifying special populations of inter-duct cells and pre-malignant
cells that could explain the possible origin of ACC cells and the
peculiarly high recurrence rate of this histology.

A single-center retrospective analysis combined with available
international databases confirmed recent evidence of a worse
prognosis of submandibular ACC compared with parotid ACC,
associated with early cervical LN and distant metastases along with
rapid progression (Zhou et al.). This behavior may be connected to
a high MYB/MYBLI1 mutation rate and abnormal upregulation of
the phosphatidylinositol-3 kinase pathway, which emerged by
analyzing their molecular expression patterns.

Furthermore, in a retrospective analysis from the SEER
database based on the number of positive LNs in subjects
surgically treated for parotid ACC, Han defined three prognostic
categories, thus possibly defining a different treatment plan for
high-risk patients.

Regarding the R/M setting, in the last few years, the importance
of assessing molecular targets has emerged to drive treatment
choices in SGC. A comprehensive meta-analysis including more
than 3300 patients showed a diversified prevalence of HER2
positivity (HER2+) ranging from 0% to 43% across sixteen
subtypes of SGC (Egeberg et al.). Authors observed a trend
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towards increasing frequency of HER2+ in cancers derived from
salivary gland ducts. As seven different definitions of HER2+
emerged from the evaluated studies, researchers suggested
prospective clinical trials to determine the optimal definition of
HER2+ based on therapy response in SGC with HER2+.

Moreover, in contrast to previous evidence (8), HER2+
appeared to be a negative prognostic factor in androgen receptor
(AR)-positive cancers, at least in the recurrent/metastatic setting. In
a retrospective study of 74 subjects with salivary duct carcinoma
(SDC) and adenocarcinoma not otherwise specified AR+, Cavalieri
et al. showed worse outcomes in HER2+ patients compared to
HER2- ones. On the other hand, a non-statistically significant
higher risk of developing central nervous system metastases
emerged in this cohort, thus deriving the importance of assessing
the brain at baseline. A possible crosstalk between the two altered
pathways suggests evaluating a treatment combination in the future.

Available data further support comprehensive molecular
profiling for a more aggressive form as salivary duct carcinoma
(SDC). A collection of patients with AR+, HRAS/PIK3CA co-
mutated SDC from a single center experience and a systematic
literature search showed multiple targeted treatment strategies and
their outcomes. Given the lack of data, Rieke et al. suggested further
specific studies to define the best treatment sequences for this
disease subtype.

Despite this precision medicine approach, chemotherapy can
still have a role in SCG, as demonstrated by Onaga et al. in a
subgroup analysis of the retrospective study of 40 patients. The
authors demonstrated a favorable efficacy of docetaxel plus cisplatin
compared to paclitaxel plus carboplatin, which is confirmed to be
mainly not effective in ACC histology.

The eleven papers published in this Research Topic constitute a
vital contribution to the field. New interesting results are included,
new topics and challenges are approached. In particular, this
Research Topic aimed to offer a platform to improve our
knowledge of SGC to move their treatment into the future finally
but, at the same time, highlighted some controversies present in the
current research planning, probably due to the rarity of this disease
and the lack of uniformity in the research efforts.

In line with major guidelines (9, 10), the diagnosis must be
based on histology and immunohistochemistry findings. Molecular
characterization has a supplementary role and can help define
poorly differentiated or atypical lesions better and provide
information on biological behavior, disease management, and
possible targeted treatments.

While some studies focus on this molecular approach, defining
possible subtypes of the same histology, others still consider SGC a
unique disease. As many of these studies are small and
retrospective, we promote an international effort to realize better-
designed and prospective trials for the future, which could represent
a further step forward to the knowledge of the SGC.
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Background: HER?2 aberrations in salivary gland carcinomas (SGC) as well as benefit of
HERZ2 directed therapy have been reported in small studies. However, reliable estimates of
the prevalence of HER2 positivity in SGC and its various histological subtypes are lacking.

Objective: To assess the prevalence of HER2 positivity in histological subtypes of salivary
gland carcinomas (SGC).

Methods: Studies were identified by a systematic review of the literature. Data on in situ
hybridization (ISH) and immunohistochemistry (IHC) were extracted to derive pooled
prevalence estimates calculated by a random effects model. Characteristics of the studies
were extracted for subgroup analysis.

Results: Fifty studies including 3372 patients were identified, providing data on sixteen
histological subtypes. Based on the meta-analysis, the estimated prevalence of HER2
positivity were 43% (95% Cl: 36% — 51%) in salivary duct carcinoma (SDC), 39% (95% Cl:
32% — 45%) in carcinoma ex pleomorphic adenoma (CEP), 17% (95% CI: 7.5% — 33%) in
squamous cell carcinoma (SCC), 13% (95% Cl: 7.6% — 21%) in adenocarcinoma NOS
(ADC), 6.7% (95% Cl: 0.17%-32%) in poorly differentiated carcinoma, 5.5% (95% CI:
2.9% — 9.6%) in mucoepidermoid carcinoma, 4.3% (95% ClI: 1.4% — 13%) in myoepithelial
carcinoma, 1.8% (95% ClI: 0.04%-9.6%) in epithelial-myoepithelial carcinoma, 0.45%
(95% CI: 0.0097% — 18%) in acinic cell carcinoma and 0.15% (0.037% — 5.4%) in adenoid
cystic carcinoma. Estimates for five additional subtypes were assessed.

Conclusion: Prevalence of HER 2 positivity in SGC varies greatly based on histological
subtype, with SDC, CEP, SCC, and ADC displaying the highest rates.

Keywords: HER2, salivary gland (S.G) tumors, ERBB2, salivary duct carcinoma, prevalence
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INTRODUCTION

Salivary gland carcinomas (SGC) are relatively rare tumors with
an annual worldwide incidence of 0.07% corresponding to
52,799 cases each year according to the Global Cancer
Observatory (1). The most recent WHO classification divide
SGC into 21 histological subtypes (2). The incidence of the most
common histopathological subtypes vary between countries, but
mucoepidermoid carcinoma is the most prevalent subtype
making up 12%-29% of the total cases, adenoid cystic
carcinomas accounts for 10%-22%, acinic cell carcinoma for
8%-14%, while salivary duct carcinomas (SDC) only account for
5%-10%. SDC represents the most aggressive type (3-5). The
prognosis of metastasizing SGC remains poor, and response rates
to chemotherapy are modest (4). Consequently, oncologists and
patients alike are faced with a clear unmet medical need for
improvements in the treatment of this disease (6).

HER?2 is a human epidermal receptor 2 tyrosine kinase of the
epidermal growth factor receptor (EGFR) class coded by an
oncogene ERBB2 located on chromosome 17. HER2 is
overexpressed in various subtypes of SGC, but clinical trials on
HER?2 targeted therapy with trastuzumab or lapatanib without
chemotherapy in SGC have failed to show significant clinical
benefit, maybe because only a subset of the lapatinib treated
patients harbored tumors with HER2 overexpression (7, 8).
However, a Japanese study combining trastuzumab and
docetaxel found an overall response rate of 70% in patients
with HER2 positive SDC defined as IHC3+ or gene amplification
by FISH (9). Recently, novel HER2 targeted therapies such as
ado-trastuzumab emtansine and combinations of trastuzumab
and pertuzumab have reached relevant response rate of 90% and
60%, respectively (10, 11).

HER2 protein overexpression is measured semi-
quantitatively by immunohistochemistry (IHC) and gene
amplification is measured by fluorescence/silver/dual in situ
hybridization (FISH, SISH and DISH). Various scoring systems
exist for other cancer types, such as breast carcinoma and gastric
esophageal adenocarcinoma (12, 13). Although specific criteria
for SGC have been proposed, the breast cancer carcinoma
criteria are the most commonly used for scoring HER2
expression in SGC (14). This is partially due to morphological
similarities to invasive ductal carcinoma of the breast and
molecular resemblance with apocrine breast cancer and
because studies validating HER2 scoring systems in SGC are
lacking (15).

HER2 overexpression or gene amplification seems to be a
prerequisite for response to trastuzumab. Currently there is no
systematic review or meta-analysis investigating the prevalence
of HER2 in SGC. The aims of this review and meta-analysis are
to evaluate the literature and provide prevalence estimates for
HER2 in various histological subtypes of SGC.

METHODS

PRISMA Reporting guidelines were used.

Eligibility
Inclusion Criteria: Only studies examining human SGC tissue
were included. Studies allowed were clinical trials, prospective
and retrospective observational studies provided the study
population was not a preselected HER2 positive cohort. HER2
status had to be evaluated by either IHC reporting semi-
quantitative scores of 0, 1+, 2+, 3+ or quantitative ratios of
HER?2 gene copy number relative to chromosome 17 by ISH or
by both THC and ISH. Studies reporting HER2 status
dichotomously (HER2 positive/negative) using the above
mentioned semi-quantitative or quantitative data were eligible.

Exclusion criteria: Studies not listing which quantitative
scoring methods of IHC 0 to 3+ or ISH were used to define
HER?2 positivity were not included. Studies not discriminating
between histological subtype and HER?2 status were not included.
If the same dataset of patients was reported by the same author in
two different publications only the newest was included. Studies
reported in languages other than English, unpublished studies,
case studies, conference abstracts, cell line and animal studies were
all considered ineligible.

Rationale for criteria: The above-mentioned inclusion criteria
were chosen to gather sufficient data to evaluate HER2 positivity
in specific histological subtypes, and to assess whether criteria of
HER2 positivity affect the prevalence estimates.

Identifying Studies

PubMed, Embase, Web of Science were searched up to
September 19, 2020 using the search string ((salivary gland
tumor[Title/Abstract] OR carcinoma of the salivary gland[Title/
Abstract] OR salivary gland cancer[Title/Abstract])) AND
(HER2 or c-ERB2). The search syntaxes were adapted to those
used by each respective search engine. All time periods were
included. Exact search-syntax used for each search engine can be
seen in Supplemental S2. No limitations were set regarding the
date of coverage. In addition, hand searching of references list of
obtained articles was conducted.

Study Selection Process

Titles were identified by the above-mentioned search strategy,
screened and assessed for inclusion in the final meta-analysis
independently by KE and CDH. Discrepancies were solved by
consensus. A full list of texts screened but not included as well as
the reason for exclusion is listed in Supplement S3.

Risk of Bias in the Individual Studies and
Across Studies

The eligibility criteria were designed to minimize risk of bias -
especially selection bias, across studies.

As the studies included are observational and not randomized
controlled trials or interventional in nature, risks of bias were
assessed using recommendations from COSMOS-E (Conducting
Systematic Reviews and Meta-Analyses of Observational Studies
of Etiology) (16).

Information bias was assessed by registering methods
potentially affecting how frequently the outcome were
registered: Prospectively collected or archival samples, HER2
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positivity criteria, IHC assay and ISH probe type. The latter were
also treated as confounders together with Geographic Region.

Data Items and Collection

A data extraction form was used to extract equivalent
information from each paper. First author, published year,
geographical region, prospectively collected or archival
samples, HER2 positivity criteria, IHC assay, ISH probe type
and ISH type: FISH, DISH, SISH. In addition, number of patients
with each histological subtype and number of HER2 positive
patients as well as data on, IHCO, IHC1+, IHC2+, IHC3+, and
HER2 amplification were collected.

Specification of Endpoints
The following endpoints were predefined:

The primary endpoint was HER2 positivity for each SGC
histological subtype. Specific IHC data (0, 1+, 2+, 3+) and gene
amplification status was extracted when possible. During the
data collection it became clear that this specific data was only
available for SDC.

Analysis and Statistics and

Synthesis Methods

Studies were included in each respective meta-analysis
depending on the available data. Meta-analyses were conducted
using a random eftects model. The Wilson score interval method
was used to calculate confidence intervals. Maximum likelihood
estimator was used to estimate between study variance tau® with
the inverse variance method. Generalized linear mixed models
were used for pooled prevalence estimates, forest plots were
created and sorted based on number of patients included.
Whenever sufficient data were available, subgrouping based on
HER?2 definition was plotted, and subgroup analysis based on
probe, assay, geographical region was also conducted.

A threshold of n>60 patients was chosen for each tissue type
to conduct meta-analysis, as we believe a lower number of
patients would not yield a meaningful meta-analysis.

The Clopper-Pearson interval was used to calculate 95%
confidence intervals in tissue types not eligible for inclusion in
meta-analysis.

R version 4.0.0 and package meta was used.

HER2 Positivity

Various criteria were employed by studies to characterize tumor
tissue as “HER?2 positive”, and each study was labelled according
to criteria employed. When data on both IHC and FISH status
were reported, IHC2+ confirmed by gene amplification or
THC3+ was preferentially defined as HER2 positive.

IHC and FISH Prevalence Among SDC

Data for SDC, both de novo and carcinoma ex pleomorphic
adenoma were sufficient to conduct analysis for specific IHC
status sand gene amplification. Two studies (17, 18) reported
combined estimates of IHCO and IHCI+; this estimate was
divided by two and each half was included in the THCO and
THC1+ analysis respectively.

RESULTS

By the indicated method of study selection (Figure 1), 50 studies
were identified including a total number of 3,372 patients to
study the prevalence of HER2 positivity in SGC (Table 1, full
characteristics of studies, Supplemental S1). Archival tissue was
used in all studies except one; in this study information about
tissue sampling was not available. Nineteen studies were
conducted in Europe, 12 studies in the Americas, eight in Asia,
two in Oceania and one study conducted in both Europe and the
Americas. The following criteria were used in the studies
included to define HER2 positivity: (1) IHC2+ or IHC3+, (2)
IHC3+, (3) IHC2+ and HER2 amplification assessed by ISH or
THC3+, (4) IHC2+ or IHC3+ or HER2 amplification assessed by
ISH, (5) ITHC3+ or HER2 amplification assessed by ISH, (6)
HER2 amplification assessed by ISH, (7) IHC2+ and ISH or
IHC3 and ISH.

Salivary Duct Carcinoma: IHC

Eighteen studies were included in the analysis of prevalence of
protein expression as assessed by IHC in SDC patients. The
estimated prevalence of HER2 scores of IHCO was 31% (95% CIL:
21% - 44%), THC1+ 10% (95% CIL: 6.4% - 15%), IHC2+ 14%
(95% CI: 8.9%-20%), and THC3+ 37% (95% CI: 28%-47%) as
presented in Figure 2. There was significant (p<0.01) and
marked heterogeneity in the IHCO and THC3+ data with I* of
59% and 67%, respectively, but no significant heterogeneity in
the THC1+ and IHC2+ data. There was significant difference
between assays used for all four IHC HER2 scores, for further
information see Supplemental S4.

Salivary Duct Carcinoma: HER2

Gene Amplification

Eighteen studies were included in the analysis. HER2
amplification rate in SDC was found to be 39% (95% CI: 31-
49) as shown in Figure 3. There was significant (p<0.01) and
marked (I 66%) heterogeneity between studies. There was no
significant difference in the estimated prevalence between studies
applying various probes (p=0.12).

Salivary Duct Carcinoma: HER2 Positivity
Thirty-seven studies with a total of 1,105 patients were included
in the random effects model. The model predicted a prevalence of
HER?2 positivity in SDC patients to be 43% (95% CI: 36% - 51%)
depicted in Figure 4. The heterogeneity between the studies was
significant p<0.01, and substantial, I> = 80%. There was
significant difference between assays p=0.0017, although the
differences seemed to level oftf for the most commonly used
assays: Prevalence of 46% (95% CI: 32%- 62%) and 44% (95% CI:
36%- 53%) were estimated for 19 and 11 studies using DAKO
and Ventana assays, respectively. Prevalence of less commonly
used assays are shown in Supplemental S5.

There were no differences in the prevalence between studies
using varying criteria for HER2 positivity (p=0.61) or conducted
in different geographical regions (p=0.16).
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FIGURE 1 | Flowchart describing the methodology of article selection.

Carcinoma Ex Pleomorphic Adenoma
(CEP): HER2 Positivity

Fourteen studies were included in the random effects model with
a total of 218 patients. The model predicted a prevalence of
HER?2 positivity in CEP patients to be 39% (95% CI: 32% - 45%)
depicted in Figure 4. The heterogeneity between studies was not
significant. There were no statistical differences based on the
applied criteria for HER2 positivity (p=0.95), used assays
(p=0.46) or the geographical regions (p=0.48).

Adenocarcinoma NOS (ADC NOS):

HER2 Positivity

Fifteen studies were included in the random effects model with a
total of 275 patients. The model predicted a prevalence of HER2
positivity in ADC NOS tumors of 13% (95% CI: 7.6% - 21%) as
shown in Figure 5. The heterogeneity between studies was not
significant. The prevalence were significantly different when
comparing studies using different criteria for HER2 positivity
(p=0.0052). However, the estimated prevalence was higher in
those studies using the narrowest criteria for HER2 positivity.
Neither geographical region (p=0.47) nor assay (p=0.30) used
was associated with differences in prevalence.

Mucoepidermoid Carcinoma:

HER2 Positivity

Fifteen studies with a total of 591 patients were included in the
random effects model. The model predicted a prevalence of
HER2 positivity in mucoepidermoid carcinoma patients to be
5.5% (95% CI: 2.9% - 9.6%) as seen in Figure 5. The
heterogeneity between studies was moderate 1> = 51% and
statistically significant p=0.050. There were significant
differences in the prevalence between subgroups based on
criteria for HER2 positivity (p=0.0014) and geographical
region (p=0.0002). The broadest criteria defining HER2
positivity as THC2+ and IHC3+ reached prevalence estimates
of 12% (95% CI: 6.4% -21%). Two American studies resulted in
prevalence estimates by the random effect model of 19% (95% CI:
0.16% - 97%), four Asian studies in prevalence estimates of 4.1
(95% CI: 0.41%-30%) and nine studies from Europe in
prevalence estimates of 3.3% (95% CI: 1.8% - 5.9). There was
no significant difference between assays used (p=0.56).

Myoepithelial Carcinoma: HER2 Positivity
Nine studies were included in the random effects model with a
total of 70 patients. The model predicted a prevalence of HER2
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TABLE 1 | Studies included in the meta-analysis.

First Author Year Geographic Region
Khan (19) 2001 America
Skélova (20) 2001 Europe
Dori (21) 2002 Asia
Skalova (22) 2003 Europe
Glisson (17) 2004 America
Weed (23) 2004 America
Di Paima (24) 2005 Europe
Jaehne (25) 2005 Europe
Cornolti (26) 2007 Europe
Nabili (27) 2007 America
Tapia (28) 2007 Europe
Williams (29) 2007 America
Ettl (30) 2008 Europe
Shang (31) 2008 Asia
Locati (32) 2009 Europe
Luukkaa (33) 2010 Europe and America
Williams (34) 2010 America
Clauditz (35) 2011 Europe
Di Paima (36) 2012 Europe
Ettl (37) 2012 Europe
Hashimoto (38) 2012 Asia
Suzuki (39) 2012 Asia
Cros (40) 2013 Europe
Nakano (41) 2013 Asia
Nardi (42) 2013 America
Kondo (43) 2014 Asia
Masubuchi (44) 2014 Asia
Han (45) 2015 Asia
Jakob (46) 2015 America
Nishijima (47) 2015 Asia
Kusafuka (48) 2016 Asia
Locati (49) 2016 Europe
Lemound (50) 2016 Europe
Luk (51) 2016 Oceania
Hashimoto (52) 2017 Asia
Khoo (53) 2017 Oceania
Locati (54) 2017 Europe
Takase (55) 2017 Asia
Andreasen (56) 2018 Europe
Beck (57) 2018 Europe
Boon (58) 2018 Europe
Kanazawa (59) 2018 Asia
Ryu (60) 2018 Asia
Gargano (61) 2019 America
Liang (62) 2019 America
Santana (63) 2019 Europe
Szewczyk (64) 2019 Europe
Villeplet (18) 2019 Europe
Chatzopoulos (14) 2020 America
Hsieh (65) 2020 Europe

Criteria for HER2 Positivity Criteria Number of patients

[HC3 29
IHC2 or IHC3 29
[HC3 32
IHC2 and ISH or IHC3 "

[HC2 or IHC3 136
I[HC2 or IHC3 28
IHC3 iRl

IHC3 34
IHC3 or ISH 13
IHC3 7

IHC2 and ISH or IHC3 12
IHC3 59
IHC2 or IHC3 91

IHC2 or IHC3 46
IHC2 and ISH or IHC3 123
ISH 1

IHC2 and ISH or IHC3 66
IHC3 or ISH 915
IHC2 and ISH or IHC3 42
IHC3 235
IHC2 and ISH or IHC3 31

IHC2 or IHC3 45
IHC3 28
IHC2 or IHC3 31

ISH 19
IHC2 and ISH or IHC3 13
ICH3 and ISH 32
IHC2 and ISH or IHC3 25
IHC2 or IHC3 16
IHC2 or IHC3 50
IHC2 and ISH or IHC3 9

IHC2 and ISH or IHC3 ihl

IHC3 or ISH 37
IHC2 and ISH or IHC3 23
IHC2 and ISH or IHC3 221
ISH 15
IHC2 and ISH or IHC3 28
ICH3 or ISH 151
IHC2 and ISH or IHC3 and ISH 73
IHC2 and ISH or IHC3 15
IHC2 and ISH or IHC3 153
IHC3 34
ISH 28
IHC3 28
IHC3 86
IHC2 and ISH or IHC3 24
IHC2 and ISH or IHC3 115
IHC2 and ISH or IHC3 36
IHC2 and ISH or IHC3 32
IHC2 and ISH or IHC3 33

positivity in myoepithelial carcinoma patients to be 4.3% (95%
CI: 1.4% - 13%) depicted in Figure 6. The heterogeneity between
studies was not statistically significant.

Acinic Cell Carcinoma: HER2 Positivity

Ten studies with 274 patients were included in the random
effects model. The model predicted a prevalence of HER2
positivity in acinic cell carcinoma patients to be 0.45% (95%

CI: 0.0097% - 18%) depicted in Figure 6. The heterogeneity
between studies was not statistically significant but two studies
reported prevalence in the range of 5.4% to 27% while 8 studies
reported a prevalence of 0%.

Adenoid Cystic Carcinoma:

HER2 Positivity

Fifteen studies were included in the random effects model with a
total of 614 patients. The model predicted the prevalence of
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IHC 0 Prevalence
Study Events Total IHCO Prevalence (%) Events 95%-Cl
Assay = Ventana
Kondo 2014 1 138 &— 769 [1.37;33.31]
Beck 2018 4 15 — 26.67 [10.90; 51.95]
Luk 2016 9 23 =t — 39.13 [22.16;59.21]
Hsieh 2020 7 24 — 29.17 [14.91;49.17)
Santana 2019 7 24 — 2917 [14.91;49.17]
Ryu2018 5 28 —w—+ 17.86 [7.88;35.59]
Chatzopoulos 2020 7 32 & 21.88 [11.02;38.75]
Villepelet 2019 9 36 —a— 25.00 [13.75;41.07]
Random effects model 195 - 25.13 [18.51; 33.15]
Assay = DAKO
Kusafuka 2016 2 9 —&+ 2222 [6.32;54.74]
Glisson 2004 1 12— 8.33 [1.49;35.39]
Comnolti 2007 3 1838 —= 23.08 [8.18;50.26]
Clauditz 2011 10 14 —=—— 7143 [4535;8828]
Skalova 2003 0 14E— 0.00 [0.00;21.53]
Han 2015 9 25 —E— 36.00 [20.25; 55.48]
Jaehne 2005 18 34 —a 52.94 [36.74;68.55)
Di Palma 2012 34 42 —— 80.95 [66.70;90.02]
Random effects model 163 ——— 32.70 [11.05; 65.52]
Assay = Neomarkers
Williams 2007 22 84 i 26.19 [17.98;36.48]
Random effects model 84 = 26.19 [17.91; 36.59]
Assay = Labvision
Williams 2010 49 66 = 7424 [62.57,83.25)
Random effects model 66 —_— 74.24 [62.41; 83.35]
Random effects model 508 === 31.16 [20.82; 43.81]
Heterogeneity: /% = 84%, 1 = 1.0655, p < 0.01
Residual heterogeneity: /> = 59%, p < 0.010 20 40 60 80
IHC 2+ Prevalence
Study Events Total IHC2+ Prevalence (%) Events 95%-Cl
Assay = Ventana
Kondo 2014 1 138 &+ 769 [1.37,33.31]
Beck 2018 5 15 L 33.33
Luk 2016 2 23 & 8.70
Hsieh 2020 7 24 — 29.17
Santana 2019 5 24 T 20.83 [9.24;40.47]
Ryu 2018 7 28 — 25.00 [12.68;43.36]
Chatzopoulos 2020 4 32 —&— 12.50 [4.97;28.07]
Villepelet 2019 6 36 — 16.67 [7.87,31.89]
Random effects model 195 o= 18.97 [13.20; 26.51]
Assay = DAKO
Kusafuka 2016 3 9 = 33.33 [12.06;64.58]
Glisson 2004 1 12 &— 8.33 [1.49;3539]
Comolti 2007 0 1BE——— 0.00 [0.00;22.81]
Clauditz 2011 0 14— 0.00 [0.00;21.53]
Skalova 2003 4 14 L 28.57 [11.72;54.65]
Han 2015 3 25 —&— 12.00 [4.17;29.96]
Jaehne 2005 6 34 L 17.65 [8.35;33.51]
Di Palma 2012 0 42 : 0.00 [0.00; 8.38]
Random effects model 163 ~==—— 7.80 [2.00; 25.98]
Heterog 71%, ©° = 1.4
Assay = Neomarkers
Williams 2007 25 84 — 29.76 [21.04;40.25]
Random effects model 84 — 29.76 [20.98; 40.35]
Assay = Labvision
Williams 2010 3 66 =— 455 [1.56;12.53]
Random effects model 66 <= 4.55 [1.47;13.17]
Random effects model 508 <= 13.60 [8.93;20.15]
Heterogeneity: I = 65%, = 0.5680, p = 0.13
Residual heterogeneity: /°=0%,p=068 0 10 20 30 40 50 60

FIGURE 2 | Forrest plot of prevalence estimates for HER2 protein expression assessed by IHC in salivary duct carcinomas.

IHC 1+ Prevalence

Study Events Total IHC1+ Prevalence (%) Events 95%-Cl
Assay = Ventana
Kondo 2014 4 13 — =+ 30.77 [12.68;57.63]
Beck 2018 4 15 — = 26.67 [10.90; 51.95]
Luk 2016 5 23 — 21.74 [9.66;41.90]
Hsieh 2020 1 24 &——— 417 [0.74;20.24]
Santana 2019 1 24 &—F— 417 [0.74;20.24]
Ryu2018 2 28 —&——— 7.14 [1.98;2265]
Chatzopoulos 2020 3 32 &=F—— 9.38 [3.24;24.22)
Villepelet 2019 9 36 — 25.00 [13.75;41.07]
Random effects model 195 g 14.00 [7.50; 24.64]
Assay = DAKO
Kusafuka 2016 0 e 0.00 [0.00;29.91]
Glisson 2004 1 12 —&F— 8.33 [1.49;35.39]
Cornolti 2007 0 1BE—— 0.00 [0.00;22.81]
Clauditz 2011 1 14 s 714 [1.27,31.47)
Skalova 2003 0 14— 0.00 [0.00;21.53]
Han 2015 6 25 —a 24.00 [11.50;43.43]
Jaehne 2005 3 4 & 8.82 [3.05;22.96]
Di Palma 2012 1 42 = 238 [0.42;12.32]
Random effects model 163 <~ 5.48 [1.61;17.03]
Assay = Neomarkers
Williams 2007 16 84 e 19.05 [12.08;28.72]
Random effects model 84 —_— 19.05 [12.01; 28.86]
terogeneity: not applicat
Assay = Labvision
Williams 2010 4 66 = 6.06 [2.38;14.57]
Random effects model 66 <= 6.06 [2.29; 15.06]
1 o] 1ot appli
Random effects model 508 == 10.05 [6.43; 15.36]

Heterogeneity: /° = 56%, <° = 0.4695, p = 0.09
Residual heterogeneity: /2 =26%, p=0.160 10 20 30 40 50

IHC 3+ Prevalence

Study Events Total IHC3+ Prevalence (%) Events 95%-ClI
Assay = Ventana
Kondo 2014 7 13 — 53.85 [29.14;76.79]
Beck 2018 2 15— 13.33 [3.74;37.88]
Luk 2016 7 23 — 30.43 [15.60; 50.87]
Hsieh 2020 9 24 — 37.50 [21.16;57.29]
Santana 2019 1 24 — 45.83 [27.89;64.93]
Ryu2018 14 28 i 50.00 [32.63;67.37)
Chatzopoulos 2020 18 32 — 56.25 [39.33;71.83]
Villepelet 2019 12 36 —= 33.33 [20.21;49.67]
Random effects model 195 — 40.59 [30.85; 51.15]
Assay = DAKO
Kusafuka 2016 4 9 — L 44.44 [18.88;73.33]
Glisson 2004 9 12 —+—— 75.00 [46.77;91.11]
Cornolti 2007 10 13 ——— 76.92 [49.74;91.82]
Clauditz 2011 3 14 —&—— 21.43 [7.57;47.59]
Skalova 2003 10 14 —— = T71.43 [45.35;88.28]
Han 2015 7 25 —a 28.00 [14.28;47.58)
Jaehne 2005 7 34 —a— 20.59 [10.35; 36.80]
Di Palma 2012 7T 42 == 16.67 [8.32;30.60]
———— 41.42 [21.15; 65.09]

Random effects model 163 ———=
S ity ¢ 1 ).01

Assay = Neomarkers

Williams 2007 21 84 — 25.00 [16.97;35.21]
Random effects model 84 - 25.00 [16.90; 35.33]

Assay = Labvision

Williams 2010 10 66 —&— 15.15 [8.44;25.69]

Random effects model 66 ~—==— 15.15 [8.35; 25.92]
eterogeneity: not applicable

Random effects model 508 — 36.83 [27.85; 46.82]

2 = = 1 7T 1
Heterogeneity: /> = 75%, ©* = 0.5718, p < 0.01
Residual heterogeneity: I° = 67%, p < 0.01 20 40 60 80

HER?2 positivity in adenoid cystic carcinoma patients to be 0.15%
(95% CI: 0.037% — 5.4%) depicted in Figure 6. The heterogeneity
between studies was not statistically significant but three studies
reported prevalence of 4.3%, 6.9% and 36% while 12 studies
reported a prevalence of 0%.

HER2 Positivity of Other Histological
Subtypes

The low number of patients precluded the conduction of
meaningful meta-analysis for the following histological
subtypes (Full details of studies in Supplemental S5): For
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Study Events Total HER2 ampilificiation (%) Events 95%-Cl
Probe = Ventana

Skalova 2003 4 10 40.00 [16.82;68.73]
Kondo 2014 5 13 - 38.46 [17.71;64.48]
Ryu 2018 18 28 o 64.29 [45.83;79.29]
Random effects model 51 — R — 51.98 [19.44; 82.92]
Heterogeneity: /1 =15%. t©=0.0482. p = 0.2

Probe = PathVysion

Kusafuka 2016 2 9 —=a———— 2222 [6.32;54.74]
Clauditz 2011 3 14— 2143 [7.57;47.59]
Nabili 2007 3 P4 42.86 [15.82; 74.95]
Khoo 2017 6 15 — s 40.00 [19.82;64.25]
Santana 2019 7 15 — e 46.67 [24.81;69.88]
Luk 2016 7 23 — s 30.43 [15.60; 50.87]
Di Palma 2012 7 42 =— 16.67 [8.32;30.60]
Cornolti 2007 8 13 - a 61.54 [35.52; 82.29]
Williams 2010 8 66 —+— 1212 [6.27;22.14]
Nardi 2013 8 27 — s 29.63 [15.85; 48.48]
Locati 2009 10 19 e 52.63 [31.71;72.67]
Chatzopoulos 2020 19 32 — = 590.38 [42.26; 74.48]
Random effects model 282 —_— 33.73 [22.94; 46.53]
Heterogeneity: I~ = 66%, ©~ = 0.4500, p < 0.01

Probe = DAKO

Masubuchu 2014 13 32 — s 40.62 [25.52;57.74]
Random effects model 32 —_— 40.62 [25.26; 58.08]
Heterogeneity: not applicable

Probe = ZytoVision

Ettl 2012 14 — e 4516 [29.16;62.23]
Random effects model 31 —_— 45.16 [28.87; 62.56]
Heterogeneity: not applicable

Probe = ABOTT

Suzuki 2012 7 9 ——————— T7.78 [45.26;93.68]
Random effects model 9 ————=====—— 77.78 [42.10; 94.40]
Heter eity: not applicable

Random effects model 405 == 39.12 [30.47; 48.50]
Heterogeneity: /2 = 66%, 1> = 0.4311, p <0.01 ' ! . :

Residual heterogeneity: /2 = 67%, p < 0.01 20 40 60 80

FIGURE 3 | Forrest plot of HER2 gene amplification rate in SDC assessed by in situ hybridization.

epithelial-myoepithelial carcinoma, 56 patients were included in
two studies reporting a single HER2 positive tumor
corresponding to a prevalence of 1.8% (95% CI: 0.04%-9.6%).

Seven out of 39 patients with squamous cell carcinoma in five
studies had HER2 positive tumor corresponding to a prevalence
of 17% (95% CI: 7.5%-33%). For poorly differentiated carcinoma,
15 patients were included in four studies with one HER2 positive
tumor corresponding to 6.7% (95% CI: 0.17%-32%).

One study reported on nine patients with intraductal
carcinoma with one HER2 positive case corresponding to 11%
(95% CI: 0.28% - 48%).

Three studies included 50 patients with polymorphous
adenocarcinoma, five studies included 33 patients with basal
cell carcinoma, and three studies included 14 patients with
oncocytic carcinoma. In all three tumor types, no HER2

positive cases were identified. Two studies reported a total of
five patients with lymphoepithelial carcinoma of which zero were
HER2 positive.

One study reported one patient with clear cell carcinoma
which was not HER2 positive.

DISCUSSION

The present work is the first comprehensive meta-analysis
providing reliable estimates of the prevalence of HER2
positivity in salivary gland carcinomas including its histological
subtypes. The results are summarized in Tables 2 and 3. Our
results show that salivary gland tumors are very heterogeneous
with respect to HER2 positivity ranging from 0% up to 43% with
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Salivary Duct Carcinoma

Carcinoma ex pleomorphic adenoma

Study Events Total HER?2 Positivity (%) Events 95%-Cl Study Events Total HER?2 Positivity (%) Events 95%-Cl
her2crit =IHC2 and ISH or IHC3 her2crit = IHC2 and ISH or IHC3
Kondo 2014 4 4 100.00 [51.01; 100.00] Kondo 2014 3 9 T 3333 [12.06; 64.58)
Locati 2015 0 SE— 0.00 [0.00; 43.45] Santana 2019 4 1 ] 36.36 [15.17; 64.62)
Kusafuka 2016 7 9 — 77.78 [45.26; 93.68] Szewczyk 2019 3 13 —&—— 23.08 [8.18; 50.26]
Skalova 2003 6 1 —— 5455 [28.01; 78.73] Hashimoto 2012 13 3 —a— 4194 [26.42; 59.23]
Santana 2019 7 13 — 53.85 [29.14; 76.79) Hashimoto 2017 19 44 —E— 43.18 [29.68; 57.78]
Szewczyk 2019 7 16 — 4375 [23.10; 66.82] Random effects model 108 — 38.89 [26.89; 52.40]
Luk 2016 7 23 T 3043 [15.60, 50.87) leter eity 0 0
Hsieh 2020 1M1 24 —_— 4583 [27.89; 64.93]
Locati 2009 10 25 —— 40.00 [23.40; 59.26] her2crit = IHC2 or IHC3
Han 2015 7 25 — 28.00 [14.28; 47.58] Skalova 2001 2 2 ————51100.00 [34.24; 100.00)
Chatzopoulos 2020 19 32 —— 59.38 [42.26; 74.48] Glisson 2004 1 4 —B—F 2500 [4.56; 69.94]
Hashimoto 2017 15 32 — 46.88 [30.87; 63.55] Suzuki 2012 3 7 —_—— 4286 [15.82; 74.95)
Villepelet 2019 13 36 —= 36.11 [22.48; 52.42) Ettl 2008 4 13 — 30.77 [1268; 57.63]
Di Palma 2012 7 42 - 16.67 [8.32; 30.60] Nishijima 2015 21 50 — 42.00 [29.38; 55.77)
Williams 2010 10 66 -—=— 15.15 [8.44; 25.69] Random effects model 76 —Tm— 40.79 [26.49; 56.84]
Boon 2018 45 153 - 29.41 [22.77, 37.06] et = - =
Random effects model 516 -~ 38.48 [28.73; 49.26]
1 = [ her2crit=IHC3
Beck 2018 2 4 —B— 50.00 [15.00; 85.00]
her2crit = IHC2 or IHC3 Di Palma 2005 6 1 —a 54.55 [28.01; 78.73]
Glisson 2004 10 12 ——— 8333 [5520;9530]  Cros2013 1 13— 769 (1.37 3331)
Suzuki 2012 6 12 —_— 50.00 [25.38; 74.62) Random effects model_ 28 ——===———— 3193 [2.05; 91.32]
Ettl 2008 2 12 —E— 16.67 [4.70; 44.80) erogeneity: I 2= :
Skalova 2001 14 15 — 09333 [70.18; 98.81]
Random effects model 51 —————=————  65.60 [11.52; 96.57] her2crit = IHC3 or ISH
o ) C Lemound 2016 2 6 —&— ; 70.00]
Random effects model 6 ———eEEE———— 73.19]
her2crit = IHC3 er el 0t 2 able
Cros 2013 1 3333 [6.15, 79.23]
Nabili 2007 7 10000 6457, 10000]  Random effects model 218 < 38.63 [32.31; 46.16]
Beck 2018 1 909 [1.62; 37.74] Heterogeneity: /% = 0%, ©°
Gargano 2019 1 39.29 (2357, 57.59] Residual heterogeneity: /* = 0%, p = 0.64 20 40 60 80 100
Ettl 2012 16 51.61 [34.84; 68.03]
Jaehne 2005 7 2050 [10.35; 36.80]
Kanazawa 2018 18 5294 [36.74; 68.55]
Liang 2019 25 43.10 [31.18; 55.88]
Williams 2007 16 27.12 [17.44; 39.60]
Random effects model 39.61 [24.59; 56.88]
her2crit = IHC3 and ISH
Masubuchi 2014 13 4062 [25.52; 57.74]
Random effects model 40.62 [25.26; 58.08]
her2crit = |HC3 or ISH
Lemound 2016 0 11— 0.00 [0.00; 79.35]
Cornotti 2007 10 13 — 76.92 [49.74; 91.82)
Clauditz 2011 3 14 —a—t 2143 [7.57, 47.59]
Takase 2017 70 151 s 46.36 [38.59; 54.30]
Random effects model 179 ——— 45.07 [14.54; 79.83]
her2crit = ISH
Khoo 2017 6 15 —a 4000 [19.82; 64.25]
Nardi 2013 8 19 — 4211 [23.14; 63.72)
Ryu 2018 18 28 —a— 6429 [45.83; 79.29]
Randum effects model 62 —f_}— 51.13 [23.05; 78.52]
Random eﬂects model 1105 42.95 [35.48; 50.75]
Heterogeneity: I = 80%, > = 0.6606, p < 0.01
Residual heterogeneity: 7= 62%,p<0010 20 40 60 80 100
FIGURE 4 | Forrest plot of HER2 Prevalence among SGC subtypes: Salivary Duct Carcinoma and Carcinoma ex pleomorphic adenoma.
Adenocarcinoma NOS Mucoepidermoid Carcinoma
Events Total HER2 Positivity (%) Events 95%-Cl Study Events Total HER2 Positivity (%) Events 95%-Cl
her2crit =IHC2 and ISH or IHC3 her2crit = IHC2 and ISH or IHC3
Locati 2017 0 1E— 0.00 [0.00;79.35] Tapia 2007 0 3 0.00 [0.00;56.15]
Tapia 2007 03— - 0.00 [0.00;56.15] Locati 2009 0 5B 0.00 [0.00; 43.45]
Locati 2015 2 5 = —————— 4000[1176,76.93] Szewczyk 2019 0 16E+— 000 [0.00; 19.36]
Szewczyk 2019 113 7.69 [1.37;33.31] Locati 2017 2 2 -B— 9.09 [253;27.81]
Hashimoto 2017 3 1 A 21.43 [7.57;47.59] Hashimoto 2017 0 34— 0.00 [0.00; 10.15]
Locati 2009 3 24 12.50 [4.34;31.00] Random effects model 80 EE=———m— 1.47 [0.02; 58.34]
Random effects model [ 15.00 [6.51; 30.89] ete ity 1% = 44%. 1> = 1.2301. p = 1.00
I = 0% =0,p=071
N her2crit = IHC2 or IHC3
her2crit = IHC2 or IHC3 Skalova 2001 1 3 ————B——————— 3333 [6.15,79.23]
Skalova 2001 0 E— 0.00 [0.00;79.35) Suzuki 2012 | - —— 0.00 [0.00: 35.43]
Suzuki 2012 0 1E— 0.00 [0.00; 79.35] Glisson 2004 3 14 ——— 21.43 [7.57;47.59]
Ettl 2008 1 3 —7———= 3333 [6.1579.23] Ettl 2008 2 15 +E— 13.33 [3.74;37.88]
Glisson 2004 3 21 = 14.29 [4.98;34.64] Weed 2004 5 28 i—E— 17.86 [7.88;35.59]
Random effects model 26 =—cEEE————— 15.38 [3.12; 50.63] Nakano 2013 4 31 HE— 12.90 [5.133 28.85]
ty:I”=0 =0,p =089 Shang 2008 2 46 B— 435 [1.20;1453]
Random eﬁ‘ects model = 11.85 [6.39; 20.93]
her2crit =1HC3 12=99 .0
Cros 2013 2 12 —E— 16.67 [4.70;44.80]
Liang 2019 6 28 +@— 21.43 [10.21; 39.54] her2crit = IHC3
Ettl 2012 7032 T 21.88 [11.02; 38.75] Ett 2012 9 38 =— 263 [0.47;13.49]
Random effects model 72 == 20.83 [7.02; 47.84] 38 <= 2.63 [0.37; 16.46]
17 =09 =093
her2crit=IHC3 or ISH her2crit=IHC3 or ISH
Lemound 2016 16— 16.67 [3.01;56.35] Lemound 2016 0 10— 0.00 [0.00;27.75]
Clauditz 2011 2 1ME 1.75 [0.48; 6.17] Clauditz 2011 8 319 251 [1.28; 4.87]
Random effects model 120 =50 [0.00; 97.74] Random effects model 2.43 [0.03; 70.18]
jeneity: I = 0%, =0, p = 0.0¢ § feterogeneity: /° = 0f =0,p=1.00
Random effec}s model 278 <> 12.80 [7.59; 20.79] Random eﬁects model 591 < 5.45 [2.91; 9.97]
Heterogeneity: /° = 43%, t =0.4579,p = 051 Heterogeneity: = 51%, ( 2206113, p= 05
Residual heterogeneity: I° = 0%, p =079 0 20 40 60 Residual heterogeneity: /> = 0%, p =0.93 0 20 60

FIGURE 5 | Forrest plot of HER2 Prevalence among SGC subtypes: Adenocarcinoma NOS and Mucoepidermoid Carcinoma.
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Myoepithelial carcinoma

Acinic Cell Carcinoma

Study HER2 definition ~ Events Total HER2 Positivity (%) Events  95%-Cl  Study HER2 definition ~ Events Total Acinic Cystic Carcinoma (%) Events  95%-Cl
Skalova 2001 IHC2 or HC3 0 1E———————————— 000 [000;7935]  Skalovd 2001 IHC2 or IHC3 0 1E———— 000 [0.00;79.35)
Hashimoto 2017 IHC2 and ISH or IHC3 0 fF————————— 000 [0.00;7935]  Locati2017  IHC2andISH orIHC3 04— 0.00 [0.00;48.99]
Glisson 2004 IHC2 or IHC3 0o B— 0.00 [0.00;65.76]  Tapia 2007 IHC2 and ISH or IHC3 0 BE— 000 [0.00;48.99]
Suzuki 2012 IHC2 or HC3 T 3333 [6.15,7923]  Suzuki 2012 IHC2 or IHC3 0 eE— 0.00 [0.00;39.03]
Locati 2009 IHC2 and ISH or HC3 0 sSE— 000 [0.00;4345]  Glisson 2004 IHC2 or IHC3 0 sE——— 000 [0.00;32.44]
Szewczyk 2019 IHC2 and ISH or IHC3 0 oE——0 000 [0.00;2991]  Ett2008 IHC2 or HC3 3 11 —a— 27.27 [9.75,56.56]
Luukkaa 2010 ISH 1 11 & 9.09 [1.62;37.74] Szewczyk 2019 IHC2 and ISH or IHC3 0 15— 0.00 [0.00; 20.39]
Ett 2012 IHC3 118 E—— 556 [0.99;25.76]  Hashimoto 2017 IHC2 and ISH or IHC3 0 18— 000 [0.00;17.59]
Clauditz 2011 IHC3 or ISH 0 20B— 000 [0.00;16.11]  Ett2012 IHC3 2 37 iEm— 541 [150;17.70]

Clauditz 2011 IHC3 or ISH 0 170K 000 [0.00; 2.21]
Random effects model 70 < 4.29 [1.39; 12.46]
Heterogeneity: /> = 0%, t° =0, p = 0.98 Random effects model 274 === 0.45 [0.01; 17.73]
0 20 40 60 Heterogeneity: I = 82%, 1° = 6.4220, p = 0.4
0 20 40 60

Adenoid Cystic Carcinoma
Study HER2 definition ~ Events Total HER2 Positivity (%) Events 95%-Cl
Locati 2017 IHC2 and ISH or IHC3 0 1 0.00 [0.00;79.35]
Skalova 2001 IHC2 or IHC3 0 2 B 000 [0.00;65.76]
Suzuki 2012 IHC2 or IHC3 0 5 F——— 000 [0.00;4345]
Lemound 2016 IHC3 or ISH 0 14— 000 [0.00;21.53]
Jakob 2015 IHC2 or IHC3 0 16— 0.00 [0.00;19.36]
Ettl 2008 IHC2 or IHC3 9 25 —a— 36.00 [20.25; 55.48]
Khan 2001 IHC3 2 g0 A 690 [1.91;21.96]
Dori 2002 IHC3 0 32— 000 [000;10.72]
Szewczyk 2019 IHC2 and ISH or IHC3 0 3BE— 0.00 [0.00;10.43]
EMI 2012 0 46— 000 [000; 7.71]
Hashimoto 2017 IHC2 and ISH or IHC3 0 53 000 [0.00; 6.76]
Locati 2009 IHC2 and ISH or IHC3 0 60 I 000 [0.00; 6.02]
Glisson 2004 IHC2 or IHC3 3 70 i@ 429 [147;1186]
Andreasen 2018 IHC2 and ISH or[HC3andISH 0 73 IE- 0.00 [0.00; 5.00]
Clauditz 2011 IHC3 or ISH 0 1551 000 [0.00; 2.42]
Random effects model 614 [ 0.15 [0.00; 5.38]

Heterogeneity: /% = 90%, t2 = 95723, p = 0.42
0 20 4 60
FIGURE 6 | Forrest plot of HER2 Prevalence among SGC subtypes: Myoepithelial carcinoma, Acinic Cell Carcinoma, Adenoid Cystic Carcinoma.

TABLE 2 | Summary of results.

Histological Subtype Study Included Number of patients HER2 positivity estimate (95% Cl)

Salivary duct carcinoma 37 1105 43% (95% Cl: 36% — 51%)

Carcinoma ex pleomorphic adenoma 14 218 39% (95% Cl: 32% — 45%)

Squamous cell carcinoma 5 39 17% (7.5%-33%)

Adenocarcinoma NOS 14 274 13% (7.6% — 21%)

Intraductal carcinoma 1 9 11% (0.28% — 48%)

Poorly differentiated carcinoma 4 15 6.7% (0.17%-32%).

Mucoepidermoid carcinoma 15 591 5.5% (2.9% - 9.6%).

Myoepithelial carcinoma 9 70 4.3% (1.4% — 13%)

Epithelial-myoepithelial carcinoma 2 56 1.8% (0.04%-9.6%)

Acinic cell carcinoma 10 274 0.45% (0.0097% — 18%)

Adenoid cystic carcinoma 14 541 0.15% (0.087% — 5.4%)

Polymorphus adenocarcinoma 3 50 0%

Basal cell carcinoma 5 33 0%

Oncocytic carcinoma 3 14 0%

Lymphoepithelial carcinoma 2 5 0%

Clear cell carcinoma 1 1 0%

Total 50 3372

the highest prevalence in SDC which both genomically and
morphologically resembles invasive ductal carcinoma of the
breast (15). Interestingly, similar frequency measures were seen
in histologically related tumors, since both SDC and CEP, as well

as epithelial-myoepithelial and myoepithelial carcinoma have
comparable estimates. Furthermore, a tendency was noted
towards increasing frequency of HER2 positivity in tumor
types derived from salivary gland ducts compared to tumors

TABLE 3 | Summary of HER2 protein expression assessed by IHC and HER2 amplification assessed by ISH among SDC patients in the meta-analysis.

Scores of HER2 protein expression Rate of prevalence (95% CI) Rate of prevalence of overall HER2 amplification by ISH (95% CI)
IHCO 31% (21-44) 39% (95% Cl: 31-49)

IHC1+ 10% (6.4-15)

IHC2+ 14% (8.9-20)

IHC3+ 37% (28-47)
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with origin from cells with exocrine function. Accordingly, SDC
and SCC displayed high prevalence compared to acinic cell
carcinomas and adenoid cystic carcinomas with virtually no
HER?2 expression. Caution should be advised when evaluating
the prevalence estimates of rare histological subtypes with small
number of patients and no identified HER2 positive cases.

There was sufficient data in four histological subtypes, SDC,
CEP, ADC NOS and mucoepidermoid carcinoma to conduct
subgroup analyses of the IHC assay used and its correlation with
HER2 prevalence. In three of the subgroup analyses: CEP, ADC
NOS and mucoepidermoid carcinoma there was no significant
difference between the IHC assays used. However, in SDC there
was a significant difference based on the IHC assay used, but no
difference between probes used in ISH analysis of HER2
amplification (Figures 2, 3). The difference based on IHC
assay used may in part be due to inter-observer variability
which is thought to be higher when scoring IHC, compared to
ISH scoring which is more objective and quantitative (66). Of
note, differences disappeared when comparison was restricted to
the two most commonly used IHC assays, DAKO and Ventana.
There was similarity in frequency measures in IHC and ISH
derived estimates of HER2 positivity and amplification of 43%
(95% CI: 36% - 51%) and 39% (95% CI: 31-49) respectively.

The criteria used to define HER2 positivity varied among
studies with seven different definitions being employed.
Subgroup differences between criteria applied to define HER2
positivity were also analyzed (Figures 4, 5). A significant
difference depending on the criteria used was observed in ADC
NOS and mucoepidermoid carcinoma, in the latter the broadest
definition of HER2 positivity of IHC2+ and IHC3+ also yielded
the highest prevalence estimate, but this pattern was not as clear
in the ADC NOS subgroup analysis. In subtypes with higher
prevalence i.e. SDC and CEP subgroup analyses, use of varying
criteria did not seem to result in differences in estimated
prevalence. Our estimates are limited by these varying criteria
for HER2 positivity used in the included studies.

In recent years, it has become common to use IHC2+
confirmed by ISH or IHC3+ as the definition of HER2
positivity as a threshold for using HER2 targeted therapies. In
SGC HER? is often evaluated by use of a HER2 scoring system
developed in breast cancer with the use of a threshold chosen
based upon clinical response in patients with breast cancer (67).

Another quite unique application of HER2 testing in SGC is
its use in the diagnosis of SDC, since this subtype has a higher
prevalence of HER2 overexpression and gene amplification than
other subtypes.

There is no generally accepted standard treatment of
metastatic SGC, and the role of HER2 targeted therapy in this
setting is still unclear. Currently there is not sufficient data on
newer HER2 targeted drugs in SGC to further define which
patient population benefits from the treatment. As such, defining
the specific cut-off value to decide which patients should be
regarded as “HER2 positive” to receive HER2 targeted therapy
remains to be answered. One step in this direction may be the
HER2 scoring criteria for SGC proposed by Chatzopoulos et
al. (14).

While HER2 treatment results in survival benefits in breast,
gastric and esophageal ADC, only limited data are available in
SGC. Single agent HER2 directed therapy antitumor effect in
patients with HER2 positive SGC is at best modest (7, 8). Several
resistance mechanisms have been proposed for HER2 targeted
therapy including HER2 receptors lacking extracellular
trastuzumab binding domain, upregulation of other tyrosine
kinase receptors or alteration of downstream components
resulting in aberrant PI3K/Akt/mTOR pathways (68).

But an exact reason to why response with these drugs seem
lower in SGC compared to breast cancer and gastric and
esophageal ADC has yet to be found. However, HER2 still
remains an important potential target for therapies. Thus,
promising strategies have emerged applying dual HER2
blockage with trastuzumab and pertuzumab or combining with
chemotherapy (trastuzuamb/docetaxel) or as a drug-antibody-
conjugate (ado-trastuzumab-emtasine) (9-11).

In summary, the expression of HER2 in SGC is very
heterogeneous between and within histological subtypes. The
prevalence of HER2 positivity ranged from 0% to 43% in 3,372
patients with sixteen subtypes of SGC. HER2 positivity was most
prevalent in SDC and in some tumor subtypes derived from
exocrine cells virtually no HER2 expression was reported.
Prospective clinical trials are needed to further evaluate novel
HER? directed therapy and to establish the optimal definition of
HER?2 positivity based on treatment response in SGC with high
prevalence of HER2 positivity.
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Single-cell transcriptomic
analysis of the tumor ecosystem
of adenoid cystic carcinoma
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Adenoid cystic carcinoma (ACC) is a malignant tumor that originates from
exocrine gland epithelial cells. We profiled the transcriptomes of 49,948 cells
from paracarcinoma and carcinoma tissues of three patients using single-cell
RNA sequencing. Three main types of the epithelial cells were identified into
myoepithelial-like cells, intercalated duct-like cells, and duct-like cells by
marker genes. And part of intercalated duct-like cells with special copy
number variations which altered with MYB family gene and ENI1
transcriptomes were identified as premalignant cells. Developmental
pseudo-time analysis showed that the premalignant cells eventually
transformed into malignant cells. Furthermore, MYB and MYBL1 were found
to belong to two different gene modules and were expressed in a mutually
exclusive manner. The two gene modules drove ACC progression into different
directions. Our findings provide novel evidence to explain the high recurrence
rate of ACC and its characteristic biological behavior.
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1 Introduction

Adenoid cystic carcinoma is a kind of malignant tumor
of the exocrine glands. The annual incidence of salivary
gland ACC has been reported to be 0.16 to 0.14 per
100,000 populations (1). Compared with other solid
tumors, ACC is characterized by more aggressive behavior,
perineural invasion, early pulmonary metastasis, and a
higher rate of positive incision edge (2).The current
clinical treatment for ACC is surgery and adjuvant
radiotherapy but recurrence or metastasis still occurs in
more than 50% ACCs (3). The survival rates of 5 years, 10
years, and 20 years is 68%, 52%, and 28% respectively,
indicating the bad prognosis (4).

Histopathologically, ACC is a type of epithelial tumor
comprised of ductal and myoepithelial cells. The expression of
MYB is the gold standard for diagnosis of ACC (4, 5). With the
widespread use of whole exome sequencing (WES) and whole
genome sequencing (WGS), its internal oncogenic mechanism
has been gradually revealed, such as the MYB family gene
translocation (6), the Notch signal pathway (7), and the DNA
damage repair (8) and epigenetic molecular mutation pathways
(9). However, the underlying molecular mechanisms of tumor
development remain unexplained clearly.

Single-cell RNA sequencing (scRNA-seq) (10) can be used to
observe the evolution of individual cells in various
paracarcinoma and carcinoma tissues. It is widely used in
breast cancer (11), ovarian cancer (12), non-small-lung cancer
(13), pancreatic ductal adenocarcinoma (14), and other cancers.
Nevertheless, scRNA-seq is poorly reported in ACC.

In this study, we analyzed the epithelial cell clusters in the
paracarcinoma and carcinoma tissues of three patients and
aimed to elucidate the mechanisms of ACC at the single-cell
transcriptional level. Our findings revealed the possible origin of
ACC cells and mapped the progression of tumor development at
the transcriptional level.

2 Results

2.1 Overview of cell population in the
ACC tumor ecosystem

The tumor ecosystem of ACC was examined using scRNA-seq
of digested living cells derived from ACC paracarcinoma and
carcinoma tissues using a 10x Genomics-based platform
(Figure 1A). A total of 49,948 cells from the parcarcinoma and
carcinoma tissues of three ACC patients were captured using the
sequencer and 42,714 cells were retained for downstream analysis
after quality control filtering (Supplementary Table 1). The results
of the staining pathologic sections of three patients are shown in
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Supplementary Figure 1. The clinicopathological characteristics of
three patients are listed in Supplementary Table 2.

Unsupervised clustering of the cells identified 13 cell types,
including fibroblasts, epithelial cells, endothelial cells, basal cells,
T or natural killer cells, smooth muscle cells, myeloid cells,
muscle satellite cells, mast cells, skeletal muscle cells, lymphatic
endothelial cells, Schwann cells, and an unknown cell cluster,
which was a mixture of plasma cells, B cells, and fibroblasts
(Figure 1B and Supplementary Figure 2B).

Uniform manifold approximation and projection (UMAP)
visualization of the hallmark genes expressed in each cell subtype
was performed (Figure 1C). The dot plots show the well-
expressed marker genes in corresponding cell types
(Supplementary Figures 2A, C). The complex tumor ecosystem
comprised 40.1% epithelial cells, 27.9% fibroblasts, 11.3% T/NK
cells, 10.8% endothelial cells, and a small number of other cells
(Figure 1D). Notably, basal cells only existed in sample 0222
paracarcinoma tissue, whereas smooth muscle cells, muscle
satellite cells, unknown cells, skeletal muscle cells, and
Schwann cells only existed in sample 7420 paracarcinoma and
carcinoma tissues (Figure 1E).

The proportion of cell types in the paracarcinoma and
carcinoma tissues were examined. The proportion of epithelial
cells was 9.3% in paracarcinoma, while in carcinoma was 40.1%.
In contrast, the proportion of endothelial cells in paracarcinoma
and carcinoma were 24.0% and 10.8%, respectively (Figures 1D,
E). Considering ACC is a malignant tumor that originates from
epithelial cells, the transcriptome characteristics of epithelial
cells were further evaluated in the study.

2.2 Various subtypes of epithelial cells
play different roles in tumor progression

The 9,685 epithelial cells present were categorized as three
subtypes (Figure 2A): myoepithelial-like cells (MECs, ACTA2"/
MYH11"/CNN1"), intercalated duct-like cells (Inter-Duct 1-7,
KRT19+/AQP5+/KIT+), and duct-like cells (Duct 1 and Duct 2,
KRT19+/AQP5-/KIT-). MUC5B, which is a mucinous acinar
marker, was expressed at lower levels in a few subtypes, such as
Inter-Duct 5. Moreover, MUC?7, which is a serious acinar
marker, was barely expressed in any subtypes (Figure 2B). In
the paracarcinoma tissues, Inter-Duct 1, Inter-Duct 3, Duct 1,
Inter-Duct 4, and MECs accounted for 34.7%, 21.9%, 15.6%,
12.2%, and 8.0% of the epithelial cells, respectively. In the
carcinoma tissues, MECs, Inter-Duct 5, and Duct 2 accounted
for 18.7%, 7.0%, and 3.4% of the epithelial cells,
respectively (Figure 2C).

Each cluster was analyzed to identify differentially expressed
genes. HESI and ID4 were highly expressed in Inter-Duct 3
cells. CENPF, TOP2A, and MK167 were highly expressed in
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Overview of THE ACC tumor microenvironment. (A) Workflow for collecting clinical samples and processing scRNA-Seq data. (B) UMAP of 13
cell populations from six samples. PC, paracarcinoma; C, carcinoma. (C) Cell subtypes were labeled in the UMAP plot using typical markers. (D)
The abundance of each cell population in the paracarcinoma and carcinoma tissues. (E) The relative abundance of 13 cell clusters in the
paracarcinoma and carcinoma tissues. Error bars are presented as mean values + SD.

Inter-Duct 4 cells. ACTA2 and TP63 were highly expressed in
MECs. SCGB3A1, MMP7, and ZG16B were highly expressed in
Inter-Duct 5 cells. SRGN, CCL5, and CREM were highly
expressed in Inter-Duct6 cells. PLVAP and PECAMI1 were
highly expressed in Inter-Duct 7 cells (Figure 2D).

Gene set variation analysis (GSVA) revealed the function of
the different epithelial clusters. Notch signaling pathway, MYC
targets, DNA replication process, oxidative phosphorylation,
Wnt B-catenin, and Pi3k-Akt-mTOR signaling pathway were
upregulated in Inter-Duct 3-4 cells. Duct 2 and MECs were
involved in epithelial-mesenchymal transformation,
angiogenesis, myogenesis, and apical junction. Inter-Duct 5-7
cells showed high expression of immune-related genes and were
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enriched for pathways including interferon o/y response,
allograft rejection, and IL6 JAK STATS3 signaling (Figure 2E).
These results suggested that each epithelial cluster was
enriched for different signaling pathways. Inter-Duct 3-4 cells
were enriched for activation of tumor progression pathways and
Inter-Duct 5-7 cells may be involved in the immune response.
Differences in gene expression programs of three main
epithelial cell clusters were performed by non-negative matrix
decomposition. Hierarchical clustering identified five expression
programs that varied within the Inter-Duct cells, including cell
cycle, extracellular matrix organization, epidermal development,
stress response, and regulation of neuron death. Three gene
expression programs were found in MECs, including epithelial
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Different epithelial cell subtypes with specific functions. (A) UMAP visualization of 10 epithelial cell subtypes across the three patients. (B) Violin
plots showing the expression of duct, acinar, and myoepithelial cells markers in epithelial cells subtypes. (C) The relative abundance of 10
epithelial cell subtypes in the paracarcinoma (PC) and carcinoma (C) tissues. (D) Heatmap of differentially expressed genes in epithelial cell
clusters. (E) Heatmap showing differences in 50 hallmark pathways enrichment scores among each epithelial cell subtype. (F) Heatmap showing
pairwise correlations of intratumoral programs derived from Inter-Duct (top) and myoepithelial-like cells (bottom). Coherent expression

programs across tumors are marked on the right.

cell migration and proliferation, neurotransmitter transport,
and muscle system process (Figure 2F). We identified the
dominant gene sets in the different expression programs of
three main epithelial cell clusters and performed GO (Gene
Ontology) enrichment analysis on specific genesets to support
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above findings (Supplementary Table 3, Supplementary
Figures 3, 4).

These results suggested that Inter-Duct cells may be directly
involved in tumor development and myoepithelial cells play a
contributory role in this process.
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2.3 The underlying regulatory network in
epithelial cell clusters

The potential molecular basis driving the distinct epithelial
clusters was examined using SCENIC (Single-cell Regulatory
Network Inference and Clustering) to identify the underlying
regulatory network in epithelial cells.

Each cluster was driven by different transcription factors
(TFs). Notably, coexpression of MYB and EN1 was observed in
the upstream TFs of Inter-Duct 3-4 cells (Figure 3A). In
addition, genes involved in DNA repair and cell cycle
transition, such as E2F2, TFDP1, E2F3, BRCA1, POLE3, E2F1,
EZH2, and RB1, showed aggregation (Figure 3B). Prediction of
genes downstream of MYB and ENI identified 10 coregulated
downstream target genes, including COLEC12, ELAVL2, FRS2,
IL17RD, ITGA6, LAMBI1, LRIGI, NAV2, NCALD, and
HOMER3 (Figure 3C), which are predominantly associated
with the nervous system (15-21). Genemania (22) was used to
predict possible functions coregulated by MYB and EN1, which
are involved in cell-substrate junctions and neuronal
guidance. (Figure 3D)

Gene Ontology (GO) enrichment analysis of the TFs drove
different expression programs. Duct 1 and Duct 2 cells were
enriched for G1/S transition of the mitotic cell cycle, protein—
DNA complex subunit organization, and intracellular receptor
signaling pathway. Inter-Duct 3 cells were enriched for
regulation of neuron death, histone deacetylation, and eyelid
development in camera-type. Inter-Duct 4 were enriched for
negative regulation of GO/G1 transition, cell cycle regulation,
and transcription regulation involved in the G1/S transition of
the mitotic cell cycle. Inter-Duct 5 cells were enriched for cellular
response to type I interferon and transcription initiation from
RNA polymerase II promoter. MECs were enriched for
maintenance of the somatic cell population and steroid
hormone-mediated signaling pathway (Figure 3E). These
results indicate that Inter-Duct 3 cells were regulated by the
upstream TFs, MYB and ENI1.

2.4 Copy number variation in epithelial
cells derived from paracarcinoma and
carcinoma tissues

The large-scale chromosome CNV status of all the cells from
the paracarcinoma and carcinoma tissues was examined using
infercnv (Figure 4A). Comparing with the endothelial cells and
fibroblasts from the paracarcinoma, all epithelial cells showed
complex CNV changes, suggesting a malignant tendency in most
cells (Supplementary Figure 5A). Moreover, different clusters of
epithelial cells from the paracarcinoma tissue underwent the
massive copy number amplification in 6q, 8q, 12q, and 17p, and
chromosomal deletions in 14q (Figure 4C). We assume that the
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majority of tumor tissue derived from epithelial cells with similar
CNV pattern are malignant, while epithelial cells that do not
conform to that pattern, which were mainly identified in the
paracarcinoma tissue are considered to be premalignant (Pre-M)
cells. (Figure 4B).

Examination of the paracarcinoma and carcinoma tissues
revealed that 47.6% of epithelial cells in paracarcinoma tissues
were pre-M cells (Figure 4D). Moreover, among the pre-M cells,
26.2% were Duct 1 cells, 40.3% were Inter-Duct 1 cells, 5.4%
were Inter-Duct 3 cells, 1.4% were Inter-Duct 5 cells and 9.7%
were MECs. In comparison, the proportion of Inter-Duct 3 cells
in malignant cells was 19.9%, which was significantly higher
than the pre-M cells 5.4%. In addition, nearly 17.3% malignant
cells were MECs (Figure 4E). The percentage of the pre-M cells
in the Duct cells, Inter-Duct cells, and MECs were 32.8%, 12.8%,
and 8.9%, respectively. On the contrary, the proportion of
malignant cells in each cell clusters were 67.2%, 87.2%, and
91.1%, respectively. (Figure 4F).

MYB and EN1 were identified as the upstream TFs and MYB
was identified as the hallmark ACC gene. MYB/MYBL1/EN1 were
only highly expressed in epithelial cells (Supplementary Figure 5B).
MYB and EN1 were highly expressed in malignant Inter-Duct 3-7
cells, and MYBLI was highly expressed in Inter-Duct 1 cells, Inter-
Duct 2 cells and MECs. (Supplementary Figure 5C). Moreover,
among three main epithelial cell types, MYB was highly expressed
in malignant Inter-Duct cells, MYBL1 was highly expressed in
malignant MECs, and EN1 was highly expressed in all of them
(Supplementary Figure 5E). These findings were consistent with
previous studies that reported that the expression of MYB and
MYBL1 were mutually exclusive (11) (Supplementary
Figures 5C, D).

Importantly, the stem cell gene score of pre-M cells was
higher than that of malignant cells, reflecting the accuracy of our
method (Supplementary Figure 5F).

2.5 Different gene modules defined the
developmental trajectory states

Differentiation trajectory analysis was used to examine the
evolution of epithelial cells. The nodes of pre-M cells with a
higher stemness score were set as the root node of pseudo-time.
Most of the pre-M cells were gathered initially and evolved into
malignant cells by the end of the pseudo-time. Notably, MECs,
which were used as an independent differentiation group, were
not involved in these processes (Figure 5A).

The pseudo-time axis was divided into four stages according
to its lower quartile, median, and upper quartile. Graph-
autocorrelation analysis revealed coregulated genes in the
modules within the four stages. MYB and MYBL1 were highly
expressed in modules 5 and 13 (Figure 5B, Supplementary
Table 4), originated from the same root node, and showed
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FIGURE 3
Development of epithelial cell subtypes is driven by distinct TFs. (A) Heatmap showing differentially expressed transcriptional regulons in
different epithelial cell subtypes. (B) Epithelial cell transcription factor regulatory network, of which significant clusters or regulons with their
targets are labeled. (C) Violin plots showing the relative expression of downstream target genes coregulated by MYB and EN1 in each epithelial
cell subtype. (D) The result of GO enrichment analysis for target genes coregulated by MYB and EN1 and genes interacting with them. Biological
processes terms associated with the peripheral nervous system are highlighted in red font. (E) Dot plot showing the results of GO enrichment
analysis for predominant TFs of different epithelial cell subtypes.

increased expression along the pseudo-time trajectory, evolving
toward two completely different branches (Figure 5C).
Consistent with the above-mentioned results, during tumor
evolution, gene MYB and MYBLI showed opposite trends in
expression (Figure 5D).

In addition, GO enrichment analysis of these two gene
modules showed that the genes in Module 5 were involved in
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the rhythmic process, regulation of cellular component size, and
dopaminergic neuron differentiation (Figure 5E). Furthermore,
the genes in Module 13 were associated with diverse and
complex biological processes, such as cellular response to
external stimulus (Figure 5F). Taken together, these findings
indicate that genes coregulated with MYB or MYBL1 may drive
the two different evolutionary directions of ACC.
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epithelial and basal cells (bottom). (B) A total of 600 epithelial cells, endothelial cells, basal cells, and fibroblasts were randomly selected from each
corresponding sample and the Euclidean distance between the CNV score of which and the median CNV score of fibroblasts in adjacent samples was
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paracarcinoma, C: carcinoma.

2.6 Intercellular communications in the
ACC tumor microenvironment

The tumor microenvironment is essential for the
proliferation, migration, survival, anti-immune killing of
malignant cells. Thus, we applied CellPhoneDB to infer cell-
cell communication from combined expression of multi-subunit
ligand-receptor complexes from scRNA-seq data. We found that
malignant_inter_duct, Basal cells, endothelial cells, fibroblasts,
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myeloid cells, malignant_ MEC were the dominant
communication hubs (Figure 6A).

We classified cell communication pairs into 12 categories
according to malignancy grade, predominant epithelial subset,
and molecular origin. A significant upregulation in the
expression of a number of receptors and ligands has been
observed in malignant Inter-Duct and malignant MECs.
Moreover, compared with preM cells, MIF-TNFRSF14, CD74-
MIF and CD74-APP were generally highly up-regulated in the
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FIGURE 5

Two distinct evolutionary directions of ACC. (A) UMAP visualization of epithelial cells colored by pseudo-time (left), malignant state (middle), and
subtype (right). (B) Unsupervised clustering heatmap showing the heterogeneity of gene modules expression over the pseudo-time. MYB and
MYBL1 belong to Modules 5 and 13, respectively. (C) UMAP plot shows the gene expression score of Modules 5 (upper) and 13 (lower) among
epithelial cells. (D) Dynamics of MYB (upper) and MYBL1 (lower) along pseudo-time. (E) Dot plot showing the results of GO enrichment analysis
for genes in Module 5. (F) Bar chart showing the results of GO enrichment analysis for genes in Module 13.

communications between malignant Inter-Duct cells or MECs
and other cells.

MIF (Macrophage Migration Inhibitory Factor) plays an
import dual role of pro-inflammatory and pro-oncogenic (23).
TNFRSF14 is a member of tumor necrosis factor (TNF) receptor
superfamily, functioning in activating inflammatory and
inhibitory T-cell immune response (24). The up-regulation of
MIF-CD74 were found in many cancers, such as cervical
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squamous cell carcinoma (25), hepatocellular carcinoma (26)
and prostatic cancer (27). Studies have shown that MIF-CD74
may enhance the proliferation and inhibit the apoptosis of
tumors by promoting angiogenesis of tumor
microenvironment. In addition, it has been reported that MIF
may be a novel prognostic marker for human oral squamous cell
carcinoma (28). This suggested that inflammation and
immunosuppression in tumor microenvironment may provide
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FIGURE 6

Intercellular interactions in ACC. (A) Heatmap showing the relative strength of cellular communication between different cell types. The depth
of rectangular color is positively correlated with the number of interacting receptors-ligand pairs between cell types. (B) Dot plot showing the
mean expression level and p-values for the selected interacting partners between other cells and intercalated duct-like cells. The interacting
communication with Pre-M Inter-Duct was shown in left and those with malignant Inter-Duct was shown in right figure. (C) Dot plot showing
the mean expression level and p-values for the selected interacting partners between other cells and myoepithelial-like cells. The interacting
communication with Pre-M MEC was shown in left and those with malignant MEC was shown in right figure. (D) Dot plot showing the results of
KEGG enrichment analysis for upregulated receptor and ligand genes in different groups, which were cell pairs with malignant Inter-Duct-like
cells or MEC-like cells as “Source” or "Target".
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favorable conditions for ACC proliferation and invasion
(Figures 6B, C).

The upregulated receptor-ligand genes in different groups
were implicated in different Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways strongly associated with
cancerization (Figure 6D). Overall, the enhanced
communications between malignant and stromal cells in the
tumor microenvironment further indicate the complexity of
tumor behavior. The tumor microenvironment is essential for
the proliferation, migration, survival, and anti-immune killing of
malignant cells and the combined expression of multisubunit
ligand-receptor complexes identified in the scRNA-seq data
may infer cell-cell communication.

3 Discussion

The epithelial structures of normal salivary gland tissue are
divided into four parts: acinus, intercalated duct, striated duct,
and excretory duct (29). However, it is difficult to distinguish
between the intercalated duct cells and other duct cells at the
cellular level. Intercalated duct cells have been reported to act as
stem cells with the potential to differentiate into ductal cells,
which has not been shown at the cellular level (30). This is the
first study to identify the epithelial cells from the perspective of
scRNA-seq in ACC, which is essential to further clarify its
pathogenesis route.

3.1 Transcriptome characteristics of
epithelial cells in ACC

The dynamic changes in the homologous subpopulations of
the Inter-Duct 1 and 7 cells from paracarcinoma and carcinoma
tissues may be related to the different biological functions of each
cell subpopulation in tumor progression.

GSVA showed that each Inter-Duct cell clusters were
enriched for different signaling pathway, including Notch
signaling pathway, MYC, and immune response-related
pathways (31, 32). The results indicated that different
homologous cell clusters had different biological functions.

We used SCENIC to identify the TFs for each epithelial cell
cluster. GO enrichment analysis of the dominant TFs showed
that they controlled different expression programs.

MYB and ENI, as upstream TFs, regulated downstream
genes related to domain neural activity together (33), histone
deacetylation, and other tumor processes (34, 35) in Inter-Duct
3-4 cells. This is the first time we identified EN1 as a TF in ACC,
may regulate the activity of different cell types in scRNA-seq at
the transcription level.

The clustering of TFs, POLE3 (DNA Polymerase Epsilon 3),
TFDP1, RB1, and E2F transcription factor families (E2F3, E2F3,
and EF7) were associated with cell cycle transition (36),
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suggesting possible disruption of the normal epithelial cell
division cycle (Figure 3B). Duct 1 and Duct 2 cells shared
many biological processes, which were mostly related to
transcription. Inter-Duct 1 cells were enriched for stress
response-related pathways, such as response to peptide and
laminar shear stress. Inter-Duct 2 cells were associated with
stem cell proliferation and differentiation. Inter-Duct 5 and
Inter-Duct 6 cells were associated with immune processes,
such as T cell activation and interferon response. MECs were
enriched for maintenance of somatic cell populations and steroid
hormone-mediated signaling pathways (Figure 3E).

Our findings contribute to further understanding of the
heterogeneity of biological functions by different TFs.
Furthermore, these can explain the neural invasion from a
scRNA-seq perspective in ACC.

3.2 ldentified and verified premalignant
cells in paracarcinoma tissues

Large-scale CNV analysis validated an intermediate state
between precancer and cancer in the transcriptional profile of
samples from exocrine glandular malignancies, such as breast
cancer, prostate cancer, and their paracarcinoma tissues (37-39).

In our study, the complex CNVs were found in the epithelial
cells from the paracarcinoma tissues. We speculated that there
was an abundant population of specialized cells with abnormal
transcription. They will transform into malignant cells in the
paracarcinoma tissues in the future but cannot be accurately
determined at the cellular or protein levels. This may be relevant
to the frequently positive incisal edge in ACC. We tried to
identify and define this unique cell population as pre-M cells.

Sample 0222 and 0329 showed a long arm amplification at
chromosomes 6 (40) and 8 (41), respectively. As previously
reported (42), MYB and MYBL1 were located at 6q23 and
8ql3.1, respectively. This suggested that the expression of
these two genes may affect copy number changes at the
chromosomal level. In addition, translocation fusion of MYB
family genes with NFIB is the gold standard for diagnosis of
ACC, in which the expression rate is about 65%-85% (43).
Previous study reported that EN1 was a potential biomarker for
worse prognosis in ACC (44). This may explain the association
of EN1 with poor prognosis from the single cell
transcriptome level.

The distribution of the pre-M and malignant cells in each
cell cluster was observed.

We attempted to calculate the stemness gene score of pre-M
and malignant cells as it may be useful to determine the potential
for transforming cells from pre-malignant to malignant states.
Assuming that about 95% of the epithelial cells in carcinoma
tissues are malignant, we observed a relatively equal proportion
of pre-M and malignant cells in paracarcinoma tissues. This may
suggest that pre-M cells may transform into malignant cells.
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Comparing with the different cluster, more malignant cells were
found in Inter-Duct 3, which activated tumor-associated
signaling pathways by upstream TFs, MYB and ENI.

Subsequently, MYB family genes and EN1 were expressed in
both pre-M and malignant Inter-Duct cells. MYB was previously
shown to be highly expressed in only duct cells by
immunohistochemistry and fluorescence in situ hybridization
(45). Notably, the stemness gene score of pre-M was higher,
suggesting its potential cancer transforming characteristics.
These findings fully validate the pre-M cells in the
paracarcinoma tissues. It can be a more accurate explanation
for the false-negative incision edge and high recurrence rate
from a single-cell transcriptome perspective in ACC.

3.3 Pseudo-time analysis of epithelial cell
trajectory development from pre-M to
malignant cells

The abnormal manifestation of complex CNVs verified the
presence of specific pre-M cells in the paracarcinoma tissues and
the expression of MYB verified its accuracy. We used scRNA-seq
pseudo-time analysis to infer the differentiation trajectory of the
epithelial cells and evolution of the cell subtypes to explain how
the pre-M cells eventually become malignant throughout
tumor progression.

The pseudo-time was divided into four stages. At the
beginning of the time, a considerable number of cells were
pre-M, which was mainly enriched in the Duct 1 cluster. As
the timeline progressed, they gradually transformed into
malignant cells and overlapped with Inter-Duct 3/4/6. Inter-
Duct 3-4 cells were regulated by the TFs, MYB and EN1, and
underwent activation of tumor-associated pathways.
Myoepithelial cells were separated from the rest of the
epithelial cell population and similarly transformed over time
into a malignant cell population. This finding is fully consistent
with the pathological features of ACC.

Graph-autocorrelation analysis revealed that MYB gene
expression was progressively enhanced during the transition
from stage 3 to 4, whereas MYBL1 showed high gene
expression during the transition from stagel to 2. UMAP
(Uniform Manifold Approximation and Projection) analysis of
the pseudo-time showed that MYB and MYBLI showed
exclusive expression at the end of the proposed time, which is
consistent with the findings of previous studies (41, 46). GO
enrichment analysis of these two gene modules showed that
these two modules may drive two different evolutionary
directions of ACC. This could explain the further development
of ACC under the regulation of MYB homologous genes from a
single-cell transcriptional perspective.

To sum up, the study is the first to report the use of scRNA-
seq to examine ACC at the transcriptome level. We identified a
special population of Inter-Duct cells. Inter-Duct 3-4 cells were
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coregulated by the upstream TFs, MYB, and ENI, which were
enriched for tumor progression pathways. In addition, pre-M
cells were found in paracarcinoma tissues, which was verified by
the presence of MYB gene, and were highly expressed mainly in
malignant Inter-Duct cells, including Inter-Duct 3-7. In
addition, MYBL1 was highly expressed in malignant Inter-
Duct and myoepithelial cells. Finally, pseudo-time analysis
revealed that different cell clusters eventually transformed
from a pre-M to malignant state in the ACC progression. Two
modules containing MYB and MYBL1 drove different
trajectories. Our findings further explain the high recurrence
rate and unique biological characteristics of ACC.

4 Materials and methods

4.1 Ethical statement

The present study was approved by the Ethics Committee of
Chinese People's Liberation Army (PLA) General Hospital and
was performed according to the guidelines of the Declaration of
Helsinki. Written informed consent was obtained from each
patient prior to sample collection.

4.2 Human specimens

Preoperatively, the CT data of patients were imported into
the Robotic-assisted navigation system. The surgeon could
locate the tumor precisely by the robot. We removed the
paracarcinoma and carcinoma tissues by enlargement. Samples
were obtained from the paracarcinoma and carcinoma tissues of
three ACC patients who underwent surgery at the Chinese PLA
General Hospital Stomatology department. The primary foci
were on the minor salivary gland. The sample 7420 and 0329
were both cribriform types, in addition sample 0222 was
cribriform type in 2019 and recurrence to be solid type in
2021 in pathology.

The tissues from sample 0222 for scRNA-seq was incised for
recurrence in 2021. And then we compared pathological sections
of 0222 samples between 2019 and 2021 for further study. Each
sample was carefully reviewed by two experienced pathologists
to confirm the pathology. Single-cell data information of the six
samples in shown in Supplementary Table 1. The clinical data
are summarized in Supplementary Table 2.

4.3 Cell preparation for scRNA-seq
4.3.1 Tissue collection
The patients who underwent the surgery received the

informed consent for the specimen. Preoperative head skin
preparation was performed on the three patients and robotic
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positioning patches were applied on surgery morning. The CT
data were scanned and imported into the robotic navigation
system. After the patients were successfully intubated through
the nasal cavity, the Mayfield 3-peg head frame was placed, and
after checking the stability of each mechanical joint fixation. The
robot was matched with the patient’s head positioning marker
points and the navigation system was activated after successful
fusion. Under the precise guidance and positioning of the
navigation robot, the patient’s paracarcinoma and carcinoma
tissues were removed. A part of the tissue obtained during
surgery was placed in 10% neutral formalin solution at room
temperature and sent to pathology for definitive patient
diagnosis. The other tissues were submerged in 4°C tissue
preservation solution and put into ice box for immediate
transport to the laboratory for single cell transcriptome study.

4.3.2 Tissue dissociation

Tissue samples were cut into small pieces of around 1 mm’®
in size and placed in petri dish and covered with PBS (Gibco).
Each sample was then transferred to centrifuge tube with adding
2mL digestive system (Adult Brain Dissociation Kit, mouse and
rat NO.130-107-677), 750uL. Enzyme mix 1 (Enzyme P 50uL
and Buffer Z 1900uL) and 30pL Enzyme mix 2 (Buffer Z 20 puL
and Enzyme A 10uL). After running the gentle MACS Program
m _brain_01 program on the tissue. the tissues were incubated in
water bath at 37°C for 15 min, and then filtered the cell
suspension, centrifuged at 300xg for 10 min at 4°C to
completely remove the supernatant.

The samples were left to stand for 2-3 min and collected the
supernatant. The supernatant was removed, and the cells were
resuspended in red blood cell lysis buffer, according to the ratio
of cell suspension to red blood cell lysate at 1:3, and incubated
for 2-3 min at room temperature prior to centrifugation at 120x
g at 4 °C for 3 min. Finally, the cells were resuspended in PBS.

4.4 10X Genomics scRNA-Seq

4.4.1 Cell capture and cDNA synthesis

Cell capture and cDNA synthesis were performed using a
Chromium Single-Cell 3* Gene Expression library and Gel Bead
Kit V3.1 (10x Genomics, 1000075). Cell profiling was performed
using a Single-Cell B Chip Kit (10x Genomics, 1000074). Cell
suspension containing 300-600 living cells/uL (determined
using Count Star) was loaded onto the Chromium single-cell
controller (10x Genomics) to generate single-cell gel beads in the
emulsion according to the manufacturer’s protocol. In brief,
single cells were suspended in PBS containing 0.04% bovine
serum albumin.

Around 8,700 cells were added to each channel with a
targeted cell recovery estimate of 8,000 cells. Captured cells
were lysed and the released RNA was barcoded through reverse
transcription in individual GEMs (Gel bead-In-EMulsions).
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GEMs were reverse transcribed in a C1000 Touch Thermal
Cycler (Bio Rad) programmed at 53°C for 45 min, 85°C for
5 min, and held at 4°C. After reverse transcription, single-cell
droplets were broken, and single-stranded cDNA was isolated
and cleaned with Cleanup Mix containing DynaBeads (Thermo
Fisher Scientific). cDNA was generated and amplified, and the
quality was assessed using the Agilent 4200.

4.4.2 Preparation of the scRNA-Seq library

Single-cell RNA-seq libraries we reconstructed using Single-
Cell 3’ Library and Gel Bead Kit V3.1 according to the
manufacturers’ instructions. The libraries were finally
sequenced using an IlluminaNovaseq6000 sequencer with a
sequencing depth of at least 100,000 reads per cell with a pair-
end 150 bp (PE150) reading strategy.

4.4.3 Processing of scRNA-Seq data

Raw data produced from the 10x Genomic platform were
processed by Cell Ranger (v6.1.2) (47) and mapped to the
human reference genome GRCH38. Pre-processed data were
imported into R (v4.1.2) and analyzed using Seurat (v4.0.3) (48).
The quality control thresholds for the number of genes detected
and the proportion of mitochondrial and hemoglobin
transcripts were the mean plus 2.58-fold standard deviation
across all cells. As a supplement, in a single cell, the number
of genes detected needed to be >200, and the ratio of
mitochondrial genes and hemoglobin genes had to be <30 and
10, respectively. Cells that did not meet these criteria were
discarded. A linear equation according to the corresponding
table of the number of loading cells and the multiplet rate
provided by 10x company was fitted. Then the doublets were
identified with appropriate multiplet rates from the linear
equation above by DoubletFinder (v2.0.3) (49) and will be
removed subsequently. Each sample was subjected to quality
control separately to ensure that high-quality cells were
remained. The top 2,000 variable features were chosen for
PCA, and the 50 most significant PCs were selected for
subsequent cluster analysis. All cell types were manually
identified and further examined by R package singleR (v1.6.1)
(50). Epithelial cells were extracted and then batch effect across
different samples was removed using the Harmony algorithm in
R package harmony (v0.1.0) (51) before identifying neighbors
and finding clusters.

4.5 Marker genes for cell populations

Differentially expressed genes were identified using the
FindAllMarkers function of the Seurat package for each
subcluster. Specific genes were selected to serve as a basis for
artificially defining cell populations as follows (52-58):
fibroblasts (COL3A1, DCN, COL1A1, LUM, COLA2,
COL6A2, FBN1), epithelial cells (EPCAM, KRT19, CLDN3
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and KRTS8), endothelial cells (PECAM1, ENG, VWE), basal cells
(KRT5, KRT14, TP63), T/NK cells (GZMA, HCST), smooth
muscle cells (ACTA2, MYH11, ACTG2, CNNI1, CALDI,
MCAM, TAGLN, PDGFRB, MYL9), myeloid cells (AIF1,
CD163, LYZ), muscle satellite cells (PAX7, CD82, NCAMI,
MYF5), mast cells (MS4A2, TPSB2, GATA?2), skeletal muscle
cells (ACTA1L, NEB, MYL2), lymphatic endothelial cells (PDPN,
PROXI1, LYVEL), Schwann cells (NGFR, SOX10, GAP43,
CDH19), plasma cells (JCHAIN, IGKC, IGHA1, IGHA2), T
cells (CD3G, CD3D, CD3E), and B cells (MS4A1,
BANK1, CD37).

4.6 ldentification of malignant cells

Large-scale chromosomal copy number alterations within
cells were detected using the R package inferCNV (v1.8.1).
Immune and stromal cells from paracarcinoma tissues were
used as presumptive “normal” cells as a reference, and their
CNV scores were set as baseline. A previously described method
was used to distinguish malignant cells from all epithelial cells
(59). In brief, 1,600 fibroblasts and endothelial cells were
stochastically picked from paracarcinoma samples, among
which 1,000 were regarded as a reference and the remaining
cells and epithelial cells were considered as an observation. CNV
analysis was performed using inferCNV. When most of the
spiked “normal” stromal cells were gathered in a specific cluster
on a dendrogram, the other cells in this cluster were considered
as “normal epithelial cells”. Correspondingly, cells not belonging
to this cluster were identified as “malignant epithelial cells.”
Since only 29 epithelial cells were identified as normal epithelial
cells, accounting for only 0.003% of all epithelial cells, we
concluded that all epithelial cells show malignant
characteristics. Epithelial cells with malignant features were
further subclassified. The median CNV estimates of all
fibroblasts in the paracancerous samples were defined as the
baseline, and the Euclidean distance between the CNV estimates
of all observation cells and the above baseline was calculated. We
determined the range of Euclidean distances (median + 2 SD) by
assuming that most epithelial cells (95%) in the carcinoma
samples were “malignant” in the true sense, whereas cells
whose distance from the baseline was not within this range
were considered pre-M cells. The signature genes used to
distinguish subtypes of epithelial cells or to calculate the score
of stemness of different class of epithelial cells are as follows (60—
62): intercalated duct cells (KIT or AQP5), myoepithelial cell
genes (ACTA2, MYHI11, CNN1), and stemness genes
(ALDHI1A1, CD44, PROM1, NANOG, KIT, NES, KLF4,
CD55, ALCAM, NOTCH4, WNT7A, PDPN). Each cell was
scored for stemness activity using the function AddModuleScore
in Seurat with default settings. A re-clustered heatmap of CNV
scores of all epithelial cells was plotted using pheatmap (v1.0.12).
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4.7 Pseudo-time analysis

The expression matrix and meta information of epithelial
cells migrated from Seurat object were subsequently imported
into R and analyzed using monocle3 (v1.0.0) (63) using the
default parameters and a standard pipeline. After graph-
autocorrelation analysis, the top 3,000 genes that varied with
the trajectory were selected and collected into the gene module
divided by pseudo-time. The graph of the change of key gene
expression over the pseudo-time was drawn using the
plot_genes_in_pseudo-time function.

4.8 Transcriptional regulator analysis

The specific transcriptional drivers in each epithelial cell
subtype were analyzed by using the R package, SCENIC (v1.2.4)
(64), under the guidance of a tutorial from https://github.com/
aertslab/SCENIC. The binary score matrix of intracellular
regulator activities was processed using limma (v3.48.3) (65) to
find TFs that were differentially expressed in different cell
subpopulations (logFC > 0 & p.adjust < 0.05), and the results
were displayed using pheatmap (v1.0.12). The interaction network
construction of high confidence dominating transcription factor
and their target genes in epithelial cells and final visualization were
implemented using Cytoscape (v3.9.1) (66).

In order to predict the possible functions of genes co-
regulated by MYB and ENI, we used an online tool called
Genemania (http://genemania.org/), which can find other
genes that are related to a set of input genes by using a large
set of genome and proteome association data. The result of GO
enrichment analysis of above genes can be download from the
website directly.

4.9 Cell-cell communication analysis

Intercellular communication within the tumor microenvironment
was predicted using the python package, CellPhoneDB (v3.0.0)
(67), based on the expression of interacting ligand and receptor
genes. The number of iterations for the statistical analysis was set
as 1,000. Significant (p < 0.05) mean results were further
processed as follows. Cell pairs containing Duct/InterDuct/
MEC were selected and divided into “source” and “target”
groups according to the sequence of which in cell pairs. The
expression scores of receptor-ligand pairs were considered as
“counts” and constructed as a Seurat object and the differentially
expressed receptor-ligand pairs in each group were revealed
using the FindAllMarkers function with default parameters.
Receptor-ligand pairs were selected for plot as those with
p.adjust value <0.05, average log2FC >1. Heatmaps and dot
plots were plotted using CellPhoneDB.
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4.10 Expression program
heterogeneity analysis

All epithelial cells were extracted from six samples and divided
into three subgroups and the expression matrix was then
normalized and decomposed using python package cNMF (v1.3)
(68). The high-quality expression programs in each sample were
manually selected, the Pearson’s correlation coefficients between
them were calculated, and those with coefficients >0.18 and
clustered together were considered as characteristic programs. In
addition, correlation coefficients >0.6 were corrected to 0.6. The
parameters, methods, and code used for data processing were
adapted from a GitHub tutorial (https://github.com/dylkot/cNMF).

4.11 GSVA

GSVA was executed on hallmark gene sets, which were
obtained from MSigDB (The Molecular Signatures Database)
(69) and contained 50 well-defined pathways, using the R
package, GSVA (v1.40.1) (70), with default settings.
Differences between the pathway enrichment scores of the
different groups was calculated by R package Limma (v3.48.3).

4.12 GO and KEGG enrichment analysis

GO and KEGG term enrichment analysis were performed
using R packages clusterProfiler (v4.0.5) and org.Hs.eg.db
(v3.13.0) with default settings (71).

4.13 Statistical analyses

The software, methods, and thresholds used for the statistical
analyses are detailed in the Materials and Methods section.
Wilcoxon test was used to reveal the statistical differences in
Figures 1E, 2C and 4B. Two-tailed ¢ test was used to reveal the
statistical difference in Supplementary Figures 5E, F. A p.adjust-
value or g-value <0.05 was considered significant.
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High-risk subtype: Clinical
manifestations and molecular
characteristics of submandibular
gland adenoid cystic carcinoma

Mengjiao Zhou™, Tingyao Ma™, Xuelian Wang®, Shujing Zhang?,
Guoliang Yang®, Ruohui Song* and Xiaohong Chen™

Department of Otolaryngology, Head and Neck Surgery, Beijing Tongren Hospital, Capital Medical
University, Key Laboratory of Otolaryngology Head and Neck Surgery, Ministry of Education, Capital

Medical University, Beijing, China, 2Department of Otolaryngology, the First Affiliated Hospital of
Anhui University of Chinese Medicine, Hefei, Anhui, China

Objective: Adenoid cystic carcinoma of the head and neck mainly occurs in the
major salivary glands, of which the parotid gland and submandibular gland are
the most common. The purpose of this study was to clarify the site-specific
differences in prognosis and molecular expression characteristics of the
patients and to achieve stratified risk management of the clinical prognosis.

Materials: By performing a single-centre retrospective analysis combined with
analyses of the Surveillance, Epidemiology, and End Results (SEER) database,
cBioPortal and GEO databases, the clinical prognostic characteristics and the
differences in molecular expression patterns of ACC in the submandibular
gland and parotid gland were analysed. Cox regression analysis, the chi-square
test, Fisher's test and the log-rank test were used to compare the significance
of differences.

Results: Compared with patients with parotid gland ACC, the submandibular
gland ACC is more likely to have metastases in the cervical lymph node (21.7%
vs. 3.3%) and shows a higher rate of distant metastasis within 1 year after the
primary site diagnosis (47.8% vs. 23.3%), a worse overall prognosis, more
frequent mutations of MYB/MYBL1 (50% vs. 25%) and abnormal upregulation
of the phosphatidylinositol-3 kinase (PI3K) pathway.

Conclusions: Submandibular gland ACC is associated with site-specific early
cervical lymph node metastasis and hidden distant metastasis, along with rapid
progression and a poor prognosis. A high MYB/MYBL1 mutation rate and abnormal
upregulation of the PI3K pathway with MYB involvement were identified.
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adenoid cystic carcinoma, lung metastasis, MYB, parotid gland, submandibular gland
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1 Introduction

Adenoid cystic carcinoma (ACC), a rare malignant tumor
originating from secretory glands, occurs most commonly in the
head and neck. The main clinical features of ACC are relentless
and slow growth, perineural invasion, and a high distant
metastasis rate. ACC is composed of the epithelial and
myoepithelial cells, which are arranged into three pathological
subtypes: cribriform, tubular and solid (most of which are
mixed). Therefore, the pathological manifestation of ACC is
biphasic differentiation. Surgery combined with radiotherapy is
the conventional treatment for the primary tumor. Distant
metastasis developed in 52% of patients, mainly within the
first 5 years following diagnosis, and the median time to
metastasis was only 31.5 months (1). The most common site
of distant metastasis is the lung, accounting for 67-85.9% of
cases, followed by the bone and liver (2, 3). The 5-year overall
survival rate(OS) is 68%, and once metastasis occurs, the median
survival time is only 20-32 months (4). The special pathological
subtypes (solid or high-grade transformation), T/N stages, and
treatment of the primary sites are common clinical risk factors
for ACC lung metastasis (5-8). The high incidence rate and
uncontrollable continuous progression of distant metastasis are
challenges in the treatment of this disease.

Achieving population stratification by screening high-risk
factors and adopting different clinical intervention measures are
very important. Renata Ferrarotto (2021) analysed two ACC
molecular subtypes defined by MYC and P63 using RNA
sequencing (RNA-seq) and revers-phase protein microarray
(RPPA). The high-risk type of ACC-I showed substantial
overexpression of MYC and MYC target genes, mRNA
splicing, and enrichment for NOTCH-activating mutations,
resulting in shorter median survival than patients with ACC-II
(3.44 years vs. 23.2 years) (9). In addition to molecular typing,
clinical characteristics might also identify high-risk groups for
simple and effective risk stratification and management.

The parotid gland and submandibular gland are the most
common salivary glands in the head and neck (64.8%) (10). The
salivary glands site was a prognostic risk factor in the nomogram
model developed by Xiaoli Mu (11), but the specific classification
of salivary glands was not performed. Jason Tasoulas et al. found
that the overall prognosis of patients with submandibular gland
ACC in stage IV was worse than that of patients with ACC in the
parotid gland and minor salivary glands (10), but the specific
differences in the clinical prognosis presentation and molecular
expression patterns were not clarified. We further confirmed
whether the prognosis of patients with submandibular gland
ACC and parotid gland ACC differed in a large multicentre
sample, and analysed the reasons for the difference. Therefore,
based on the retrospective case data from our hospital combined
with the SEER, cBioPortal and GEO data, we analysed the
specific clinical manifestations and molecular characteristics of
submandibular gland ACC by comparing it with parotid gland
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ACC which has a similar gene expression background and acinar
structure with submandibular gland (12).

2 Materials and methods
2.1 Data sources

2.1.1 SEER database

The dataset “Incidence-SEER Research Plus Data, 18
Registries, Nov 2020 Sub (2000-2018)” was downloaded from
the SEER database using SEER Stat 8.4.0 software. Case
screening criteria were based on the study by Jason Tasoulas
et al. (10), as follows:

1. The screened tumor type was ACC in the classification
of salivary gland tumors determined by the World
Health Organization (WHO). The SEER database code
was based on the International Classification of Cancer
Diseases, the third edition (ICD-O-3) system (ACC =
8200), and patients with ACC were initially screened.

2. The main specific information included age, sex, race,
primary site, TNM stage, surgery (primary site and
cervical lymph node), radiotherapy, chemotherapy,
SEER cause-specific death classification, survival in
months, and extent of disease—SEER Combined Mets
to DX-lung/liver/bone/brain.

3. As TNM staging was not available in the data before
2004, data collected after 2004 were selected. Cases from
2004 to 2009 were graded according to the American
Joint Committee on Cancer (AJCC) 6th edition, while
cases from 2010 and later were graded according to the
AJCC 7th edition. The staging criteria for major salivary
gland tumors were not significantly revised in the 7th
edition; cases classified according to the 6th and 7th
editions of the AJCC were merged. Invalid cases, which
have multiple primary tumors, ambiguous survival time,
or non-specific death classification, were removed.
(Figure 1).

2.1.2 Collection of clinical data from patients

A retrospective analysis was performed on patients
(including outpatients and inpatients) who were diagnosed
with head and neck ACC in Beijing Tongren Hospital from
January 2005 to March 2022, and the primary sites were the
parotid gland and submandibular gland. The basic information
was complete. Clinical and pathological characteristics, such as
sex, symptoms at first diagnosis, TNM stage (based on the eighth
edition of AJCC), treatment method, pathological grade,
perineural invasion, and the Ki67 index, were collected. The
pathological grading criteria used by Szanto et al. (13) were
uniformly modified to grade I-II and grade III. Pulmonary
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ACC patients in Seer Databases
(6069 cases)

]

| Analysis of basic epidemiological
characteristics(5077 cases)

Major salivary gland ACC
(1619 cases)

Group 1. Primary Tumor
Major salivary gland ACC (931 cases)

Group 2. Distant Metastasis
Major salivary gland ACC (769 cases)

Comparison of prognosis Comparative analysis of
and clinical features distant metastasis
FIGURE 1

Flow chart showing the screening process for data from the
SEER database. The dataset “Incidence-SEER Research Plus Data,
18 Registries, Nov 2020 Sub (2000-2018)", including a total of
6069 patients with ACC, was selected based on screening
criteria 1. The basic epidemiological characteristics of 5077 ACC
patients with complete information were analysed. Then, a total
of 1619 patients with major salivary glands ACC were selected.
According to screening criteria 2, patients with missing basic
clinical characteristics were excluded from the 1619 patients for
the analysis of the differences in clinical characteristics to
determine the prognosis. According to screening criteria 3, 769
patients were selected from the original 1619 patients, and
distant metastasis was analysed.

metastases were diagnosed by two or more lung CT reports (at
intervals of 3 months or more) with the persistent progression of
pulmonary nodules and after the exclusion of other diseases, and
the diagnosis of extrapulmonary metastasis was made by
performing a PET-CT evaluation.

2.1.3 Mutation and RNA-seq analyses

Data on mutations in parotid and submandibular glands
ACC, including the mutation frequency and mutation type, were
obtained from the cBioPortal database (https://www.cbioportal.
org/). ACC was searched and the following datasets were
selected: (J Clin Invest 2019), (Fmi. Am ] Surg Pathl.2014),
(JHU, Cancer Prev Res 2016), (MDA. Clin Cancer Res 2015),
(MGH. Nat Gen 2016), (MSKCC. NAT Genet 2013), and
(Sanger/Mda.jCI 2013). The information collected included the
site, age, histological type, and perineural invasion. The
histological type was uniformly modified into grade I-II and
grade IIT according to (13) the pathological grading criteria. The
mutational landscape was mapped using Microsoft Office Home
and Student 2019. The parotid gland and submandibular gland
were selected as the “Tumor Disease Anatomic Site”. “Cancer
Gene” was screened as defined by OncoKB from mutated
genes/structural variant genes, and the number of mutations
in each sample should be greater than 2.
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The GSE88804 and GSE34816 datasets were screened in the
GEO database and corrected for batch effects, and the parts were
selected as parotid gland and submandibular gland ACC for the
differential expression analysis. The differential expression
analysis was performed using R 4.2.0 and the R limma
package (|log fold change| > 0.585, P value < 0.05).
Differentially expressed genes were selected for a Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment
analysis using the HIPLOT enrichment database (public/db/
kegg/hsa_kegg 20220424.rds) (https://hiplot.com.cn/). Bubble
charts were drawn using the web tool Sangerbox3.0 (http://vip.
sangerbox.com/home.html). Gene set enrichment analysis
(GSEA) was performed using a web tool (http://www.
webgestalt.org/). Venn diagrams were constructed and
analysed using the web tool (https://hiplot.com.cn/basic/).

2.1.4 Statistical analysis

Cox regression analysis, the chi-square test, Fisher’s test, and
the log-rank test were performed on the data using SPSS 22.0
and GraphPad Prism 8.0 software. Survival curves were drawn
using the Kaplan-Meier method. P<0.05 (*), P<0.01 (**), and
P<0.001 (***) indicate a significant difference. The web tool
Sangerbox3.0 was used to draw the forest map (http://vip.
sangerbox.com/home.html).

3 Results

3.1 Epidemiological characteristics and
prognosis of patients with
submandibular gland ACC based on the
SEER database

After downloading the dataset and performing the initial
screening (Figure 1, Exclusion criteria 1), a total of 5077 ACC
patients were screened, among which the patients with ACC of the
major salivary glands accounted for 34%. The submandibular
gland (41.0%, 712/1738) and parotid gland (48.2%, 838/1438)
were the most common sites of tumors in the major salivary
glands (Figure 2A). The age group with the highest proportion of
ACC in the submandibular gland was 40-54 years old, and the
incidence of ACC in the submandibular gland was higher in
younger patients (P<0.05, Figure 2B, Table S1). The incidence rate
of ACC in the major salivary glands and submandibular gland in
females was approximately 1.5 times that in males, and white
people were the most frequently affected (Figures 2C, D).

Two groups of data were obtained after screening based on two
criteria (Figure 1). Group 1 was used to compare the clinical
characteristics of 931 patients with primary site tumors after
removing 42 patients with incomplete data. A total of 889
patients were obtained, including 477 patients with parotid gland
ACC and 412 patients with submandibular gland ACC. The
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FIGURE 2

Epidemiological analysis of patients with submandibular gland ACC. (A) Distribution of disease sites in 5077 patients. (B) Age distribution of
submandibular gland ACC compared with the major salivary glands and all parts of the body. (C) Sex distribution of patients with submandibular
gland ACC compared with major salivary glands and body parts. (D) The racial distribution of submandibular gland ACC compared with major

salivary glands and body parts (** P-value <0.01; *** P-value <0.001).

median follow-up times were 93 months and 100 months,
respectively (the mean follow-up times were 95 months and 100
months, respectively).

The Cox regression analysis showed that age, site, T stage, N
stage, M stage and chemotherapy were the related factors
affecting the prognosis (P<0.05), and the overall prognosis of
patients with submandibular gland ACC was poor (P<0.05)
(Figures 3 and 4A). Basic clinical features were analysed and
the log-rank test revealed that age, tumor stage, T stage, N stage,
M stage, and surgical treatment at the primary site correlated
with the prognosis (P<0.05, Table S2). However, differences in
the prognosis of patients with parotid gland ACC and
submandibular gland ACC were significant only in patients
with stage IV tumors (P<0.001, Figure 4B), consistent with the
results reported by Jason Tasoulas et al. (10). Further analysis of
the distribution characteristics of the stage IV population
showed that compared with patients with parotid gland ACC,
the proportion of patients with stage T4 submandibular gland
ACC was lower (50% vs. 87.8%), while the rates of lymph node
metastasis (58.3% vs. 35.4%) and distant metastasis (35.7% vs.
17.1%) were higher (P<0.01, Figure 4C). Compared with patients
with parotid gland ACC, patients with submandibular gland
ACC showed mainly stage I-III tumors (79.6% vs. 65.6%) and
T1-3 tumors (89.8% vs. 69.8%) (Table 1, P<0.05). Distant
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Subgroup P Value Hazard Ratlo(95%CI)
Age 0.004 hed 1.565(1.156-2.120)
Gender 0.645 "E'l 0.937(0.709-1.237)
Race 0.555 |E.‘ 1.059(0.875-1.282)
Site 0.049 '. o 1.323(1.001-1.750)
Stage 0.009 é"" ! 1.469(1.101-1.960)
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Surgery-CLN 0.081 ¢ 1.428(0.957-2.132)
Radiotherapy 0.374 I+ 1.918(0.457-8.046)
Chemotherapy 0.011 1.692(1.127-2.540)

HEERE
Hazard Ratio(95%CI)
FIGURE 3

Forest plot of the Cox regression analysis of 899 patients with
submandibular/parotid glands ACC in the SEER database. The clinical
prognosis of 899 patients with parotid gland and submandibular
gland ACC was determined using the Cox regression model to
analyse the factors influencing the prognosis, such as the tumor site.

metastasis was evaluated in Group 2 (post-2010 dataset),
including 383 patients with parotid gland ACC (mean follow-
up time: 49 months, median follow-up time: 44 months) and 329
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Differences in the prognosis and clinical characteristics of patients with submandibular/parotid gland ACC in the SEER database. (A) Survival
curves for patients with submandibular and parotid glands ACC analysed using the Cox regression model. (B) Survival curves for patients with
stage IV submandibular and parotid glands ACC analysed using the Kaplan-Meier method. (C) Difference in the distribution of TNM staging in
patients with stage IV submandibular and parotid glands ACC. (D) Distribution of distant metastases of submandibular and parotid glands ACC.
LM, lung metastasis; E-LM, extrapulmonary metastasis; None, no distant metastasis found (** P-value <0.01; *** P-value <0.001).

patients with submandibular gland ACC (mean follow-up time:
51 months, median follow-up time: 50 months). The overall
distant metastasis rate of patients with submandibular gland
ACC was higher than that of patients with parotid gland ACC
(8.81% vs. 5.22%, Figure 4D), and the lung metastasis rate was
higher (7% vs. 3%). In conclusion, compared with parotid gland
ACC, submandibular gland ACC has a worse prognosis in
general, with a higher rate of distant metastasis, mainly lung
metastasis, at an early stage (within 1 year).

3.2 Clinicopathological features and
manifestations of lung metastases of
ACC of the submandibular gland
(retrospective analysis of patients from a
single centre)

Seventy-six patients with ACC (parotid gland ACC (30) and
submandibular gland ACC (46)) were included in our analysis.
The mean follow-up time was 66 months (median 55 months) for
patients with parotid gland ACC and 58 months (median 47
months) for patients with submandibular gland ACC. Compared

Frontiers in Oncology

40

with patients with parotid gland ACC, more patients with
submandibular gland ACC were older than 50 years of age
(45.7%, 21/46) and had a higher rate of cervical lymph node
metastasis (21.7% vs. 3.3%). No significant differences were
observed in the pathological grade, neurotropic growth, Ki67
index or treatment methods (including general treatment,
radiotherapy and neck dissection) (Table 2).

When comparing distant metastases at the first diagnosis
and follow-up, patients with submandibular gland ACC had a
mean distant metastasis-free survival (MFS) of 32 months
(median 14 months), while those with parotid gland ACC had
a mean value of 44 months (median 24 months); however, the
log-rank test did not reveal a significant difference (P>0.05,
Figure 5A). The rate of distant metastasis in patients with
submandibular gland ACC (47.8%) was higher than that in
patients with parotid gland ACC (23.3%) within 1 year after the
primary diagnosis (P<0.05, Figure 5B). Compared with parotid
gland ACC and submandibular gland ACC in the early stage
(T1-2), the rate of distant metastasis of submandibular gland
ACC was significantly higher at the first diagnosis (P<0.05), and
the rate of cervical lymph node metastasis (N+) was slightly
higher (Figure 5C).
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TABLE 1 Differences in the clinical characteristics of patients with submandibular and parotid glands ACC from the SEER database.

Age <50
=50
Gender Male
Female
Race White
Black
Other
NA
Stage 1
I
1T
v
T T1
T2
T3
T4
N NO
N1
N2-N3
M MO
M1
Surgery None
Yes
Cervical lymph node dissection None
Yes
Radiotherapy None/NA
Yes
Chemotherapy None/NA
Yes
Total

We subsequently screened and analysed patients with
complete information on distant metastasis identified at the
first diagnosis of primary early-stage (T1-2N0) ACC, including 8
patients with parotid gland ACC (62%, 8/17) and 19 patients
with submandibular gland ACC (73%, 19/27) to compare the
difference in disease status at the time of the first diagnosis of
distant metastasis. We identified a significant difference in the
risk level of the disease course of the first diagnosis of distant
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Major salivary gland (2004-2018) X2
Parotid Submandibular P value
182 (38.2%) 143 (34.7%) 0.287
295 (61.8%) 269 (65.3%)
186 (39.0%) 152 (36.9%) 0.52
291 (61%) 260 (63.1%)
362 (75.9%) 308 (74.8%) 0.116
57 (11.9%) 35 (8.5%)
54 (11.3%) 65 (15.8%)
4 (0.8%) 4 (1%)
126 (26.4%) 126 (30.6%) <0.001
104 (21.8%) 110 (26.7%)
83 (17.4%) 92 (22.3%)
164 (34.4%) 84 (20.4%)
136 (28.5%) 134 (32.5%) <0.001
117 (24.5%) 128 (31.1%)
80 (16.8%) 108 (26.2%)
144 (30.2%) 42 (10.2%)
399 (83.6%) 342 (83.0%) 0.196
46 (9.6%) 31 (7.5%)
32 (6.7%) 39 (9.5%)
449 (94.1%) 382 (92.7%) 0.395
28 (5.9%) 30 (7.3%)
33 (6.9%) 18 (4.4%) 0.103
444 (93.1%) 394 (95.6%)
141 (29.6%) 177 (43.0%) <0.001
336 (70.4%) 235 (57.0%)
7 (1.5%) 6 (1.5%) 0.989
470 (98.5%) 406 (98.5%)
435 (91.2%) 376 (91.3%) 0.972
42 (8.8%) 36 (8.7%)
477 412
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metastasis. The risk classification is as follows: low-risk, multiple
nodules in both lungs and the largest diameter is <1 cm, without
extrapulmonary metastasis; medium-risk, multiple nodules in
both lungs and the largest is 1-3 cm in diameter, without
extrapulmonary metastasis; and high-risk, multiple nodules in
both lungs with a maximum diameter greater than 3 cm or with
extrapulmonary metastasis. The analysis of the distribution of
risk grades of distant metastasis in patients with parotid gland
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TABLE 2 Differences in the overall clinical characteristics of patients with submandibular and parotid glands ACC based on a single-centre
retrospective analysis.

Major salivary gland (Stage V) X2
Parotid Submandibular P value
Age <50 23 (76.7%) 25 (54.3%) 0.049
=50 7 (23.3%) 21 (45.7%)
Gender Male 12 (40%) 15 (32.6%) 0.51
Female 18 (60%) 31 (67.4%)
Symptom Painless mass 17 (56.7%) 37 (80.4%) 0.026
Pain and other discomfort 13 (43.3%) 9 (19.6%)
NA 4 (13.3%) 4 (8.7%) 0.839
Histological grade Grade 1T 16 (53.3%) 25 (54.3%)
Grade III 10 (33.3%) 17 (37.0%)
Perineural invasion NA 6 (20.0%) 9 (19.6%) 0.752
None 5 (16.7%) 5 (10.9%)
Yes 19 (63.3%) 32 (69.6%)
Ki67 NA 1 (3.3%) 10 (21.7%) 0.127
<30% 19 (63.3%) 23 (50.0%)
30%-60% 9 (30.0%) 11 (23.9%)
>60% 1(3.3%) 2 (4.3%)
T T1 3 (10.0%) 8 (17.4%) 0.317
T2 14 (46.7%) 24 (52.2%)
T3 5 (16.7%) 9 (19.6%)
T4 8 (26.7%) 5 (10.9%)
N NO 29 (96.7%) 36 (78.3%) 0.042
N+ 1 (3.3%) 10 (21.7%)
M MO 27 (90.0%) 34 (73.9%) 0.085
M1 3 (10.0%) 12 (26.1%)
Treatment S 3 (10%) 5(10.9%) 0.1
S+R 24 (80.0%) 26 (56.5%)
S+R+C 3 (10.0%) 10 (21.7%)
S+C 0 (0.0%) 5 (10.9%)
None 20 (66.7%) 27 (58.7%) 0.484
Cervical lymph node dissection
Yes 10 (33.3%) 19 (41.3%)
Radiotherapy None 3 (10.0%) 10 (21.7%) 0.256
<60GY 6 (20.0%) 12 (26.1%)
>60GY 21 (70.0%) 24 (52.2%)
Total 30 46
S, surgery; R, radiotherapy; C, chemotherapy.
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ACC and submandibular gland ACC within 3 years and after 3
years showed that the high-risk grade of distant metastasis in
patients with submandibular gland ACC was 31% and 50%,
respectively, while the high-risk grade of distant metastasis in
patients with parotid gland ACC was 0 (Figure 5D). In
conclusion, patients with ACC of the submandibular gland are
prone to early occult distant metastasis, and the disease
progresses rapidly.

3.3 Mutation map and expression
characteristics of ACC oncogene in
submandibular gland

The dataset was searched using the cBioPortal database, and
22 cases of submandibular gland ACC and 36 cases of parotid
gland ACC were screened for gene mutation analysis (Figure 6).
The mutant genes were divided into four categories: MYB/
MYBLI-NFIB-related fusion genes, Notch pathway-related
genes, epigenetic modification-related genes, and others. The
MYB/MYBLI-NFIB fusion had a higher mutation frequency in
submandibular gland ACC compared with submandibular gland
ACC (50% vs. 25%), and the fusion mutation of MYBLI only
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appeared in submandibular gland ACC (9%). NOTCHI mutation
did not occur in ACC of the parotid gland, accounting for 9% of
ACC of the submandibular gland; meanwhile, mutations in SPEN
(a negative regulator of the Notch pathway) did not appear in
ACC of the submandibular gland, and the mutation frequency in
ACC of the parotid gland was 11%. Epigenetic modification-
related genes included ARIDIA, ARID5B, SMARCA2, CHD2, and
SF3BI. Except for CHD2 (9%), all of them were detected in parotid
and submandibular gland ACC, and all of them had mutually
exclusive mutations.

We further studied the differences in the molecular
expression patterns of ACC tumor tissues in the parotid gland
and submandibular gland and analysed the abnormal pathways
in submandibular gland ACC by screening upregulated and
downregulated genes in 10 cases of submandibular gland ACC
and 16 cases of parotid gland ACC from the two GEO datasets.
MYB gene expression was significantly upregulated in
submandibular gland ACC compared with parotid gland ACC
(Figure 7A). KEGG enrichment analysis of genes with P<0.05
and [log FC|>0.585 showed that genes were significantly
enriched in the PI3K pathway, including the PDGFA, MYB,
ITGA2, FNI1, EGF, COL6A3, COLIA2, and COLIAI genes
(Figure 7B). According to GSEA, the activity of the PI3K
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Mutation landscape of submandibular gland and parotid gland ACC based on the cBioPortal database.

pathway was upregulated (Figure 7C). Next, we aimed to exclude
differences in the expression of genes related to the PI3K
pathway in normal parotid and submandibular glands tissues,
and 6311 differentially expressed genes (P<0.05, |log FC|>1) in
the normal parotid gland and submandibular gland tissues were
downloaded from the supplementary materials of the study by
Marie Saitou et al. (12) and intersected with the differentially
expressed genes in the submandibular gland and parotid gland
ACC obtained from the GEO dataset. No intersecting genes were
identified (Figure 7D). This result excluded the possibility that
differentially expressed genes in tumor genes were caused by
differences in the genetic background of normal tissues.
Therefore, based on the results from the cBioPortal and GEO
databases, submandibular gland ACC has a higher frequency of
MYB/MYBLI mutations, and genes in the PI3K pathway,
including MYB, are upregulated.

4 Discussion

ACC is a rare malignant tumor of glandular origin that may
occur systemically but is more common in the head and neck.
The development of uncontrolled distant metastases after
primary surgery has become a major challenge in disease
treatment. Risk stratification based on differences in prognosis
is a prerequisite for individualized treatment of the disease.
Renata Ferrarotto proposed in 2017 that patients with NOTCH1
mutations should be defined as a population with a poor
prognosis who are prone to have extrapulmonary metastasis
(14); In 2021, they proposed two risk subtypes defined by MYC
and TP63: ACC-I (37%) and ACC-II (63%). High-risk ACC-I is
characterized by the enrichment of NOTCH-activating
mutations and overexpression of MYC target genes, and
mRNA splicing. The continuous improvement of molecular

Frontiers in Oncology

44

typing is helpful for the precise treatment of diseases, and risk
stratification based on clear clinical features can simply and
effectively assist with clinical individual treatment. Moreover,
molecular typing should be further defined and improved based
on molecular expression characteristics in populations with
varying clinical prognostic performance.

Identifying the site-specific clinical prognosis of patients
with submandibular gland ACC is helpful for simple and
effective clinical treatment stratification and an accurate risk
assessment. In the nomogram prediction model constructed by
Tan Ganly, tumors in the nasal cavity and paranasal sinuses had
the highest risk, followed by the major salivary glands, while
tumors in the larynx/pharynx/oral cavity had the lowest risk.
However, none of the studies further analysed the prognostic
risk weights for the three major salivary glands (15, 16). A log-
rank univariate analysis performed by Jason Tasoulas using
SEER data revealed that the prognosis of patients with
submandibular gland ACC was worse than that of patients
with parotid gland and minor salivary glands ACC which was
only showed in stage IV. But the specific manifestation of the
clinical prognosis difference has not been compared and
expounded in detail (10). We screened 5077 patients with
ACC from the SEER database, a large sample clinical database.
Using Cox regression analysis, patients with submandibular
gland ACC were found to have a worse prognosis than
patients with parotid gland ACC, consistent with the research
conclusions described above. Because normal tissues of the
parotid and submandibular glands have similar gene
expression patterns (12), the submandibular gland ACC can
be compared with the parotid gland ACC to determine the
specific clinical prognosis and abnormal molecular expression.
Similar to the study by Jason Tasoulas et al, the same analysis
showed that the prognosis of patients with stage IV
submandibular gland ACC was significantly worse than the
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patients with parotid gland ACC (10). Further analysis and
comparison indicated that ACC of the parotid gland was
characterized by a higher T stage, while ACC of the
submandibular gland was characterized by a higher rate of
cervical lymph node metastasis and distant metastasis.
Although the log-rank test showed that a higher TNM stage
and T stage are high-risk factors, the finding that the proportion
of stage IV and T4 stage parotid gland ACC was higher than that
in the submandibular gland ACC seems paradoxical, as the
parotid gland has a larger space for invasion inside and outside
the envelope and is prone to a later T stage. Subsequently, a
dataset with complete distant metastasis information was
selected for further analysis, and submandibular gland ACC
had a higher overall metastasis rate than parotid gland ACC, and
the lung was the main site of metastasis. In conclusion,
compared with parotid gland ACC, submandibular gland ACC
has a higher metastasis rate and worse prognosis.

In addition, the aforementioned study based on the SEER
database found that the submandibular ACC was more likely to
have lymph node metastasis and earlier distant metastasis than
the parotid gland in stage IV. Because clinical staging adopts a
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mixed grading method compared with TNM staging, it cannot
reflect the inherent law of tumor occurrence and development.
Moreover, the SEER database lacks the specific time and
disease progression status of distant metastasis. Therefore, we
expanded the sample size as much as possible in a single-centre
retrospective cohort to analyse the specific characteristics of
distant metastases in submandibular gland ACC and to analyse
the difference in the progression rate of lymph node and distant
metastases of submandibular gland ACC compared with
parotid gland ACC. Limited by the heterogeneity and the
small size of the population, we did not observe a significant
difference in the distant metastasis time of the two sites of ACC
tumors using the log-rank test; however, within 1 year after
diagnosis, submandibular gland ACC had a higher rate of
distant metastasis (P<0.05). At the same time, in patients
with T1-2 stage, submandibular gland ACC had a higher rate
of cervical lymph node metastasis and distant metastasis than
parotid gland ACC at the first diagnosis (P<0.05). Further
comparison of the metastatic status of patients with T1-2NO
stage parotid gland ACC and submandibular gland ACC
showed that patients with submandibular gland ACC had a
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higher risk level of distant metastasis (pulmonary metastatic
nodules >3 cm or extrapulmonary metastasis). In conclusion,
compared with patients with parotid gland ACC, patients with
submandibular gland ACC have a risk of early occult
metastasis and rapid disease progression, resulting in a poor
site-specific prognosis.

To further explore the molecular expression characteristics
of ACC in the submandibular gland with high metastasis and
poor prognosis, we analyzed the gene mutation characteristics
based on the cBioPortal dataset and found that there was a high
MYB/MYBLI-NFIB fusion ratio in the submandibular gland.
Differentially expressed genes were analysed using the GEO
database to further verify the differences in expression and
abnormal pathways, and we found that the MYB-dominated
PI3K pathway was also significantly enriched and upregulated in
the submandibular gland ACC. However, the upregulation of
genes in the PI3K pathway, including MYB, in the
submandibular gland ACC was not due to a difference in
expression between normal tissues of the parotid and
submandibular glands (Figure 7D). MYB fusion mutations
(the most common fusion NFIB) are hallmark molecular
events in the development of ACC, with a mutation frequency
of 16-100% (17-19), and high expression of MYB is closely
related to the poor prognosis (20). Relevant studies have found
that the genes of the PI3K pathway amplified and mutated in
various tumors, such as breast cancer and gastric cancer, and this
signaling pathway plays a role in cell survival, angiogenesis,
lymph node metastasis, and distant metastasis (21, 22). In
salivary gland cancers, aggressive tumor types have higher
genomic alterations in the PI3K pathway (23). Therefore, the
upregulation of the PI3K pathway may be the main reason for
the higher rate of lymph node and distant metastasis of
submandibular gland ACC than parotid gland ACC. One
study found that the administration of PI3K inhibitors to the
ACC xenograft mouse model effectively reduces the primary
tumor burden and lung metastasis (24). Target therapies against
abnormal genetic alterations have shown varying degrees of
promise in the clinic as precision medicines of ACC.
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carcinoma patients

Stefano Cavalieri™®*, Imperia Nuzzolese®, Arianna Ottini*,

Cristiana Bergamini*, Carlo Resteghini®, Elena Colombo*,
Salvatore Alfieri', Pasquale Quattrone?®, Giuseppina Calareso®,
Nicola Alessandro lacovelli®, Marzia Franceschini®

and Lisa Licitra™?

'Head and Neck Medical Oncology Department, Fondazione IRCCS Istituto Nazionale dei Tumori,
Milan, Italy, 2Department of Oncology and Hemato-Oncology, University of Milan, Milan, Italy,
sPathology Department, Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy, “Radiology
Department, Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy, °Radiotherapy Department,
Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy

Background: Overexpression of human epidermal growth factor receptor type 2
(HER2) occurs in almost 25-30% of androgen receptor (AR)-positive salivary gland
carcinomas (SGCs), notably salivary duct carcinoma (SDC) and adenocarcinoma
not otherwise specified (NOS). In the last years, several studies have reported the
clinical benefit of HER2 directed therapies in this setting. This work aims at
describing the natural history of AR-positive recurrent/metastatic (R/M) SGC
patients, based on HER2 amplification status.

Methods: Consecutive R/M AR-positive SGC patients accessing our Institution
from 2010 to 2021 were analyzed. Descriptive statistics and survival analyses were
performed to present the clinical characteristics of the selected patients and the
outcomes, based on HER2 status. A specific focus was dedicated to patients
developing metastases to the central nervous system (CNS).

Results: Seventy-four R/M AR-positive SGC patients (72 men) were analyzed.
Median follow-up was 36.18 months (95% Cl 30.19-42.66). HER2 status was
available in 62 cases (84%) and in 42% the protein was overexpressed (HER2+).
Compared with patients with HER2- SGCs, in patients with HER2+ disease, HR for
disease recurrence was 2.97 (95% Cl 1.44-6.1, p=0.003), and HR for death from R/
M disease was 3.22 (95% Cl 1.39-7.49, p=0.007). Moreover, the HER2+ group
showed a non-significant trend towards a higher prevalence of CNS metastases
(40% vs. 24%, p=0.263). Patients developing CNS metastases had shorter survival
than those who did not; at bivariate analysis (covariates: CNS disease and HER2
status), HER2 status demonstrated its independent prognostic significance.

Discussion: In our patient population, HER2 amplification was a negative
prognostic factor, and it was associated with a non-statistically significant higher
risk of developing CNS metastasis. Further studies are needed to explore the
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potential clinical benefit of tackling the two biological pathways (AR and HER2) in
patients affected by this rare and aggressive malignancy.

KEYWORDS

HER2, androgen receptor, SDC, salivary duct carcinoma, SGC, salivary gland carcinoma,

brain metastasis

1 Introduction

Epithelial malignancies arising from the salivary glands (SGCs,
salivary gland carcinomas) are rare neoplasms. More than 20 entities
are included in the World Health Organization (WHO) classification
(1). Specific pathologic types, notably salivary duct carcinoma (SDC)
and adenocarcinoma not otherwise specified (NOS) may overexpress
androgen receptors (AR). A fraction (average 25-30% up to
approximately 40%, depending on the published case series (2, 3) of
AR-positive SGCs are characterized by human epidermal growth
factor receptor type 2 (HER2) amplification (HER2-positive) (4). AR
overexpression is almost definitional in SDCs, and consistently AR-
negative SDCs are very rare and this diagnosis should be regarded
with skepticism (4). Given that the vast majority of HER2-positive
SGC have a SDC histology, the present study is focused on two
cohorts: AR-positive HER2-positive; AR-positive HER2-negative.

Similarly to other cancer types, also in SGC both AR and HER2
may be targeted by hormone therapy (5-7), and anti-HER2 agents as
trastuzumab (8, 9), trastuzumab plus pertuzumab (10), ado-
trastuzumab emtansine (11, 12), trastuzumab deruxtecan (13).

From a prognostic point of view, despite HER2-overexpressing
SDCs are known to have worse outcomes than HER2-negative cases
(14, 15), their natural history is still unknown. Moreover, both
patients with HER2-positive breast and HER2-positive gastric
cancers, showed a higher incidence of distant metastases located in
the central nervous system (CNS) (16, 17), but in HER2-positive
SGCs we lack an in-depth analysis of this feature.

The description of a case series of AR-positive SGCs with
available HER2 status may provide further knowledge on this topic.

2 Methods

This was a retrospective observational study aimed at describing the
natural history of R/M AR-positive SGC according to HER2 status, with
a particular focus on patients with CNS metastases, defined as any distant
site at any level of the CNS - including carcinomatous meningitis —
deemed unequivocal at clinical and radiological level.

We identified consecutive R/M AR-positive SGC patients
accessing our Institution from 2010 to 2021, and we selected cases
with availability of HER2 status. HER2 was considered positive when
immunohistochemistry (IHC) score was 3+, or 2+ confirmed by an in
situ hybridization (ISH). Cases with 0, 1+ or 2+ with a negative ISH
were considered HER2-negative (3).

For the analysis of the prevalence of CNS metastases, subjects
with unavailable HER2 status were included as well, but they were
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analyzed separately. In all cases, the pathologic diagnosis was
reviewed and confirmed by an expert pathologist [PQ] dedicated to
the diagnosis of rare head and neck cancers, with more than 20 years
of experience in the field.

The following clinical variables were collected: gender, age,
histology (SDC, adenocarcinoma NOS) AR status (positive, weak),
HER?2 status (positive, negative), CNS metastases (present, absent),
timing of brain metastases (at primary diagnosis - defined as
diagnosed within 3 months from the diagnosis of primary disease —
or after therapies), previous treatments (loco-regional therapies for
primary disease, treatments for R/M disease), treatments for
CNS metastases.

The following time-dependent variables were recorded: disease-free
interval (DFI, defined as the interval time between the date of primary
tumor diagnosis and the date of R/M disease diagnosis), only for cases
without metastatic disease at diagnosis of primary tumor (i.e., for the DFI
calculation, subjects with metastatic disease at diagnosis were excluded);
CNS-metastasis free survival (CNSmfs), only for cases without CNS
metastases at diagnosis of primary tumor; time to first CNS metastasis
(TTCNS), only for cases without CNS metastases at diagnosis of primary
tumor; overall survival (OS) measured from 3 different timepoints:

OS(a) from primary disease, defined as the interval time between
the date of primary tumor diagnosis and the date of death or
last follow-up;

OS(b) from R/M disease, defined as the interval time between the
date of R/M disease diagnosis and the date of death or last
follow-up;

OS(c) from CNS metastases onset, defined as the interval time
between the date of CNS metastases diagnosis and the date of
death or last follow-up, only for cases with CNS metastases.

Data cut-off date was 31/12/2021. Median follow-up, with the
respective 95% confidence interval (CI) was estimated through
reverse Kaplan-Meier method, measuring the interval time from the
date of R/M diagnosis to the date of death or last follow-up. Hazard
ratios (HRs) were estimated with Cox proportional hazard model.

Patients with CNS metastases were classified in four groups
according to the disease presentation:

1) upfront CNS disease (interval between primary and CNS
disease diagnosis < 3 months),

2) CNS metastases after metastatic disease at diagnosis (DFI < 3
months and interval between metastatic and CNS disease > 3
months),
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3) CNS metastases as first disease recurrence after treatment for
loco-regional disease (DFI > 3 months and interval between
metastatic and CNS disease < 3 months),

4) CNS metastases as subsequent recurrence after palliative
treatments for R/M disease diagnosed after treatment failure
for loco-regional primary disease (DFI > 3 months and interval
between metastatic and CNS disease > 3 months).

Descriptive statistics were provided for the main clinical
characteristics of each of these four groups.

Descriptive statistics were performed to present the clinical
characteristics of the selected patients. To analyze contingency
tables Fisher’s exact or chi-squared tests were used, as appropriate.

Time-dependent variables were estimated with Kaplan-Meier
method and compared with log-rank test. Multivariable analyses
were performed with Cox proportional hazard methods. Statistical
analyses were performed using SAS® OnDemand for Academics.
Statistical significance was set at 0.05.

The conduction of this retrospective study was approved by the
Institutional Ethical Committee on 22/12/2021 (local study identifier INT
270-21).

3 Results
3.1 Natural history according to HERZ2 status

We identified 74 R/M AR-positive SGC patients, with a median
follow-up of 36.18 months (95% CI 30.19-42.66). HER2 status was
available in 62 cases (84%). The prevalence of HER2-positive disease
was 42% (26 patients), and the main clinical characteristics of the
study population are reported in Table 1.

DFI and OS (both from primary and from R/M) were significantly
shorter in HER2-positive SGC patients than in HER2-negative
subjects (Table 1, Figure 1). In patients with HER2-positive disease,
HR for disease recurrence (vs. HER-negative) was 2.97 (95% CI 1.44-
6.1, p=0.003). HR for death from R/M disease was 3.22 (95% CI 1.39-
7.49) in HER2-positive vs. negative SGC patients (p=0.007).

Nineteen patients (31%) did not receive a loco-regional treatment
due to the metastatic disease at presentation. In the R/M setting,
androgen deprivation therapy (ADT) was administered in 79% of
patients overall (89% of HER2-negative vs. 65% of HER-positive
patients, p=0.032). An anti-HER2 directed treatment was
administered in 27% of HER-positive SGC patients. Systemic
targeted treatments were delivered in three HER-negative cases, one
within a clinical trial (olaparib followed by palbociclib), two owed to
the evidence of actionable tumor mutations (1 tipifarnib for HRAS
mutation, 1 dabrafenib and trametinib for BRAF mutation).

Further details about treatments are reported in Table 1.

3.2 CNS metastases

Compared with patients with HER2-negative SGCs, the HER2-
positive group showed a trend towards higher prevalence of CNS
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metastases: 40% (10) vs. 24% (9) (p=0.263). Three cases (all HER2-
positive) presented with CNS metastases at diagnosis, while in the
remaining sixteen cases (7 HER2-positive, 9 HER2-negative) CNS
involvement was found at least 6 months after the diagnosis of
primary tumor. In these cases, there was a non-statistically
significant trend (p=0.083) towards a shorter TTCNS in HER2-
positive subjects (Table 1). Compared to HER2-negative disease, in
HER-positive SGC patients HR for CNSmfs was 2.88 (95% CI 0.87-
6.97, p=0.089), and HR for TTCNS was 2.59 (95% CI 0.85-
7.87, p=0.094).

The 5-year CNSmfs was 57% in HER2-positive vs. 79% in HER2-
negative SGC patients (p=0.08, median CNSmfs not reached in
both cohorts).

Independently of HER2 status, no statistically significant
difference was found between SGC patients without CNS metastases
and those developing CNS disease, in terms of median OS from the
diagnosis of primary tumor: 94.31 months (95% CI 47.6-NR) vs 43.52
months (95% CI 24.41-NR), respectively (p=0.125). Further details
about outcomes stratified according to both HER2 status and CNS
disease are reported in Supplementary Table 1.

At bivariate analysis considering HER2 status (positive vs.
negative) and CNS disease (occurrence of CNS disease ever vs.
never), HER2 maintained an independent prognostic significance
(HR for OS from primary 4.34, 95% CI 1.71-11.06, p=0.002) and CNS
disease status did not (p=0.198, Table 2).

At diagnosis of CNS disease, all patients were treated with CNS
lesions radiotherapy (RT), with the exception of two cases (one
HER2-positive and one HER-2 negative) who were diagnosed with
CNS metastases during systemic treatment for R/M disease. Of note,
the patient with HER-2 amplified SGC was on treatment with ADT, at
CNS disease (>5 lesions) onset he was treated with chemotherapy, but
eventually died after 2 months. The subject with HER-2 negative
disease was diagnosed with 2 brain lesions while on ADT, continued
hormone therapy beyond progression, and is still alive with stable
CNS disease after 13 months from the diagnosis of CNS metastases, at
the time of study analysis.

Descriptive analyses on clinical characteristics, treatments, and
outcomes in the different clinical scenarios are reported in
Supplementary Tables 2 and 3. No statistical analyses were
performed due to the limited sample size and number of events in
each subgroup.

The majority (68%, n.13) received either stereotactic brain RT
(SBRT) or Cyberknife radiosurgery, while 7 cases (37%) received
whole brain RT (WBRT).

All the 12 patients developing CNS lesions after metastatic disease
(with or without loco-regional SGC at diagnosis) received at least one
line of palliative systemic treatment.

After the diagnosis of CNS disease, systemic treatments were
administered in 17 cases (89%), while the remaining two cases
underwent best supportive care (BSC).

Within the group of 12 patients with unavailable HER2 status
only one was found with a CNS metastasis, after 17 months from the
diagnosis of the primary SGC. He was treated with two lines of
hormone treatment and the single CNS metastasis was treated with
Cyberknife radiosurgery.
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TABLE 1 Patient characteristics.

Number

General

(]

HER2-positive

26 (42%)

HER2-negative

36 (58%)

10.3389/fonc.2022.1096068
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M 60 (97%) 25 (96%) 35 (97%)
1.0*
F 2 (3%) 1 (4%) 1 (3%)
. 62 years 57.5 years 61.5 years
Med 0.074**
edian age (range 27-78) (range 27-74) (range 39-78)
Histologic type
SDC 51 (82%) 23 (88%) 28 (78%)
0.332*
Adenoca NOS 11 (18%) 3 (12%) 8 (22%)
Previous condition
Yes 12 (19%) 4 (15%) 8 (22%)
RT-induced 8 (13%) 1 (4%) 7 (19%)
NPC 4 1 3
Lymphoma 3 - 3 0.746
Other HNSCC 1 - 1 (yes vs. no)*
Ex pleom. ad. 3 (5%) 2 (8%) 1 (3%)
Pregnancy 1(2%) 1 (4%) -
No 50 (81%) 22 (85%) 28 (78%)
Treatments
LR treatment 19 (31%) 11 (42%) 8 (22%) 0.104
None 5 (8%) 3 (12%) 2 (6%) (yes vs. no)*
Surgery 21 (34%) 6 (23%) 15 (42%)
Surgery-RT 17 (27%) 6 (23%) 11 (31%) 0.119 (0 vs. = 1)*
Surgery-CRT 7 (11%) 5 (19%) 2 (6%)
RM disease 20 (32%) 8 (31%) 12 (33%) 0.032 (ADTvs.
Lines of systemic treatments 30 (48%) 11 (42%) 19 (53%) never ADT)*0.312
5 (8%) 2 (8%) 3 (8%) (yes vs. no)*
0 49 (79%) 17 (65%) 32 (89%)
1 36 (58%) 14 (54%) 22 (61%)
2-3 7 (11%) 7 (27%) 0
>4 3 (5%) 0 3 (8%)
Treatments 23 (37%) 9 (35%) 14 (39%)
ADT
CT
Anti-HER2
Other targeted therapy
Palliative RT
CNS metastases
Yes 19 (31%) 10 (38%) 9 (25%)
0.278*
No 43 (69%) 16 (62%) 27 (75%)
Median survival b
DFI 16.33 months 12.11 months 19.28 months 0.002
(Continued)
51
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TABLE 1 Continued

General HER2-positive HER2-negative
Number (] 26 (42%) 36 (58%)
CNSmfs (95% CI 11.57-19.47) (95% CI 5.92-15.19) (95% CI 15.56-23.09) 0.08
TTCNS NR (95% 62.9-NR) NR (95% 19.15-NR) NR (95% 62.9-NR) 0.083
OS from primary 19.87 months 18.02 months 27.8 months 0.0007
OS from R/M (95% CI 14.8-29.24) (95% CI 5.92-24.64) (95% CI 12.04-62.89) 0.004
OS from CNS mets 74.48 months 43.52 months 115.79 months 0.133

(95% CI 46.05-NR)
46.74 months

(95% CI 31.32-NR)
18.26 months
(95% CI 9.61-NR)

(95% CI 20.76-47.6)
25.66 months
(95% CI 18.88-32.4)
11.51 months
(95% CI 2.11-18.26)

(95% CI 58.32-NR)
52.96 months
(95% CI 35.99-NR)
23.36 months
(95% CI 0.49-NR)

Adenoca NOS, adenocarcinoma not otherwise specified; CI, confidence interval; CNS, central nervous system; CNSmfs, CNS metastasis-free survival; DFI, disease-free interval; Ex pleom. ad., ex
pleomorphic adenoma; F, female; HNSCC, head and neck squamous cell carcinoma; M, male; NR, not reached; OS from primary, overall survival measured from the date of diagnosis of primary
tumor; OS from R/M, overall survival measured from the date of diagnosis of recurrent/metastatic tumor; OS from CNS mets, overall survival measured from the date of diagnosis of CNS

metastases; RT-induced, radiation-induced; SDC, salivary duct carcinoma.
* Fisher’s exact test.

** Mann-Whitney test.

*** log-rank test.

4 Discussion

This retrospective study describes clinicopathological
characteristics and outcomes in a cohort of patients with R/M AR-
positive SDC and adenocarcinoma NOS according to HER2 status,
with a particular focus on CNS metastasis.

HER2 overexpression has been associated with poor prognosis in
patients with breast and gastric cancers (18) but its prognostic role
remains controversial in SGC.

In line with some prior evidences (14, 15), the current study
confirmed HER2 overexpression to be associated with worse
outcomes in SGC. A higher risk of recurrence and death was
reported in the AR-positive/HER2-positive compared to AR-
positive/HER2-negative cohort: DFI and OS (both from primary
and from R/M) were significantly shorter (mDFI 12.11 m vs 19.28
m p=0.002; mOS from primary 43.52 m vs 115.79 m p=0.0007; mOS
from R/M 25.66 m vs 52.96 m p=0.004 respectively). In patients with
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FIGURE 1

Disease-free interval from primary tumor diagnosis (left panel) and overall survival from the occurrence of recurrent/metastatic disease (right panel).

HER2-positive disease (vs HER2-negative), HR for disease recurrence
was 2.97 (95% CI 1.44-6.1, p=0.003) and HR for death from R/M
disease was 3.22 (95% CI 1.39-7.49, p=0.007).

Nevertheless, in other previous studies HER2-overexpression was
not related to worse prognosis (19), including a recently published
retrospective analysis of 200 patients with SDC and adenocarcinoma
NOS treated at the MD Anderson Cancer Center. Although no direct
comparisons can be made between retrospective case series published
at different Institutions, that study and the present one differ from
each other for several reasons. In the US study, only 77% of patients
had AR-positive disease, and all disease stages were included (ie.,
patients with potentially curable disease at diagnosis or with
metastatic disease upfront). In our case series, we included patients
with R/M only, not all comers, because only those subjects are treated
with antiandrogen or anti-HER2 agents, with the exception of
patients receiving off label adjuvant therapy after loco-
regional treatments.

0S from R/M disease diagnosis

p=0.004

08

06

04

Survival probability

02~

00

T T

0 12 24 36 48 60 72 84 96 108 120
months

amplified negative

amplified 2 10 B 2 1 1 o
negative 36 £l 24 12 7 s 4 3 2 2 1

Frontiers in Oncology

frontiersin.org


https://doi.org/10.3389/fonc.2022.1096068
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Cavalieri et al.

10.3389/fonc.2022.1096068

TABLE 2 Bivariate analysis for OS according to HER2 status and presence/absence of CNS disease.

HR (95% Cl) p value
OS from primary
HER2-pos (vs. neg) 4.34 (1.71-11.06) 0.002
CNS disease ever (vs. never) 1.76 (0.75-4.14) 0.198
OS from R/M
HER2-pos (vs. neg) 3.12 (1.33-7.32) 0.009
CNS disease ever (vs. never) 1.63 (0.69-3.85) 0.267
CI, confidence interval; CNS, central nervous system; NR, not reached; OS from primary, overall survival measured from the date of diagnosis of primary tumor; OS from R/M, overall survival
measured from the date of diagnosis of recurrent/metastatic tumor.

Moreover, in the MD Anderson study tumors were classified as
HER-2 positive if they scored as 2+ or 3+ by IHC, regardless of FISH
results (20). In our study, we considered only patients with R/M AR-
positive disease and tumors were classified as HER2-positive only if
IHC score was 3+ or 2+ with gene amplification by FISH. Even the
threshold for AR-positivity was different in the two studies (positivity
defined as THC staining in > 10% of tumor cells in that study versus a
combined expression score obtained by summing the scores of
staining intensity and extent in our dataset) selecting in our study a
population with higher expression of AR and HER2. Finally, a lower
prevalence of patients treated with anti-HER2 was observed in our
cohort (27%) when compared to the MD Anderson experience.
Indeed, in the cited article, more than half (17/32) of HER2-
positive SGC patients requiring a first-line systemic therapy were
treated with at least one line of anti-HER2-based regimen (10 in first
line) (20). Although no direct comparisons can be made between that
retrospective series and ours, it is likely that the different regulatory
and reimbursement agencies and laws between the US and European
Countries might have impacted on this different prevalence.

Thus, the difference between groups with/without AR/HER2
molecular alterations might have become more evident in the
present study population. Furthermore, in breast cancer, AR was
shown to play an important role in promoting the growth of HER2-
positive disease by a functionally significant cross-talk with the HER2
signaling (21).

In our study, a non-statistically significant trend towards a higher
risk of CNS metastasis, with shorter CNSmfs (HR 2.88 [95% CI 0.87-
6.97]; p=0.089) emerged in HER2-positive compared to HER2-negative
cohort. As expected, regardless of HER2 status, the outcomes of patients
with CNS metastases were worse than those observed in those without
CNS metastases (mOS 43.52m vs 94.31m, although not significant,
p=0.125). Nevertheless, after adjustment according to HER2 status, the
presence of CNS metastases did not seem to be prognostic per se, since
this variable lost its prognostic significance at bivariate analysis, while
HER?2 status did not. This might be explained by the worse prognosis of
HER2-amplified SGCs, as known from the literature and as observed in
our series. In fact, in the case of neurological involvement, TTCNS
(p=0.083) and OS (p=0.133) were shorter, though not significant, also in
the HER2-positive group.

It should be noted that only 27% of HER2-positive patients
received an anti-HER2 directed treatment, as most patients were
treated from 2010 to 2021 when none of these drugs were available for
use in clinical practice in Italy. This finding confirms poor outcomes
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in HER2-positive SGC patients especially if not treated with targeted
therapy, as we assume that an additional benefit in clinical outcomes
is to be expected by a targeted agent as suggested by recent data (8, 9,
11-13).

In our analysis, there were no statistically significant differences in
the clinical characteristics between HER2-positive and HER2-
negative populations, but we found a trend for HER2-positive to be
younger, less frequently affected by adenocarcinoma NOS, and more
frequently affected by CNS metastases. This latter finding resembles
the clinical behavior of HER2-positive breast cancer, as confirmed by
a recent study of the Unicancer Epidemiological Strategy and Medical
Economics (ESME) metastatic breast cancer (MBC) database (n =
16,701): 24.6% of the patients developed brain metastasis, and the risk
was higher for patients with HER2-positive/hormone receptor (HR)-
negative and triple-negative (TNBC) breast cancer (22).

All these findings confirm the importance of assessing the HER2
status always at diagnosis of SDC and adenocarcinoma NOS, because
of its prognostic role, and it should guide the treatment choice, as
recommended by major guidelines (23, 24).

With the limit of a small sample size, we observed a 8% prevalence of
CNS metastases even in the group with unavailable HER?2 status. This
underlines the importance to assess a prompt CNS staging at diagnosis in
HER2-positive disease and during the follow-up in any AR-positive SGC,
even if it does not seem to impact prognosis per se in our bivariate
analysis. Further studies are needed to confirm this suggestion, similarly
to the current studies on this subject in breast disease. In fact, despite
compelling evidence, in HER2 breast cancer, the upfront screening for
CNS disease is currently not recommended, due to a lack of data
supporting its benefit in terms of overall survival (25). Therefore, the
potential benefit from proactive screening strategies in selected patients
with increased risk for CNS metastases is being studied in ongoing
clinical trials (NCT03881605, NCT03617341, NCT04030507).

In our study, only patients with AR-positive disease were studied,
and in this setting the HER2 status was prognostic. This points out the
need for more effective treatments for patients with SGC harboring
both AR and HER2 overexpression. A retrospective study on SDC or
AR-positive adenocarcinoma NOS reported an objective response
rate (ORR) to ADT of 55% in the first-line setting and 16.7% for
subsequent lines (26), suggesting that ADT as first-line therapy
provides a relevant clinical benefit in this setting. Given the
encouraging activity in HER2-positive SGC with HER2-targeted
therapies (8-10, 12, 27), we can speculate that adding HER2-
blockade to ADT may improve survival outcomes. In this scenario,
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interestingly, recent in vitro experiments showed that enzalutamide,
an anti-androgen drug, inhibits the growth of HER2 breast cancer
cells (21). This suggests that the activity of AR inhibition might be
anticipated in HER2-positive SGCs, even independently of HER2
inhibitors. Clinical trials focused on AR-positive/HER2-positive SGC
patients are needed to evaluate this suggestion.

There are some study limitations that need to be considered. Thisis a
retrospective study performed at a single institution. Moreover, in 16% of
the case series HER2 status was not available, and this may have
produced a bias in the analyses. This lack of information in 12 subjects
is mainly due to the fact that this case series was analyzed by collecting
consecutive patients treated at our Institution from 2010 to 2021, and the
first robust evidence of the activity of anti-HER2 agents in HER2-
amplified R/M SGC patients was published in 2019. Therefore, at the
time the first patients included in this article were on treatment at our
Institution, neither trastuzumab nor any other anti-HER2 drugs were
formally approved yet for R/M SGC patients worldwide.

A strength of this study is the number of patients, which is
significant for a monocentric cohort of patients with recurrent/
metastatic disease only affected by such a rare tumor. Collaborative
ongoing efforts such as EURACAN could provide a platform to
further investigate these rare entities. Furthermore, only a minority
of HER2-positive patients received anti-HER2 drugs, which are
known to have an impact on the response of CNS metastases.

5 Conclusions

This study focuses on CNS metastases in SDC and
adenocarcinoma NOS patients, suggesting possible connections
with HER2 status. Further studies are needed to confirm our
findings and to investigate the clinical benefit of tackling the two
biological pathways in patients affected by these rare and
aggressive malignancies.
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Number of positive lymph nodes
affects outcomes in parotid
adenoid cystic carcinoma
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Department of Pediatric Dentistry, The First Affiliated Hospital of Zhengzhou University, Zhengzhou,
Henan, China

Objectives: Survival significance of the number of positive lymph nodes (LNs) in
parotid adenoid cystic carcinoma (ACC) remains unknown; thus, this study aimed
to determine the impact of the number of positive LNs on the prognosis of
parotid ACC.

Methods: Patients with surgically treated parotid ACC were enrolled from the
SEER database. The number of positive LNs was analyzed using three models (O
vs 1+, 0vs1vs2vs3vs4vs4vs5vs 6+, 0/1vs 2-4 vs 5+), its hazard ratios on
disease specific survival (DSS) and overall survival (OS) were assessed using
univariate and multivariate Cox analyses.

Results: A total of 1,689 patients were included. In all models, the number of
positive LNs was independently related to DSS and OS, model 3 had the highest
C-index for DSS [0.83 (95% CI: 0.81-0.85)] and OS [0.82 (95% CI: 0.80-0.84)].
Compared with the 0/1 positive LN group, the 2—4 positive LN group had an HR
of 2.81 (95% Cl: 1.73-4.56) for DSS and 2.36 (95% Cl: 1.58-3.54) for OS. The 5+
LN group had an HR of 20.15 (95% CI: 7.50-54.18) for DSS and 14.20 (95% ClI:
5.45-36.97) for OS. No overlap existed in the 95% CI of the HR.

Conclusions: The three prognostic categories based on the number of positive
LNs (0/1 vs 2—4 vs 5+) could stratify the DSS and OS in parotid ACC without
overlap.

KEYWORDS

parotid gland, adenoid cystic carcinoma, number of positive lymph nodes,
survival, AJCC

Introduction

Adenoid cystic carcinoma (ACC) is one of the most common malignancies among all
parotid tumors. It is characterized by distant metastasis and perineural infiltration (1),
making it remarkably different from other parotid cancers. Although neck nodal metastasis
is relatively uncommon, it is still an important prognostic factor in parotid ACC (2). The
neck nodal status for parotid cancer is currently deduced from head and neck squamous
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cell carcinoma (HNSCC), which is evidently inadequate.
Meanwhile, the intraparotid lymph node (LN), which significantly
affects prognosis, is not taken into consideration (3, 4). On the other
hand, parotid cancer exhibits distinct differences in biology from
HNSCC. Contralateral neck LN metastasis is extremely rare in
parotid cancer, and this staging fails to distinguish the hazard ratio
(HR) of four groups in relation to the prognosis (2, 5). In other
words, the 95% confidence interval (CI) of a stage overlaps with the
adjacent stages.

Novel LN stagings have been proposed based on the number of
positive LNs and/or LN size (6, 7), in which the systems are
determined according to the different cutoffs of quantitative LN
burden. Both exhibit greater concordance than the current neck
nodal classification. However, the two previous studies have
analyzed data comprising all major salivary gland histologic types.
Thus, whether the findings could be applied for parotid ACC
is uncertain.

Therefore, this study aimed to clarify the impact of the number
of positive LNs on the prognosis of parotid ACC.

Patients and methods
Study design

All data was obtained from the Surveillance, Epidemiology, and
End Results database, which provides information on cancer
statistics to reduce the cancer burden among the United States
population (8). The profiles of the patients diagnosed with parotid
ACC between 2000 and 2019 were reviewed. Patients were excluded
as follows: repeated patient ID; a history of other malignancy; non-
surgical treatment of primary tumor; unknown number of positive
LNs; and number of pathologically examined LNs is smaller than 4
(Figure 1). Information regarding age, sex, race, marital status,
tumor size, tumor extension, grade, pathologic tumor stage based
on the 8™ American Joint Committee on Cancer (AJCC)
classification, extranodal extension (ENE), distant metastasis,

Patients with adenoid cystic
carcinoma in parotid gland
n=4611

10.3389/fonc.2023.1153186

operation type, radiation, chemotherapy, number of positive LN,
and follow-up were extracted and analyzed.

Ethical approval was not required because the data is
publicly accessible.

Variable definition

The disease grade was classified into low, moderate, and high. A
low grade was defined as well differentiated; a moderate grade was
defined as moderately differentiated; and a high grade was defined
as poorly differentiated or undifferentiated. The tumor size was
determined based on the Tumor Size Summary (2016+),
Collaborative Stage tumor size (2004-2015), and extent of disease
(EOD) 10-size (1988-2003). The tumor extension was defined as
extracapsular invasion and evaluated based on the Derived EOD
2018 T (2018+), Collaborative Stage extension (2004-2015), and
EOD 10-extent (1988-2003). The tumor stage was extrapolated
based on the tumor size, tumor extension, and Derived AJCC
classification. ENE was formulated based on Derived EOD
2018 N (2018+), Derived AJCC classification, RX Summ-Scope
Reg LN Sur (2003+), EOD Regional Nodes (2018+), CS lymph
nodes (2004-2015), and EOD 10 - nodes (1988-2003). Distant
metastasis was confirmed using the Derived AJCC classification.
The type of operation consisted of non-total and total
parotidectomy and was decided based on the RX Summ-Surg
Prim Site (1998+). The number of positive LN was calculated
based on the Regional nodes examined (1988+), Regional nodes
positive (1988+), and RX Summ-Scope Reg LN Sur (2003+). The
time to surgery (TTS) was defined as the duration between the
diagnosis and treatment.

Statistical analysis

Missing data patterns were evaluated on whether they occur at
random using the method previously introduced and imputed using

Repeated patient ID: n=700

A history of other malignancy: n=147

Unknown of positive lymph nodes: n=481

INNEEI

Non-surgical treatment of primary tumor: n=595 |
Number of examined LNs smaller than 4: n=999 |

Patients included: n=1689

FIGURE 1
Flowchart of the enrolled patients.
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multiple imputation by fully conditional specifications, which was
implemented using multiple imputation by chained equations
(7, 9).

The primary outcome variable was disease-specific survival
(DSS) and overall survival (OS). The time of DSS was calculated
from the date of surgery to the date of cancer-caused death or last
follow-up. Meanwhile, the time of OS was calculated from the date
of surgery to the date of overall death or last follow-up.

Three models were constructed using different cutoffs for the
number of positive LNs to detect the optimal cutoff. In model 1,
the impact was compared between the 0 and 1+ groups. In model 2,
the impact was analyzed among the 0, 1, 2, 3, 4, 5, and 6+ groups.
In model 3, the impact was determined among the 0/1, 2-4, and
5+ groups.

In all three models, estimated survival functions were
generated via the Kaplan-Meier method and compared with the
logrank test, univariate Cox analysis was used to assess the
variables that affect survival significantly. Subsequently, these
variables were further validated through multivariate Cox
analysis for detecting independent factors. The three models
were evaluated using C-index. All statistical analyses were
performed using R program version 3.4.3. Statistical significance
was set at p < 0.05 (two-sided).

Results
Baseline data

A total of 1,689 patients were included with a mean age of 52 +
17 years, in which 665 (39.4%) were males and 1,024 (60.0%) were
females. Caucasian patients accounted for 76.1% of the total
population. During the initial treatment, 59.0% of the patients
were married. Low-, moderate-, and high-grade disease occurred
in 427 (25.3%), 611 (36.2%), and 446 (26.4%) patients, respectively.
The tumor stages were distributed as T1/2 in 604 (35.8%) patients
and T3/4 in 955 (56.5%) patients. ENE was present in 49 (2.9%)
patients. Distant metastasis was present in 90 (5.3%) patients during
diagnosis. Total parotidectomy was performed in 1,157 (68.5%)
patients. A total of 1,294 (76.6%) and 107 (6.3%) patients received
radiotherapy and chemotherapy, respectively.

LN metastasis occurred in 534 (31.6%) patients, in which 282
patients had one positive LN, 108 patients had two positive LNs, 62
patients had three positive LNs, 24 patients had four positive LN,
16 patients had five positive LNs, and 42 patients had six or more
positive LNGs.

Univariate Cox analysis

Table 1 presents the potential predictors of DSS. Compared to
low-grade disease, moderate- and high-grade disease was associated
with increased one- and two-fold risk of cancer-caused death,
respectively. T3/4 tumors had an HR of 1.95 (95% CI: 1.01-3.26),
which was statistically higher than that in T1/2 tumors (p < 0.001).
Distant metastasis predicted an HR of 1.77 (95% CI: 1.11-2.46) of
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TABLE 1 Univariate cox analysis of the impact of clinicopathologic
variables on disease specific survival.

Variable p HR [95%Cl]
Age

<60 (n=1072)

60-69 (n=335) 0.260 1.15 [0.90-1.45]
70+ (n=282) 0.154 0.81 [0.61-1.08]
Sex

Male (n=665)

Female (n=1024) 0.867 0.98 [0.81-1.20]
Race

White (n=1286)

Black (n=183) 0.386 1.14 [0.84-1.55]
Others (n=220) 0.618 0.93 [0.69-1.25]
Marital

Married (n=996)

Single (n=328) 0.994 1.00 [0.78-1.29]
Others (365) 0.793 0.97 [0.76-1.23]
Grade

Low (n=427)

Moderate (n=611) <0.001 1.89 [1.03-2.99]
High (n=446) <0.001 2.79 [1.76-4.87)
Tumor stage

T1+T2 (n=604)

T3+T4 (n=955) <0.001 1.95 [1.01-3.26]
Extranodal extension (n=49) 0.177 4.83 [0.77-19.55]
Distant metastasis (n=90) <0.001 1.77 [1.11-2.46]
Operation type 0.491 1.08 [0.87-1.33]
Non-total (n=532)

Total (n=1157)

Radiotherapy (n=1294) 0.859 0.98 [0.78-1.24]
Chemotherapy (n=107) 0.076 1.40 [0.97-2.03]
TTS*(months)

<3 (n=1422)

3+ (n=267) 0.424 0.77 [0.41-1.47]

*TTS, time to surgery.

cancer-caused death. A statistical relationship between age, sex,
race, marital, ENE, operation type, radiotherapy, chemotherapy,
and TTS and DSS was not noted (all p > 0.05).

Table 2 presents the potential predictors of OS. Compared to
the younger ones, patients aged 70+ had an additional nearly three-
fold risk of overall death. Both moderate- and high-grade disease
statistically meant more risk of overall death than low-grade disease
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TABLE 2 Univariate cox analysis of the impact of clinicopathologic
variables on overall survival.

Variable p HR [95%Cl]

Age

<60 (n=1072)

60-69 (n=335) 0.138 1.16 [0.95-1.42]
70+ (n=282) <0.001 3.85 [1.58-8.09]
Sex

Male (n=665)

Female (n=1024) 0.663 0.96 [0.82-1.14]
Race

White (n=1286)

Black (n=183) 0.478 1.10 [0.86-1.42]
Others (n=220) 0.569 0.93 [0.72-1.19]
Marital

Married (n=996)

Single (n=328) 0.895 0.99 [0.80-1.22]
Others (365) 0.979 1.00 [0.82-1.22]
Grade

Low (n=427)

Moderate (n=611) <0.001 1.27 [1.09-2.02]
High (n=446) <0.001 2.18 [1.61-3.70]
Tumor stage

T1+T2 (n=604)

T3+T4 (n=955) <0.001 2.92 [1.02-5.08]
Extranodal extension (n=49) 0.084 3.42 [0.85-13.81]
Distant metastasis (n=90) <0.001 2.89 [1.54-5.44]
Operation type

Non-total (n=532)

Total (n=1157) 0.271 1.10 [0.93-1.32]
Radiotherapy (n=1294) 0.803 1.03 [0.84-1.25]
Chemotherapy (n=107) 0.081 1.33 [0.97-1.82]
TTS*(months)

<3 (n=1422)

3+ (n=267) 0.308 0.92 [0.77-1.08]

*TTS, time to surgery.

(both p < 0.001). T3/4 tumors had an HR of 2.92 (95% CI: 1.02-
5.08), which was statistically higher than that in T1/2 tumors (p <
0.001). Distant metastasis predicted an HR of 2.89 (95% CI: 1.54-
5.44) of overall death. A statistical relationship between sex, race,
marital, ENE, operation type, radiotherapy, chemotherapy, and TTS
and OS was not noted (all p > 0.05).
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Impact of the number of positive LNs

In model 1, the presence of LN metastasis statistically decreased
DSS and OS in the univariate and multivariate Cox analyses and
was associated with an additional nearly two- and 1.5-fold risk for
cancer-caused and overall death, respectively (Tables 3, 4). The 10-
year DSS rates for patients with none and 1+ positive LN were 76%
(95% CI: 72%-80%) and 52% (95% CI: 46%-58%), respectively, the
difference was significant (p<0.001). The 10-year OS rates for
patients with none and 1+ positive LN were 65% (95% CI: 61%-
69%) and 43% (95% CI: 37%-49%), respectively, the difference was
significant (p<0.001) (Figures 2A, D). The C-index for DSS and OS
was 0.63 (95% CI: 0.57-0.69) and 0.64 (95% CI: 0.58-
0.70), respectively.

In model 2, the univariate Cox analysis reported the statistical
association between DSS/OS and the number of positive LNs. In the
multivariate Cox analysis, compared with no LN metastasis, one
positive LN did not provide additional compromise to DSS, while
two or more positive LNs were related to worse DSS. The 10-year
DSS rates of the 2, 3, and 4+ LN groups were 51% (95% CI: 41-
61%), 54% (95% CL 36-72%), and 50% (95% CI: 30-70%),
respectively. Their HR was comparable, and their 95% CI greatly
overlapped. In the 5 and 6+ positive LNs groups, the median DSS
time was 37.0 (95% CI: 31.7-42.3) and 25.0 (95% CL 9.3-40.6)
months, respectively. Their 95% CI also apparently overlapped. As
for the OS, a similar trend was observed (Tables 3, 4; Figures 2B, E).
The C-index for DSS and OS was 0.77 (95% CI: 0.73-0.81) and 0.76
(95% CI: 0.75-0.78), respectively.

In model 3, the univariate Cox analysis described a statistical
association between DSS/OS and the number of positive LNs. The
10-year DSS rates in the 0/1, 2-4, 5+ positive LN groups were 74%
(95% CI: 70-78%), 60% (95% CL: 54-66%), and 50% (95% CI: 48—
52%), respectively, the difference was significant (p<0.001). The 10-
year OS rates in the 0/1, 2-4, 5+ positive LN groups were 63% (95%
CL: 59-67%), 50% (95% CI: 44-56%), and 9% (95% CL: 1-17%),
respectively, the difference was significant (p<0.001) (Figures 2C, F).
In the multivariate Cox analysis, compared with the 0/1 positive LN
group, the 2-4 positive LN group had an HR of 2.81 (95% CI: 1.73-
4.56) for DSS and 2.36 (95% CI: 1.58-3.54) for OS, respectively. The
5+ LN group had an HR of 20.15 (95% CI: 7.50-54.18) for DSS and
14.20 (95% CI: 5.45-36.97) for OS, respectively (Tables 3, 4). The C-
index for DSS and OS was 0.83 (95% CI: 0.81-0.85) and 0.82 (95%
CI: 0.80-0.84), respectively.

Discussion

The main finding was that LN metastasis was an important
prognostic factor for both DSS and OS; however, the negative
impact was only observed when at least two positive LNs were
present. The three prognostic categories based on the number of
positive LNs (0/1 vs 2-4 vs 5+) could predict oncologic outcomes in
parotid ACC without overlap and ultimately help triage high-risk
patients who may benefit from more aggressive adjuvant therapies.
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TABLE 3 Univariate and multivariate Cox analysis of the impact of number of positive lymph nodes on disease specific survival.

Classification Univariate Multivariate

HR [95%Cl] HR [95%Cl]
Model 1
0 (n=1155) Ref
1+ (n=534) <0.001 2.60 [2.14-3.15] <0.001 2.82 [1.82-4.37]
Model 2
0 (n=1155) Ref
1 (n=282) <0.001 2.13 [1.67-2.71] 0.379 1.53 [0.60-3.91]
2 (n=108) <0.001 2.50 [1.83-3.43] <0.001 2.75 [1.61-4.69]
3 (n=62) <0.001 2.05 [1.27-3.33] 0.047 3.46 [1.08-14.33]
4 (n=24) <0.001 3.00 [1.67-5.37) 0.045 3.34 [1.03-10.90]
5 (n=16) <0.001 14.01 [8.07-24.31] <0.001 15.19 [4.43-52.07]
6+ (n=42) <0.001 5.90 [3.97-8.78] <0.001 48.69 [10.33-229.45]
Model 3
0/1 (n=1437) Ref
2-4 (n=194) <0.001 1.92 [1.55-2.38] <0.001 2.81 [1.73-4.56]
5+ (n=58) <0.001 6.43 [4.62-8.94] <0.001 20.15 [7.50-54.18]

Model 1 confirmed that LN metastasis is an independent  was the only independent prognostic factor. Moreover, neck LN
predictor of DSS and OS. However, it referred to the metastasis  metastasis was related to nearly an increased five-fold risk of overall
of intraparotid or neck LN, both of which significantly decrease  death. Feng et al. (11) discussed the significance of intraparotid LN
survival. Han et al. (10) analyzed the association between cervical =~ metastasis in 337 patients and reported that the 10-year local
LN involvement and OS in 54 patients and found that node status ~ control rate was 94% for patients without intraparotid LN

TABLE 4 Univariate and multivariate Cox analysis of the impact of number of positive lymph nodes on overall survival.

Classification Univariate Multivariate

HR [95%Cl] HR [95%Cl]
Model 1
0 (n=1155)
1+ (n=534) <0.001 2.06 [1.75-2.42] <0.001 2.26 [1.56-3.27)
Model 2
0 (n=1155)
1 (n=282) <0.001 1.81 [1.48-2.22] 0.739 1.16 [0.50-2.69]
2 (n=108) <0.001 1.95 [1.48-2.57] 0.029 2.37 [1.28-6.72]
3 (n=62) 0.002 1.89 [1.27-2.82] 0.001 2.16 [1.37-3.40]
4 (n=24) 0.026 1.93 [1.08-3.44] 0.001 4.12 [1.77-9.59]
5 (n=16) <0.001 9.71 [5.64-16.72] <0.001 10.67 [3.21-35.49]
6+ (n=42) <0.001 3.95 [2.72-5.76] <0.001 32.15 [7.23-143.03]
Model 3
0/1 (n=1437)
2-4 (n=194) <0.001 1.69 [1.41-2.02] <0.001 2.36 [1.58-3.54]
5+ (n=58) <0.001 448 [3.27-6.14] <0.001 14.20 [5.45-36.97]

Frontiers in Oncology 60 frontiersin.org


https://doi.org/10.3389/fonc.2023.1153186
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Han 10.3389/fonc.2023.1153186
Comparison of OS/DSS among groups of different numbers of positive lymph nodes
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FIGURE 2

Comparison of disease specific survival (DSS) and overall survival (OS) in patients with different numbers of positive lymph nodes. DSS: (A) O vs 1+;
(B)Ovs1vs2vs3vs4vs5vs6+;(C)0/1vs2-4vs5+; OS: (D) Ovs1l+; (EOvs1vs2vs3vs4vs5vs6+; (F) 0/1vs 2-4 vs 5+.

metastasis, 56% for patients with metastasis in no more than two
intraparotid LNs, and 22% for patients with metastasis in more than
two intraparotid LNs. Moreover, the differences were statistically
significant independently. However, model 1 could not explain the
effect of LN metastasis on survival as stratified through
numbers accurately.

Model 2 provided a more interesting finding. Firstly, this was
the first to report that the presence of only one positive LN did not
pose any additional compromise in survival compared with the
absence of LN metastasis. In many solid cancers, prognosis would
be decreased by up to half although there was only one positive LN
(12). The obvious difference might be accounted by the unique
features of ACC, and that the common cause of death was distant
metastasis rather than regional LN metastasis (13). Moreover, LN
metastasis was relatively infrequent in ACC (14). This finding
offered new insights into the clinical management of parotid
ACC. Secondly, the negative impact of LN metastasis on DSS or
OS began to appear when there was at least two positive LNs, and
the effect did not increase significantly although four positive LNs
were detected. A few studies aimed to clarify how different numbers
of positive LNs affect survival in ACC. Liu et al. (15) analyzed the
outcome of 47 patients with pN+ ACC in the head and neck. They
found that in cases with one, two to three, and four positive LNs, the
5-year OS rates were 86.6%, 66.3%, and 60.0%, respectively, and the
difference was not significant. This difference from the current
study could be contributed by their small sample size and different
cutoff values. However, another study reported that a positive LN
ratio greater than 0.2 was associated with poorer metastasis-free
survival, and a ratio > 0.07 predicted worse DSS (16). However, the
ratio was greatly decided by the dissection of the LN, which may be
influenced by several uncontrollable factors. Moreover, the method
of LN examination varied among different medical centers, and the
number, as a variable, was likely to be more stable than the ratio.
Thirdly, DSS and OS were greatly inhibited if five or six or more
positive LNs were present, and the 95% CI of the survival rates and
HR of the two groups apparently overlapped. A study which
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focused on salivary duct carcinoma (17) reported that the
presence of nine or more positive LNs had increased the nearly
11-fold risk of overall death compared to eight or less positive LNs.
They also reported in another study that patients with five or more
positive LNs were significantly at higher chance of developing
cancer-caused death in major salivary gland carcinoma (18).

Model 3 offered the best predictive value for DSS and OS. Its
cutoff was determined based on models 1 and 2 with high rationality
and reliability, and the three groups had distinct, non-overlapping
prognosis and HR. Only a few studies aimed to propose a new LN
staging system that will be beneficial for clinical practice. In a study
consisting of 307 patients treated for salivary gland carcinoma (6),
ENE did not exhibit any negative impact on DSS, OS, locoregional
recurrence, or distant metastasis. Moreover, the neck stage based on
the 8" AJCC classification could not present a satisfactory OS
stratification. However, the new LN system, which was developed
based on the number of positive LNs (0 vs 1-3 vs 4+) and/or
their maximum diameter (< 20 mm vs 20+ mm) showed better
accuracy in OS prediction. In another similar study (7), ENE was
also not related to worse OS, and a four-category LN staging system
according to the number of positive LNs (0 vs 1-2 vs 3-21 vs 22+)
was superior to the current N classification at OS stratification.
Boon et al. (19) evaluated the results of 177 patients with salivary
duct carcinoma and reported that the absolute number of metastatic
LNs (0 vs 1-2 vs 3-15 vs 16+), rather than the traditional cervical
stage, was the only significant prognostic factor for OS as shown by
the results of a multivariate analysis.

Therefore, four key points could be deduced: (1) ENE may
demonstrate little influence on survival; (2) intraparotid LN should
be taken into consideration in nodal staging; (3) an LN staging
based on the number of positive LNs could be a good surrogate for
the current system; and (4) the optimal cutoff for the number of
positive LNs varied with the histologic type. Our three prognostic
categories provided an accurate discrimination for low-, moderate-,
and high-risk patients and could be used as a central predictor of
mortality in parotid ACC.
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Nevertheless, this study still has some limitations. First, this was
a retrospective study; hence, there may be inherent bias. Second,
data on lymphovascular invasion and margin status were not
available. Third, we only enrolled patients with parotid ACC, it
remained unknown whether current finding was suitable for
parotid cancers of other histologic types.

In summary, LN metastasis significantly impacts survival in
parotid ACC; however, the effect is not apparent until at least two
positive LNs are present. Our three prognostic categories based on
the number of positive LNs (0/1 vs 2-4 vs 5+) could be used to
screen patients with different risks and plan for more aggressive
treatment for high-risk patients.
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taxane and platinum in patients
with salivary gland carcinoma: a
retrospective study of docetaxel
plus cisplatin and paclitaxel

plus carboplatin
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!Department of Head and Neck Medical Oncology, National Cancer Center Hospital East,
Kashiwa, Japan, 2Department of Head and Neck Oncology, Miyagi Cancer Center, Natori, Japan,
sDepartment of Otorhinolaryngology-Head and Neck Surgery, Tokyo Medical University,
Shinjuku, Japan, “Department of Otorhinolaryngology, Nagoya University Graduate School of
Medicine, Nagoya, Japan

Background: Despite advances in precision medicine, most patients with
recurrent or metastatic salivary gland carcinoma still need conventional
chemotherapies, such as the combination of taxane and platinum. However,
evidence for these standardized regimens is limited.

Methods: We retrospectively reviewed patients with salivary gland carcinoma
treated with a taxane and platinum, which contained docetaxel at a dose of 60
mg/m2 plus cisplatin at a dose of 70 mg/m2 on day 1, or paclitaxel at a dose of
100 mg/m2 plus carboplatin at a dose of area under the plasma concentration-
time curve = 2.5 on days 1 and 8 (both on 21-day cycles), between January 2000
and September 2021.

Result: Forty patients with ten adenoid cystic carcinomas and thirty other
pathologies were identified. Of these, 29 patients were treated with docetaxel
plus cisplatin and 11 with paclitaxel plus carboplatin. For the total population, the
objective response rate (ORR) and median progression-free survival (mPFS) were
37.5% and 5.4 months (95% confidence interval: 3.6—7.4 months), respectively.
On subgroup analysis, docetaxel plus cisplatin provided favorable efficacy
compared with paclitaxel plus carboplatin (ORR: 46.5% vs. 20.0%, mPFS: 7.2 vs.
2.8 months), and the findings were well retained in patients with adenoid cystic
carcinoma (ORR: 60.0% vs. 0%, mPFS: 17.7 vs. 2.8 months). Grade 3/4
neutropenia was relatively frequent in the docetaxel plus cisplatin (59% vs.27%),
although febrile neutropenia was uncommon (3%) in the cohort. No treatment-
related death was seen in any case.

63 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2023.1185198/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1185198/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1185198/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1185198/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1185198/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1185198/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2023.1185198&domain=pdf&date_stamp=2023-06-15
mailto:matahara@east.ncc.go.jp
https://doi.org/10.3389/fonc.2023.1185198
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2023.1185198
https://www.frontiersin.org/journals/oncology

Onaga et al.

10.3389/fonc.2023.1185198

Conclusion: The combination of taxane and platinum is generally effective and
well-tolerated for recurrent or metastatic salivary gland carcinoma. In contrast,
paclitaxel plus carboplatin appears unfavorable in terms of efficacy in certain
patients, such as those with adenoid cystic carcinoma.

KEYWORDS

salivary gland carcinoma, cytotoxic chemotherapy, docetaxel, cisplatin, adenoid

cystic carcinoma

Introduction

Salivary gland carcinoma (SGC) is a rare malignant tumor which
accounts for fewer than 5% of head and neck cancers (1). The disease
is classified into over twenty histological types (2), each of which has a
distinctive clinical course. In general, surgery and radiotherapy are
performed for patients with local disease, whereas systemic therapy is
used for those in local treatment is unsuitable, such as subjects with
distant metastatic disease (3). However, because of its rarity and
various histological types, evidence in support of standard systemic
therapies in this patient population remains limited.

Recently, the effectiveness of targeted therapy for specific oncogenic
driver alterations in SGC has been established (4-7). Because of the
relatively high anti-tumor efficacy and manageable toxicity profile of
these agents, the National Comprehensive Cancer Network (NCCN)
guidelines state they are a useful therapeutic option for those who
harbor the specific alterations (3). However, the majority of patients
with SGC do not have these targets, and are accordingly treated with
conventional cytotoxic chemotherapy, represented by taxane and
platinum as a monotherapy or combination therapy. Of note,
docetaxel plus cisplatin and paclitaxel plus carboplatin have been
relatively well examined and provided an ORR of 11.5%-54.5% and
median overall survival (mOS) of 12-26.5 months in phase II trials and
retrospective studies (8-13). Nevertheless, further validation of these
conventional therapies is worthwhile, particularly with regard to why
treatment efficacy varies among the various histological subtypes.
Moreover, no report has compared the efficacy and safety of these
two approaches.

Here, we aimed to evaluate the efficacy and safety of taxane and
platinum in combination, including docetaxel plus cisplatin and
paclitaxel plus carboplatin, in patients with recurrent or metastatic
(R/M) SGC. We also performed subgroup analyses by type of
regimen and histological subtype to determine whether distinct
populations benefit from a specific regimen.

Materials and methods
Patient selection
We retrospectively reviewed SGC patients treated with

combination chemotherapy with taxane and platinum from
January 2000 to September 2021 at the National Cancer Center
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Hospital East, Japan. The cut-off date was April 1st, 2022. Inclusion
criteria were as follows: (1) pathologically proven SGC, (2) not
suitable for local therapy, (3) primary site in a major or minor
salivary gland, and (4) receipt of at least one course of combination
chemotherapy with taxane and platinum in the R/M setting. To
extract patients with these conditions, we used a computer-
managed search system based on the prescribed regimens, and we
then collected their clinical data from each medical record. Patients
without target lesions were excluded from the evaluation of
antitumor efficacy. This study was approved by the Institutional
review Board of the National Cancer Center Hospital East.

Treatment

The docetaxel plus cisplatin regimen consisted of docetaxel at a
dose of 60 mg/m2 plus cisplatin at a dose of 70 mg/m2 on day 1,
repeated every 21 days. After completion of six cycles of combination
therapy, treatment could continue as maintenance therapy consisting
of docetaxel monotherapy at a dose of 60 mg/m2 on day 1, repeated
every 21 days. The paclitaxel plus carboplatin regimen consisted of
paclitaxel at a dose of 100 mg/m2 plus carboplatin at a dose of area
under the plasma concentration-time curve (AUC) = 2.5 on day 1
and 8, repeated every 21 days. Treatment continued until disease
progression or the development of intolerable toxicity. If intolerable
toxicity to carboplatin appeared, treatment could be continued as
maintenance therapy consisting of paclitaxel monotherapy at a dose
of 100 mg/m2 on day 1 and 8 every 21 days. The selection of regimen
was determined through discussion between the attending physician
and the patient themself from the viewpoint of the patient’s organ
function, age and performance status, and the patient’s preference in
consideration of expected toxicities and administration schedule
(docetaxel plus cisplatin is given in an inpatient setting, while
paclitaxel plus carboplatin can be administrated in an outpatient
setting). In both regimens, dose modification and delay during the
treatment schedule were allowed at the physician’s discretion. When
combination therapy was discontinued due to toxicity, a switch to
maintenance therapy at that time was acceptable in both regimens.
Written informed consent for the therapies, including a treatment
schedule and expected adverse events, was obtained from each
patient. Besides, this study for summarizing their clinical
information was approved by the Institutional review Board of the
National Cancer Center Hospital East.
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Evaluation of efficacy and
statistical analysis

Clinical tumor response to treatment was evaluated
radiographically according to primarily Response Evaluation
Criteria in Solid Tumors (RECIST) ver. 1.1 using computerized
tomography. PFS and OS were calculated by the Kaplan-Meier
method and compared using a log-rank test. Hazard ratios were
calculated by Cox regression analysis. PFS was calculated from the
first day of administration of the taxane and platinum regimen until
disease progression or death from any cause. We defined the disease
progression of patients with non-target lesions only unequivocal
progression containing clinical disease progression. OS was defined
as the period from the first admission day of either regimen until
death from any cause. Patients who were lost to follow-up were
censored at the date of last follow-up. ORR was defined as complete
response and partial response rates. Disease control rate (DCR) was
defined as complete response, partial response, and stable disease
rate. Subgroup analyses by treatment regimen and histological type
were performed. Toxicity during the objective treatment period was
graded using the Common Toxicity Criteria for Adverse Events
(CTCAE version 4.0). All statistical analyses were performed with
EZR (version 1.51; Saitama Medical Center, Jichi Medical University,
Saitama, Japan), which is a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria; version 4.1.1).

Results
Patient characteristics

Forty patients were identified. Their characteristics are
summarized in Table 1. Median age was 60 years (range, 31-77
years), and ECOG performance status (PS) of 0/1/2 was 21/15/3,
respectively. Median baseline of creatinine clearance using the
Cockeroft-Gault formula was 85.9 mL/min (range, 43.3-140.2). The
most common histological type was adenoid cyst carcinoma (AdCC)
(n=10), followed by adenocarcinoma not otherwise specified (ANOS)
(n=8), salivary duct carcinoma (SDC) (n=8) and Carcinoma ex
pleomorphic adenoma (CEPA) (n=6). The positivity of androgen
receptor (AR) and human epidermal growth factor receptor 2
(HER2) in representative histological subtypes were 25.0% and
12.5% in ANOS, 62.5% and 37.5% in SDC, 50.0% and 33.3% in
CEPA, respectively (Table 1). Furthermore, patient and tumor
characteristics according to the histological subtypes (AdCC vs.
others) and regimens are shown in Supplementary Table 1.

Treatment outcome

For all 40 patients, median follow-up time was 15.8 months (range,
0.8-102.3 months) at the cut-off date. The mPFS and mOS were 5.4
months (95% CI 3.6-7.4 months) and 26.6 months (95% CI 12.9- 48.3
months) in the total population (Figure 1); 4.5 months (95%CI 0.5-17.7)
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TABLE 1 Patient and tumor characteristics.

Median age, years [range] 60 [31-77]
Gender
Male 26 (65)
Female 14 (35)
ECOG PS
0 21 (53)
1 15 (38)
2 3(8)
Primary site
Parotid gland 22 (55)
Submandibular gland 12 (30)
Minor salivary gland 6 (15)
Histology
Mucoepidermoid carcinoma 2 (5)
Adenoid cystic carcinoma 10 (25)
Acinic cell carcinoma 1(3)
Adenocarcinoma, NOS (ANOS) 8 (20)
Salivary duct carcinoma (SDC) 8 (20)
Carcinoma ex pleomorphic adenoma (CEPA) 6 (15)
Poorly differentiated carcinoma 4 (10)
Carcinoma, NOS 1(3)
Prior systemic therapy line
0 29 (72.5)
1 9 (22.5)
2 2(5)
Median baseline of creatinine clearance using the Cockcroft- 85.9 [43.3-
Gault formula (mL/min) [range] 140.2]
Hormone receptor expression (overall)
AR-positive and HER2-positive 6 (15)
AR-positive and HER2-negative 5(13)
Both negative or uncertain 29 (73)
Hormone receptor expression in representative subtypes
ANOS (n=8)
AR-positive 4 (25)
HER2-positive 2 (12.5)
SDC (n=8)
AR-positive 5 (62.5)
HER2-positive 3 (37.5)
(Continued)
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TABLE 1 Continued

N = 40
(%)
CEPA (n=6)
AR-positive 3 (50.0)
HER2-positive 2 (33.3)
Prior hormone therapy
Yes 8 (20)
No 32 (80)
Next-generation sequencing
Yes 15 (38)
No 25 (62)

"The number indicates the treatment line in which chemotherapy and hormone therapy were
used as systemic therapy for R/M SGC. AR, androgen receptor; HER2, human epidermal
growth factor receptor 2.

and 30.6 months (95%CI 24.3-NA) in the AdCC group, 5.7 months
(95%CI 3.2-7.5) and 26.6 months (11.0-39.0 months) in non-AdCC
group, respectively. Thirty-two patients had target lesions evaluable by
RECIST, and the ORR and DCR in this population were 37.5% and
87.5% in the total population, 33.3% and 0% in the AdCC group, 39.1%
and 17.4% in the non-AdCC group, respectively (Table 2 and
Supplementary Table 2). Twenty-three patients (72%) achieved any
tumor shrinkage with treatment, with a median change in the sum of
tumor diameters from baseline of -18.9% (range, -92-+84%). Regarding
treatment regimen and reasons for choosing the regimen, 29 patients
were treated with docetaxel plus cisplatin, 11 with paclitaxel plus
carboplatin; six of 11 patients in the paclitaxel plus carboplatin group
requested the regimen preferring its outpatient-based treatment, and the
remaining five had medical complications which hamper using cisplatin,
such as cardio-pulmonary dysfunction (n=3), renal impairment (n=1) as
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well as advanced age (> 75 years old, n=1) (Supplementary Table 1). In
the docetaxel plus cisplatin group, five patients proceeded to the
docetaxel maintenance phase, and two of them terminated the
treatment due to disease progression after six docetaxel
administrations, and the other two experienced treatment termination
due to adverse events after 19 and ten docetaxel administrations each,
resulting that one in the group was under treatment with docetaxel
monotherapy as of data cut-off(Supplementary Figure 1). Median follow-
up time was 19.2 months (range, 0.8-102.3 months) for docetaxel plus
cisplatin group and 10.3 months (range, 2.1-38.6 months) for the
paclitaxel plus carboplatin group. Although the limited subject number
and uneven background between the two groups might have impacted
the results, analysis to estimate prognosis by type of treatment regimen
was attempted. For PFS, docetaxel plus cisplatin showed a statistically
significant prolongation of outcome compared with paclitaxel plus
carboplatin (mPFS: 7.2 months vs. 2.8 months, log-rank p-value; 0.01,
hazard ratio [HR]; 0.39 (95% confidence interval [CI], 0.19-0.83)
(Supplementary Figure 2). Further, a trend toward favorability was
also seen in the docetaxel plus cisplatin group (mOS: 36.6 months vs.
12.9 months, log-rank p-value; 0.25, HR; 0.54 (95%CI, 0.19-1.56).
Antitumor efficacy in the 32 patients who were evaluable by RECIST
is shown in Figure 2 and Supplementary Table 2. ORR and DCR by
docetaxel plus cisplatin and paclitaxel plus carboplatin were 46.5% vs.
20.0% and 90.9%, and 80.0%, respectively (Supplementary Table 2).
Further detailed assessment with consideration to the impact of
histological type on efficacy revealed a distinctive relationship between
the two; as one example, docetaxel plus cisplatin showed relatively
robust antitumor efficacy in AdCC compared with paclitaxel plus
carboplatin (ORR: 60% vs. 0%) (Figure 2). Moreover, in the subgroup
analysis focusing on the AdCC population in this study at least, the
docetaxel plus cisplatin group showed statistically significantly
prolonged PES compared with the paclitaxel plus carboplatin group
(mPFS: 17.7 months vs. 2.8 months, log-rank p-value; 0.0237, HR;
0.10 (95% CI, 0.01-0.89) (Supplementary Figure 3).
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TABLE 2 Antitumor efficacy in 32 patients who be evaluable by RECIST.

10.3389/fonc.2023.1185198

n = 32" (%)

BOR
Complete response 1(3)
Partial response 11 (31)
Stable disease 16 (50)
Progressive disease 4 (13)
ORR, % 37.5
DCR, % 87.5
Tumor shrinkage by the treatment
Yes 23 (72)
No 9 (28)

Mean change in the sum of tumor diameter from baseline, % [range]

Mean change in the sum of tumor diameter from baseline, % [range]

-18.9 [-92 to +84]

-18.9 [-92 to +84]

n = 32" (%)

BOR

Complete response 1(3)

Partial response 11 (31)

Stable disease 16 (50)
Progressive disease 4 (13)
ORR, % 37.5
DCR, % 87.5
Tumor shrinkage by the treatment

Yes 23 (72)

No 9 (28)

Mean change in the sum of tumor diameter from baseline, % [range]

-18.9 [-92 to +84]

"Data were analyzed in 32 evaluable patients. BOR, best overall response; ORR, objective response rate; DCR, disease control rate.

Safety

Toxicities experienced during treatment are listed in Table 3. The
most common grade 3/4 adverse event was a decrease in neutrophil
count (59% in the docetaxel plus cisplatin group and 27% in the
paclitaxel plus carboplatin group). Regarding the use of Granulocyte
colony-stimulating factors(G-CSF), primary G-CSF prophylaxis (G-
CSF administration in the first cycle of chemotherapy before the onset
of neutropenia) was not performed in both groups. While ten (37.9%)
patients in the docetaxel plus cisplatin group were administered the
agent after the occurrence of neutropenia. Furthermore, the age of
these patients who recured G-CSF administration tended to higher
than those who did not (average age: 64 vs. 55, p=0.08). On the other
hand, no patients in the paclitaxel plus carboplatin group were given
G-CSF throughout the treatment. A few patients experienced febrile
neutropenia (3% in the docetaxel plus cisplatin group and 0% in the
paclitaxel plus carboplatin group). No treatment-related death was
observed in any patient.
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Discussion

In this study, we comprehensively evaluated the efficacy and
safety of two widely used combination chemotherapies based on
taxane and platinum in patients with SGC. Furthermore, in a
subgroup analysis, we revealed for the first time that efficacy
might differ according to histological subtype; notably, the
combination of paclitaxel plus carboplatin showed unfavorable
antitumor efficacy and prognosis compared with docetaxel plus
cisplatin in patients with AdCC (ORR: 0% vs. 60.0%, mPFS: 2.8
months vs. 17.7 months, mOS: 24.2 months vs. 42.4 months).

Treatment for R/M SGC generally consists of systemic therapy, as
with other cancer types. Among therapies, recent progress in
precision medicine has led to molecular-targeted therapy for
subjects harboring the corresponding therapeutically targetable
alteration. However, this treatment is suitable for only a small
fraction of the population; moreover, systems for evaluating these
alterations have yet to be generalized and widely distributed. For
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instance, the Center for Cancer Genomics and Advanced
Therapeutics reported that only 7.8% of all Japanese cancer
patients tested for comprehensive genomic profiling underwent
drug treatment based on genomic alterations (4). Thus, R/M SGC

TABLE 3 Adverse event.

patients who do not have these targets or the opportunity to receive a
companion diagnosis are still treated with conventional cytotoxic
chemotherapy. Nevertheless, no standard regimen for these patients
has yet been established, as confirmed by the NCCN guidelines,

Any grade Grade 3/4
Docetaxel plus
cisplatin Paclitaxel plus carboplatin = Docetaxel plus cisplatin = Paclitaxel plus carboplatin
n =29 (%) n=11 (%) n= 29 (%) n=11 (%)

Haematological

Neutropenia 17 (59) 5 (45) 17 (59) 3(27)

Febrile neutropenia 1(3) 0 (0) 1(3) 0 (0)

Platelet count decreased 1(3) 0 (0) 1(3) 0 (0)
Non-haematological

Malaise 9 (31) 3(27) 1(3) 0 (0)

Nausea 10 (34) 5 (45) 0 (0) 0 (0)

Alopecia 4(14) 3(27) 0 (0) 0 (0)

Creatinine increased 4(14) 0 (0) 0 (0) 0 (0)

Diarrhea 4(14) 2 (18) 0 (0) 0 (0)

Constipation 3 (10) 2 (18) 0 (0) 0 (0)

Dysgeusia 3 (10) 2 (18) 0 (0) 0 (0)
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TABLE 3 Continued

10.3389/fonc.2023.1185198

Any grade Grade 3/4
Docetaxel plus
cisplatin Paclitaxel plus carboplatin = Docetaxel plus cisplatin  Paclitaxel plus carboplatin
n =29 (%) n=11 (%) n= 29 (%) n=11 (%)
AST increased 3 (10) 0 (0) 0(0) 0(0)
ALT increased 3 (10) 0 (0) 1(3) 0 (0)
Edema 3 (10) 0(0) 0(0) 0 (0)
Hyperglycemia 3 (10) 0(0) 2(7) 0 (0)
Peripheral sensory neuropathy 2(7) 5 (45) 0 (0) 0 (0)
Hypomagnesemia 2(7) 0(0) 0 (0) 0 (0)
PPE 1(3) 2(18) 0 (0) 0 (0)
Hypokalemia 1(3) 0 (0) 0 (0) 0 (0)
Infusion related reaction 0 (0) 1(9) 0(0) 0 (0)

All events were graded according to common toxicity criteria for adverse events version 4.0. AST, aspartate aminotransferase; ALT, alanine aminotransferase; PPE, palmar-plantar

erythrodysesthesia.

which also state that no preferred regimen exists. Indirect
comparisons suggest that combination therapy, represented by
taxane and platinum, is more effective in terms of response rate
and progression-free survival than monotherapy (5-7, 14-17)
(Table 4). Our present results appear to mirror these recent
findings, with efficacy of combination therapy in various
histological types showing ORRs ranging from 39%-54.5%, PES of
6.5-8.4 months, and mOS of 18.8-26.5 months (14, 15, 17). The
adverse events of each regimen were tolerable. The most frequent
grade 3/4 adverse event was neutropenia (59% with docetaxel plus
cisplatin and 27% with paclitaxel plus carboplatin); however, febrile
neutropenia occurred in only one case in the docetaxel plus cisplatin
group. In contrast, grade 3/4 neutropenia was more common in
previous reports, for example at 95% with docetaxel plus cisplatin and
53% with paclitaxel plus carboplatin (14, 17). The reason for these
contrasting findings may be the dose difference, as shown in Table 4;
generally, the dose per unit time in our regimen was relatively lower
than in the other studies. Indeed, the optimal dose of combination
chemotherapy with taxane and platinum for SGC patients remains
unknown. Nevertheless, our regimens appear to represent a well-
balanced therapeutic option in terms of both efficacy and safety.
AdCC is characteristically slow-growing but has a high
recurrence rate and is considered to draw a line from other SGC
subtypes, at least regarding its treatment strategy; however, evidence
on systemic therapy for the disease is not well established. The
American Society of Clinical Oncology guidelines and NCCN
guidelines recommend lenvatinib, a multi-targeted tyrosine kinase
inhibitor, for AdCC (category 2B treatment in the NCCN
guidelines), based on the results of phase II trials in a relatively
small number of patients (8-10). Antitumor efficacy is modest,
however, with an ORR of 10.5-15.6%, and worldwide adoption as
the standard of care has not been achieved. Moreover, the disease
rarely harbors therapeutically targetable alterations (11). Against
this background, exploration of treatment options has continued,
including the reevaluation of conventional cytotoxic chemotherapy.

Frontiers in Oncology

Notably, although taxane and platinum as monotherapy has been
recognized to provide limited anti-tumor efficacy, as shown in
Table 4 (5, 7), the recent phase II trial mentioned above reported
that docetaxel plus cisplatin provided an ORR of 54.5% in 11 SGC
patients, and that 50% (2/4) of AdCC patients achieved a partial
response (12, 17), as similarly seen in our present study (60%, 3/5).
In contrast, we found for the first time that paclitaxel plus
carboplatin might lead to unfavorable treatment outcome in this
population (ORR: 0%, mPFS: 2.8 months). These results, although
not conclusive due to the limited patient number and inability to
determine the difference in efficacy, may suggest that for AdCC
patients who require systemic therapy and are able to tolerate
docetaxel plus cisplatin, this regimen is the preferred option,
particularly given the encouraging efficacy over that in previous
reports of AACC (ORRs: 15.6-43%) (9, 13, 18, 19).

This study has several limitations. First, the subgroup analysis
on the potential impact of the type of regimen (i.e., docetaxel plus
cisplatin vs. paclitaxel plus carboplatin) on efficacy was hampered
by the heterogeneous patient characteristics, including the
unbalanced number of enrolled patients between the two, and
the lack of clarity in regimen selection due to selection bias from
the retrospective study design. A further randomized trial would
therefore provide a more conclusive answer for this clinically
significant issue. Second, unfortunately, the standardized
treatment schedule and dose of the taxane and platinum have yet
to be established worldwide, and we also could not reach a
conclusive perspective on it, especially in the combination of
paclitaxel plus carboplatin, and verification of the meaning of
switching to the maintenance of docetaxel in the docetaxel plus
cisplatin, through the current work. Third, despite the significance
of examining therapeutically targetable alterations in the SGC
population, 62% of our present patients were not examined, as
the cohort includes the subjects treated before comprehensive
genome profiling was covered by insurance in 2019. The
remaining patients (38%) had no targetable alterations, at the
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TABLE 4 The summary of literature reports on taxane and/or platinum regimen for salivary gland carcinoma.

Year Phase Regimen’® mPFS(mo) = mOS (mo) ORR (%)
ANOS  CEPA MEC  Others
Licitra 1991 Cisplatin (100mg/m?, 16 15 0 20 50
11 25 7 14 NA NA NA
et al. d1) (4/25) (2/13) (0/5) (1/5) (1/2)
Airoldi 2000 Paclitaxel (175mg/mz,
et al. d1) 14 20 0 0% 0
11 14 NA 12.5 NA NA NA
Carboplatin (AUCS5.5, (2/14) (2/10) (0/1) (0/2) (0/1)
d1)
Gilbert 2006 Paclitaxel (200mg/m2, 18 0 29 21
4 4 12. A A NA
et al. 1 dr) > > (8/45) (0/14) N (5/17) N (3/14) N
Nakano 2016 retro Paclitaxel (200mg/m> 38 6.5 26.5 39 11 39 64 (7/11)
etal. d1) (15/38) (1/9) (7118)
Carboplz:;ilr)l (AUCe, 4 4 NA 1 2
Okada 2019 Docetaxel (70mg/m”,
et al. d1) 42 0 50 50 0 33
t: 24 8.4 26.4 NA NA
O Carboplatin (AUCS. (10/24) (/1) (6/12) @/4) /) @/6)
dr)
Fukuda 2021 Paclitaxel (200mg/ m?,
et al. d1) 11.5 11.5
retro Carboplatin (AUCS, 26 8.1 22.3 (3/26) (3/26) NA NA NA NA NA NA
dr)
Imamura 2021 Docetaxel (75mg/m2,
et al. d1) 50 67 67 0
11 11 6.6 18.8 54.5 NA NA NA
Cisplatin (75mg/m?, (214) (2/3) (2/3) (0/1)
d1)
Current study. 2023 Docetaxel (60mg/m?,
d1) 2 72 366 46.5 60 57.1 0 100 50 0 0
Cisplatin (70mg/m?, : ’ (10/22) (3/5) (4/7) (0/3) @Ry | 1R (0/1) (0/2)
dr)
retro
Paclitaxel (100mg/ m?,
d1,8) 20 0 100 0 25
1 2. 12. NA NA NA
Carboplatin (AUC2.5, 0 8 ? (2/10) (0/4) (1/1) (0/1) (1/4)
d1,8)

TAll regimens given over three weeks. ORR, objective response rate; mPFS, median progression-free survival; mOS, median overall survival; AdCC, adenoid cystic carcinoma; SDC, salivary duct carcinoma; ANOS, adenocarcinoma, not otherwise specified; CEPA, carcinoma
ex pleomorphic adenoma, PDC, poorly differentiated carcinoma; MEC, mucoepidermoid carcinoma; NA, not applicable.
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time at least; however, we should note that this fact might cause a
biased result that does not match the current clinical situation and
that further study may reveal the true efficacy of these combinations
in subjects who do not have such targets, as well as identify
predictive markers in patients who would substantially benefit
from these regimens.

Conclusion

The combination of taxane and platinum is a chemotherapeutic
option for patients with salivary gland carcinoma. In contrast,
paclitaxel plus carboplatin may be less effective in certain
situations, such as in patients with AdCC.
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Targeted treatment in a case
series of AR+, HRAS/PIK3CA
co-mutated salivary

duct carcinoma
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Philippe Schafhausen®, Eric Blanc®®, Erika Zuljan*°,
Benjamin von der Emde?, Dieter Beule*®, Ulrich Keller™*”,
Ulrich Keilholz** and Konrad Klinghammer'*
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Bioinformatics (CUBI), Berlin Institute of Health at Charité — Universitatsmedizin Berlin,

Berlin, Germany, “Max-Delbruck-Center for Molecular Medicine, Berlin, Germany

Background and purpose: A subgroup of salivary duct carcinoma (SDC) harbor
overexpression of the androgen receptor (AR), and co-occurring mutations in
the HRAS- and PIK3CA-genes. The impact of genomic complexity on targeted
treatment strategies in advanced cancer is unknown.

Materials and methods: We analyzed molecular and clinical data from an
institutional molecular tumor board (MTB) to identify AR+, HRAS/PIK3CA co-
mutated SDC. Follow-up was performed within the MTB registrational study or
retrospective chart review after approval by the local ethics committee.
Response was assessed by the investigator. A systematic literature search was
performed in MEDLINE to identify additional clinically annotated cases.

Results: 4 patients with AR+ HRAS/PIK3CA co-mutated SDC and clinical follow-
up data were identified from the MTB. An additional 9 patients with clinical
follow-up were identified from the literature. In addition to AR overexpression
and HRAS and PIK3CA-alterations, PD-L1 expression and Tumor Mutational
Burden > 10 Mutations per Megabase were identified as additional potentially
targetable alterations. Among evaluable patients, androgen deprivation therapy
(ADT) was initiated in 7 patients (1 Partial Response (PR), 2 Stable Disease (SD), 3
Progressive Disease (PD), 2 not evaluable), tipifarnib was initiated in 6 patients (1
PR, 4 SD, 1 PD). One patient each was treated with immune checkpoint inhibition
(Mixed Response) and combination therapies of tipifarnio and ADT (SD) and
alpelisib and ADT (PR).
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Conclusion: Available data further support comprehensive molecular profiling of
SDC. Combination therapies, PI3K-inhibitors and immune therapy warrant
further investigation, ideally in clinical trials. Future research should consider
this rare subgroup of SDC.

KEYWORDS

salivary gland cancer, salivary duct carcinoma, targeted therapy, precision oncology,
molecular tumor board, head and neck cancer

1 Introduction

Salivary gland cancers (SGC) are a rare group of tumors with an
incidence of about 1.3 cases/100,000 individuals in the United States
(1). More than 20 distinct malignant subtypes have been described,
many of which are defined by recurrent genetic alterations (2).

Salivary duct carcinoma (SDC) is an aggressive high-grade SGC
subtype with a dismal prognosis. SDC most commonly arises in the
parotid gland and accounts for about 1.8% of major salivary gland
tumors in the SEER database (3-5). SDC can arise de-novo or ex
pleomorphic adenoma (ex-PA) (4). Due to the aggressive nature of
this disease, metastatic spread and a need for systemic therapy is
frequent (6).

In addition to chemotherapy, targeted treatment strategies are
increasingly used in SDC. SDC harbors recurrent molecular
alterations such as HER2 and androgen receptor (AR) amplification
and overexpression. Furthermore, FGFRI amplification, PIK3CA,
HRAS and TP53 mutations and PTEN and CDKN2A loss have
been described (2, 4, 7, 8). Some of these alterations have been
applied as predictive biomarkers for targeted therapy. Previous
prospective studies have shown activity of HER2, AR and HRAS-
directed therapy in SDC (9-11). Additionally, a prospective basket
study showed a benefit of targeted therapy (targeting HER2
amplification, HER2, BRAF and PTCHI mutation and high tumor

mutational burden) in a large group of SGC, including SDC (12). No
prospective trials supporting the efficacy of PI3K-inhibitors in
PIK3CA-mutant SDC currently exist. A summary of ongoing and
published clinical trials relevant for metastatic salivary duct
carcinoma is provided in Table 1.

These results have led to a recommendation of comprehensive
molecular analyses (e.g. next-generation panel or whole-exome
sequencing) in patients with advanced SDC. These analyses
should be done to assess opportunities for targeted therapy,
including HER2- or AR-directed treatment (15, 16). Available
data correspond to ESMO Scale of Clinical Actionability (ESCAT)
scores of II-B (i.e. investigational therapy, alteration-drug match is
associated with antitumor activity but magnitude of benefit is
unknown) for AR (>70% positivity by immunohistochemistry,
IHC) and HER2 (IHC score 3+ or fluorescence in situ
hybridization positivity) in SGC. A participation in clinical trials
is strongly recommended (15-17). The use of immune checkpoint
inhibition remains investigational (15, 16). However, the FDA-
approval of pembrolizumab in tumors with high tumor mutational
burden also includes SGC (18).

In SDC, several targetable molecular alterations occur in
recurrent patterns. The resulting subgroups of SDC are mainly
defined by HER2- and AR-expression. In a retrospective analysis of
63 SDC samples, 34 samples were AR+/HER2- and harbored

TABLE 1 Published and ongoing clinical trials relevant for salivary duct carcinoma, as identified from a structured search (MEDLINE clinical trials,
search term “salivary gland cancer” on 17*" May 2023, clinicaltrials.gov, search term “salivary gland AND metastatic” on 17*" May 2023).

Studyname (ldentifier) Recruitment status Intervention Phase Reference
EORTC 1206 Androgen Deprivation Therapy in Advanced Salivary completed bicalutamide + triptorelin | II, randomized NCT01969578
Gland Cancer

Testing the Anti-Cancer Drug Darolutamide in Patients With recruiting darolutamide II, nonrandomized = NCT05669664
Testosterone-driven Salivary Gland Cancers

Abiraterone Acetate in Patients With Castration-Resistant, Androgen completed abiraterone 11, nonrandomized (13)
Receptor-Expressing Salivary Gland Cancer: A Phase IT Trial

Phase II Study of Enzalutamide for Patients With Androgen Receptor- | completed enzalutamide 1, nonrandomized | (14)

Positive Salivary Gland Cancers (Alliance A091404)

Tipifarnib in recurrent, metastatic HRAS-mutant salivary gland cancer | completed tipifarnib 1, nonrandomized | (9)

A prospective phase II study of combined androgen blockade in completed leuprorelin + bicalutamid 1, nonrandomized | (10)

patients with androgen receptor-positive metastatic or locally

advanced unresectable salivary gland carcinoma
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frequent PIK3CA (50%) and HRAS (41%) mutations (19). In this
study, HRAS-mutations were exclusively found in the HER2-/AR+
group and in 93% of cases they co-occurred with a PIK3CA-
mutation (19). Additionally, no HRAS mutations were identified
in SDC ex pleomorphic adenoma (19). The co-occurrence of three
potentially predictive biomarkers complicates selection for targeted
treatment decisions in these rare patients. We here present a case
series of patients presenting to an institutional molecular tumor
board or identified through a systematic search of the literature to
assess outcome of AR+, HRAS/PIK3CA SDC patients with
targeted treatment.

2 Materials and methods

2.1 Patients

Patients with salivary gland cancer presenting to the molecular
tumor board (MTB) of the Charité Comprehensive Cancer Center
between 2016 and 2022 were analyzed in a retrospective analysis of
the MTB database (20). Original histopathological reports for
patients classified as adenocarcinoma NOS, carcinoma NOS,
invasive ductal carcinoma or carcinoma ex pleomorphic adenoma
were considered. Patients with a final histopathological diagnosis of
salivary duct carcinoma and molecular results with AR positivity (any
immunohistochemistry, IHC staining) and activating HRAS and
PIK3CA-mutations were included in the analysis (Supplementary
Figure 1). Next-generation sequencing (NGS) was performed on
formalin-fixed, paraffine-embedded tumor tissue for all identified
patients, using the SureSelect Custom Library Panel (MH IVD Panel
600+, Agilent Technologies, USA). Library preparation was done
using the SureSelectXT Low Input Target Enrichment System
(Agilent Technologies, USA). Sequencing was performed on the
NextSeq550 system using the NextSeq 500/550 Mid Output Kit
v2.5, 300 Cycles (Illumina, USA). Follow-up, including response
assessment, progression-free survival (PFS) and overall survival
(OS), was performed prospectively within the MTB registrational
study or as retrospective chart review. Median follow-up was
calculated from the time of diagnosis. No minimum follow-up was
required. The analysis was approved by the local ethics committee
(Berlin, EA1/305/21).

2.2 Literature search

Systematic literature search (performed by DTR, last updated
on 7™ November 2022) was performed on MEDLINE using the
following terms: “PIK3CA AND HRAS AND SALIVARY” OR “AR
AND SALIVARY DUCT CARCINOMA”. Studies and case reports
providing individual clinical follow-up data for patients with AR+,
HRAS/PIK3CA co-mutated cases were included in the analysis.

2.3 Analysis

Clinical patient characteristics, line and type of treatment, best

response, time on treatment, progression-free survival and overall
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survival were collected, as provided. Best response was assessed by
the investigator after a review of CT or MRI radiology reports
(complete response, CR; partial response PR; stable disease SDj
mixed response, MR; progressive disease, PD). Clinical benefit was
defined as CR/PR or SD lasting for at least 6 months. Outcomes
with similar treatment strategies (e.g. chemotherapy, androgen
deprivation therapy, HER2-directed therapy, HRAS-directed
therapy, combination therapy or immune checkpoint inhibition)
were summarized. No formal statistical analysis was performed
because of insufficient sample size. Cases were consecutively
numbered starting with cases retrieved from the internal MTB
database and followed by cases identified from the literature.

3 Results
3.1 Patient cohort

Seventeen patients with salivary gland histologies, consistent with
SDC, were discussed in the institutional molecular tumor board
between 2016 and 2022. After review of final histopathological
diagnoses, 4 patients had salivary duct carcinoma with AR
expression and HRAS/PIK3CA mutation and were included in the
analysis. These patients (3 male, 1 female) were between 48-79 years
old at the time of presentation at the MTB. Activating HRAS
mutations were identified in the p.Q61 (3 patients) and p.G13 (1
patient) positions. Activating PIK3CA mutations were identified in
the p.H1047 (3 patients) and p.E545 (1 patients) positions. Additional
molecular findings were low to medium HER2-expression in 3
patients, PD-L1 expression in 2 patients, a tumor mutational
burden (TMB) > 10 mutations/Megabase (mut/Mb) and an AR
mutation in 1 patient, each. Median follow-up was 14.5 months.
Clinical and molecular findings were summarized in Table 2.

The medline searches revealed 37 and 89 results, respectively.
Of these, 4 studies with individual follow-up data for patients with
AR+, PIK3CA/HRAS co-mutated SDC were included after manual
review of the identified publications. The publications yielded a
total of 9 cases (7 male, 2 female). Age was reported for 5 patients
(range 38-65 years). Concurrent molecular alterations were HER2
amplification and overexpression in 1 and TP53 mutations in 2
patients, respectively. Clinical and molecular findings in these
patients were summarized in Table 3. A consort diagram of
patient identification is provided in Supplementary Figure 1.

Overall, 13 patients (10 male, 3 female; median age in 9
evaluable patients 61 years, range 38-79 years) with AR+,
PIK3CA/HRAS co-mutated SDC were identified.

3.2 Treatment

Combined analysis of 13 evaluable patients yielded information
on various targeted systemic treatment strategies. Androgen
deprivation therapy (ADT) was reported in 7 patients, HRAS-
directed treatment in 6 patients, immune checkpoint inhibition in
1 patient and combinations of tipifarnib and ADT and alpelisib and
ADT in 1 patient, each. Treatment data, including line of treatment,
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best response and progression-free survival (PFS) are provided, as
available, in Table 4 and Figure 1.

3.3 Androgen deprivation therapy

Seven patients were treated with androgen deprivation therapy
alone (ADT). Among 6 patients with available data on the specific
type of ADT, 3 received bicalutamide and a GnRH-analogue and 3
received bicalutamide alone. Best response was evaluable in 5
patients (1 PR, 1 SD, 3 PD). 6 patients had evaluable PFS
(median PFS = 2 months) and 2 of them had PFS > 6 months.

3.4 HRAS-directed therapy

The farnesyltransferase inhibitor tipifarnib as a single agent was
administered in 6 patients. Among 5 patients with available data, 1
PR, 2 SD and 2 PD were achieved as best responses. PFS data were
available for 6 patients and PFS was more than 6 months in
3 patients.

3.5 Combination therapy

One patient received ADT (bicalutamid/GnRH-Analogue) in
combination with tipifarnib after prior progression to tipifarnib
after 3 months. This patient achieved stable disease for more than 6
months, which was ongoing at the time of data collection. Another
patient achieved a partial response with the PI3K-inhibitor alpelisib
in combination with ADT (bicalutamide) for more than 12 months
(ongoing at time of publication).

3.6 Other treatment

Chemotherapy use with carboplatin/paclitaxel alone was
reported in 4 patients. Among 3 patients with available data, 1
PR, 1 MR and 1 PD were reported. The use of alpelisib as
monotherapy was only reported for one patient without
information on treatment response. Immune checkpoint
inhibition was also reported for one patient with a mixed
response for 7 months. Following progression on the single-agent
PD-1 inhibitor, this patient was treated with a combination of a PD-
1 and a CTLA-4 inhibitor, which was followed by disease
progression. One patient with concurrent HER2 amplification
received trastuzumab in combination with chemotherapy and
achieved a partial response.

3.7 Toxicity

No major (common terminology criteria of adverse events,
CTCAE grade 4 or higher) or unexpected toxicities were observed
in the 4 patients identified from the MTB database and no dose
reductions were required. In published data, a dose reduction
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TABLE 3 Clinical and molecular data for patients identified from literature review.Two PIK3CA mutations were identified in patient 12.

HER2 HRAS PIK3CA Other Sequencing
Reference Age Gender AR (IHC) (IHC) mutation = mutation Alterations technique
HER?2 amplification, = NGS
TP53 p.R196%,
5 1) 64 m positive 34 p.Q6IR p.E545K ACVR2A p.D177E
6 9) 61 m positive p-Q61R mutation TP53 mutation NGS
7 9) 65 m n/a p-Q61R mutation NGS
8 9) 38 m positive 2+ mutation mutation NGS
9 (22) 61 m positive p-Q61K p.E545K unknown
negative, NGS
mRNA
pathway
10 (23) n/a f score 43.7 positive p-Q61K p-H1047R
11 (23) n/a f positive p-Q61R p.E545K NGS
p.E545K, NGS
12 (23) n/a m positive p-Q61K p.H1047R
13 (23) n/a m positive p-Q61R p-H1047R NGS

AR IHC results are provided as described in the respective publications. No AR THC was provided for patients #7. Results from a qPCR-based AR mRNA pathway activity test (normalized score,

0 lowest, 100 highest) was provided in patient #10.

ID, identification number; IHC, immunohistochemistry; n/a, not available; NGS, next generation sequencing.

because of toxicity was required in six patients (46%) receiving
tipifarnib (4 because of cytopenia, 2 because of reversible renal
failures), hypoglycemia requiring dose reduction was reported for
alpelisib (9, 21). Toxicity data were not reported in the literature for
patients receiving antiandrogen therapy in this cohort (22, 23).
Available data from combined ADT in SGC reported no CTCAE
grade 4/5 events and discontinuation of part of the combined ADT
due to adverse events in 2 out of 36 patients (10).

4 Discussion

This is, to the best of our knowledge, the largest clinical case
series of AR+, PIK3CA/HRAS co-mutated salivary duct carcinoma.
The co-occurrence of these alterations has been described in
previous analyses of this disease but was not associated with
prognosis (19). The co-occurrence of these alterations poses a
challenge for personalized therapy strategies. It is currently
unclear, if response to targeted therapy is different in this
subgroup. Despite the low number of patients, the heterogeneity
of administered treatments in the cohort and the lack of data on
mechanisms of secondary resistances, these results still hold
important information because of the rarity of this disease. It
should be noted that at least 2/13 patients in the cohort did not
receive upfront palliative systemic therapy with ADT or
chemotherapy (15, 16). This is likely caused by the lack of
guidelines at the time of treatment initiation and a lack of data
for the specific situation in AR+, HRAS/PIK3CA co-mutated
tumors. Yet, despite available data and guidelines, current
treatment strategies are not satisfactory and there is a lack of
prospective clinical trials. The administration of experimental
therapies, including immune checkpoint inhibition, will therefore
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likely remain a reality in these tumors, thus making sharing of real-
world data essential.

HER2 overexpression or amplification is a well-defined
therapeutic target in SDC (11). HER2 positivity has been found to
be mutually exclusive with the AR+, HRAS/PIK3CA co-mutated
subgroup (19). In this cohort, concurrent HER2 expression or
amplification was reported in 6 patients with mostly low to
moderate staining intensity. One patient was reported to harbor a
concurrent HER2 amplification and received trastuzumab in
combination with chemotherapy, achieving a partial response.
These results suggest, that HER2-positivity is not entirely
mutually exclusive with the here described subgroup and HER2-
directed treatment might be an additional option in some of the
patients. In addition to HER2-directed antibodies, efficacy of HER2-
directed antibody drug conjugates was shown in salivary gland
cancer (24).

In the group of patients treated with ADT, a clinical benefit was
observed in about a third of the evaluable patients, which is less than
the clinical benefit rate of about 75% in previously reported results
(10). However, clinical benefit was found in some patients, thus
providing evidence of activity and the low number of patients does
not allow further conclusions. Furthermore, previous work did not
show an impact of oncogenic drivers, including HRAS and PIK3CA
mutations, on the efficacy of ADT but studies on larger cohorts are
warranted (10). Therefore, these data do not provide evidence
against the use of ADT in the AR+, HRAS/PIK3CA co-mutated
subgroup. Importantly, no data currently exist for the use of
abiraterone in castration-resistant AR+, HRAS/PIK3CA co-
mutated SDC. Abiraterone is active as a second line ADT in AR+
salivary gland cancer and might represent an additional treatment
strategy for the here reported subgroup (13). Additional data on
limited activity with enzalutamide were reported previously (14). In
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TABLE 4 Treatment and outcome data for the entire case series.

Best Best Best Treatment #4 Best PFS
Response = PFS Response Response  PFS Response #4
Treatment #1 #1 #1 Treatment #2 #2 Treatment #3 #3 #3 #4
1 Tipifarnib PR 5m+ | 18
Nivolumab/ Carboplatin/Paclitaxel (oft- (compassionate use
Pembrolizumab (off-label) MR 7 m Ipilimumab (off-label) PD 3m label) MR 3m program) +
2 Tipifarnib Tipifarnib/ADT 11
(compassionate use (compassionate use program/ 6 m
Carboplatin/Paclitaxel (off-label) PD 2m program) PD 3m off-label) SD + +
3 ADT (Bicalutamid/ 19
Trenantone) (off- Tipifarnib (compassionate 10 m m
Carboplatin/Paclitaxel (oft-label) n/a 6m label) PD 3m use program) SD + +
4 3m 3m

Carboplatin/Paclitaxel (oft-label) PR

5 21
Carboplatin/Paclitaxel/ Alpelisib /ADT 12m m
Trastuzumab PR 6 m (Bicalutamid) PR + +

6 Carboplatin n/a n/a ADT n/a n/a Tipifarnib PD 1m n/a

7 Cisplatin n/a n/a Tipifarnib SD 7 m n/a

8 6 m
Alpelisib n/a n/a Tipifarnib n/a + n/a

9 7 m
ADT (Bicalutamid/Leuprolide) n/a + n/a

10 ADT (LHRH + bicalutamide) 10
Treatment Sequence Unknown PD 0m m

11 ADT (Bicalutamid) 13
Treatment Sequence Unknown PD 1m m

12 ADT (Bicalutamid)

Treatment Sequence Unknown SD 1m 5m
13 ADT (Bicalutamid) 44
Treatment Sequence Unknown PR 14 m m

Best response and progression-free survival (PFS) data are indicated for each provided treatment line. + indicates ongoing therapy/survival. Isolated data for androgen deprivation therapy (ADT) but no complete treatment sequences were available for patients 10-13. No
high-grade or unexpected toxicities were observed and no dose interruptions were necessary in patients 1-4. ADT, androgen deprivation therapy; ID, identification number; PD, progressive disease; PFS, progression-free survival; SD, stable disease; m, months; MR, mixed
response, OS, overall survival; n/a, not available..
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treatment sequences are depicted for the entire case series. No complete treatment sequences were available for patients 10-13. Duration of prior
treatment was not provided for patients 6-8 (prior treatment indicated by colored bars). Color indicates the type of treatment; striped colors indicate
combination therapy. Best responses are indicated. Arrows indicate ongoing therapy.

this phase 2 trial, tumor regressions were also noted among patients
with prior ADT (14).

In patients receiving HRAS-directed therapy, 1 objective
response and clinically meaningful disease stabilizations in about
half of the patients was reported. These results are similar to
previously reported results in SGC (9). In the same trial, co-
occuring PIK3CA-alterations or the type of HRAS mutation
(more common Q61 or less common G13) did also not seem to
impact treatment efficacy (9). Again, these data further support the
investigation of tipifarnib in the here reported disease subgroup.

Two patients received combination therapy after prior
progression of disease. One patient achieved disease stabilization
with tipifarnib and ADT after prior progression with tipifarnib
monotherapy. In this patient, tipifarnib treatment was continued
because of low toxicity and improvement in local symptoms.
However, disease stabilization might be mediated by ADT alone.
Another patient achieved a partial response with the PI3K-inhibitor
alpelisib and ADT. The impact of the individual drugs in this
combination therapy can also not be assessed. Further investigation
of combination therapies is warranted.

A single agent PI3K-inhibitor was only used in 1 patient and no
response data were available. The published results from the NCI-
MATCH subprotocol Z1F of Copanlisib in PIK3CA-mutated cancer
did show activity of the drug in several cancer types, but no SDC
were enrolled (25). Additional research is needed to establish the
activity of single-agent PI3K-inhibitors in SDC.

The activity of immune checkpoint inhibition also remains to be
determined. One patient in the reported cohort achieved a mixed
response with single-agent PD-1 blockade for 7 months, followed by
disease progression. The same patient then experienced disease
progression with combined PD-1 and CTLA-4 inhibition. Immune
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checkpoint inhibition was administered in this patient because of high
PD-L1 expression and the co-occurrence of driver alterations,
potentially complicating single-agent targeted treatment. These
results suggest, that immune checkpoint inhibitors might be an
additional treatment option in some patients. An analysis of 109
patients with advanced SGC in the Keynote-158 study showed an
overall response rate of 4.6% in the overall population and 10.7%
(n=3/28) in the PD-L1 positive population (26). Only 3 patients in
this trial were found to be TMB-high, among which 1 had an objective
reponse (26). PD-L1 expression or a high TMB > 10 mut/Mb was
reported in 2 patients in the here reported cohort, accordingly.

For untargeted therapies, best data currently exist for
carboplatin/paclitaxel use, which is also supported by previous
analyses and yields clinically meaningful benefit (27).

In summary, the here provided data show multiple targeted
treatment strategies for patients with AR+, HRAS/PIK3CA co-
mutated SDC. Best available evidence, expected toxicities and
patient factors need to be considered for a choice of treatment in
this rare subgroup. These results support comprehensive molecular
profiling of SDC. Additional molecular analyses might help with
further establishing active signaling pathways for treatment
stratification. Further research is required to establish optimal
treatment combinations and sequences, which is a challenge in
this rare disease.
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Amide proton transfer-weighted
magnetic resonance imaging for
the differentiation of parotid
gland tumors

Yihua Wang?, Lijun Wang™, Haitao Huang?, Juntao Ma?,
Liangjie Lin®, Lin Liu? Qingwei Song* and Ailian Liu®

‘Department of Radiology, First Affiliated Hospital of Dalian Medical University, Dalian, China,
2Department of Stomatology, First Affiliated Hospital of Dalian Medical University, Dalian, China,
3Clinical and Technical Support, Philips Healthcare, Beijing, China

Purpose: To assess the usefulness of amide proton transfer-weighted (APTw)
imaging in the differentiation of parotid gland tumors.

Materials and methods: Patients with parotid gland tumors who underwent
APTw imaging were retrospectively enrolled and divided into groups according
to pathology. Two radiologists evaluated the APTw image quality independently,
and APTw images with quality score >3 were enrolled. The maximum and
average values of APTw imaging for tumor lesions (APTmax and APTmean)
were measured. The differences in APTmax and APTmean were compared
between malignant tumors (MTs) and benign tumors (BTs), as well as between
MTs and pleomorphic adenomas (PAs) and between MTs and Warthin tumors
(WTs). Independent-samples t-test, Kruskal—-Wallis H test, and receiver operating
characteristic (ROC) curve analyses were used for statistical analysis.

Results: Seventy-three patients were included for image quality evaluation. In
this study, 32/73 and 29/73 parotid tumors were scored as 4 and 3, respectively.
After excluding lesions with quality score <2 (12/73), the APTmean and APTmax
of MTs were 4.15% + 1.33% and 7.43% + 1.61%, higher than those of BTs 2.74% +
1.04% and 5.25% + 1.54%, respectively (p < 0.05). The areas under the ROC curve
(AUCs) of the APTmean and APTmax for differentiation between MTs and BTs
were 0.819 and 0.821, respectively. MTs indicated significantly higher APTmean
and APTmax values than those of PAs (p < 0.05) and WTs (p < 0.05). The AUCs of
the APTmean and APTmax for differentiation between MTs and PAs were 0.830
and 0.815 and between MTs and WTs were 0.847 and 0.920, respectively.

Conclusion: Most APTw images for parotid tumors had acceptable image quality
for APTw value evaluation. Both APTmax and APTmean can be used to
differentiate MTs from BTs and to differentiate MTs from subtype parotid gland
tumors.

KEYWORDS

parotid gland tumor, magnetic resonance imaging, amide proton transfer-weighted
image, pleomorphic adenoma, Warthin tumor
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Introduction

Salivary gland tumors account for approximately 2%~5% of all
tumors in the head and neck (1, 2), with nearly 80% occurring in the
parotid glands. The parotid benign tumors (BTs) and malignant
tumors (MTs) account for approximately 80% and 20%,
respectively (3). For BTs, local parotidectomy or superficial
lobectomy is adopted to protect the facial nerve. For MTs, total
parotidectomy is required (4, 5). Preoperative biopsy is helpful for
the qualitative diagnosis of parotid gland tumors, but some
punctures have the risk of capsule rupture, which will greatly
increase the risk of tumor proliferation or implantation (6).
Therefore, noninvasive qualitative preoperative diagnosis has
become an urgent clinical need.

Magnetic resonance imaging (MRI) is one of the major methods
to diagnose tumors of the head and neck with good visualization (7,
8). However, the pathological types of parotid gland tumors are
various, and there exists substantial overlap in the appearance
of tumors, which limits the role of conventional MRI in
characterization and brings great difficulty to the preoperative
qualitative diagnosis (9). In the past, diffusion-weighted imaging
(DWI), dynamic contrast-enhanced MRI (DCE-MRI), and other
functional imaging have been used to evaluate parotid tumors, but
the diagnostic ability of one single functional MRI technology is
limited (10-12). Rather, multiparametric analysis is usually
required to improve diagnostic accuracy (13, 14). However, there
are still some challenges in the clinical applications of
multiparametric analysis because of the long acquisition time and
requirement in the injection of contrast agents in DCE-MRL

Amide proton transfer-weighted (APTw) imaging is a novel
imaging technique that uses endogenous contrast by chemical
exchange saturation transfer to indirectly detect mobile proteins
and peptides in tissues, which are thought to closely relate to tumor
metabolism (15). The clinical utility of APTw imaging has already
been demonstrated in glioma, lung cancer, prostate cancer,
endometrial carcinoma, and rectal cancer (16-19). Kamitani et al.
(20) demonstrated that for parotid tumors, the mean APTw values
measured from circle regions of interest (ROIs) in MTs were higher
than those in BTs. Bae et al. (21) reported about parotid gland that
APTw imaging was superior to conventional MRI contrasts and to
advanced functional imaging methods such as DCE-MRI and DWI.
However, one limitation of APTw is its vulnerability to
hyperintensity artifacts in the parotid gland, resulting in false
positives in the evaluation of lesions probably (22, 23). Therefore,
in this study, we investigated APTw imaging in parotid lesions in
terms of image quality to ensure the accuracy of APTw
measurements and evaluated its ability to differentiate among
parotid gland tumors.

Abbreviations: APTw, amide proton transfer-weighted; AUC, area under the
receiver operating characteristic curve; BT, benign tumor; DWI, diffusion-
weighted imaging; DCE-MRI, dynamic contrast-enhanced MRI; ICC, intraclass
correlation coefficient; MT, malignant tumor; MRI, magnetic resonance imaging;
PA, pleomorphic adenoma; ROI, region of interest; ROC, receiver operating

characteristic; WT, Warthin tumor.
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Materials and methods

Patients

The institutional review board of our hospital approved our
retrospective study (license number: PJ-KS-XJS-2021-18). The
patients who participated in this study provided their written
informed consent. Inclusion criteria were as follows: 1) the
clinical and pathological information was complete; 2) 3.0T MRI
examination [including T1-weighted imaging (T1WI), T2-weighted
imaging (T2WI), and APTw imaging] was performed within 1 week
before treatment; 3) no treatment before MRI examination.
Exclusion criteria were as follows: 1) parotid lesions were not
clearly visible on images or motion artifacts affected the
observation; 2) the tumor diameter was less than 2 cm that it was
difficult to define the boundary of the tumor. The flowchart of
patient inclusion and exclusion is shown in Figure 1.

Based on inclusion criteria, the imaging and clinical
information data of 105 patients with parotid gland tumors
in our hospital from September 2020 to October 2022
were retrospectively analyzed. All patients underwent surgical
treatment in the Department of Stomatology of our hospital
within 1 week after MRI examination. All extracted tumor tissues
routinely underwent histopathological examination after the
operation. These tissues were embedded in paraffin, stained with
hematoxylin-eosin, and examined microscopically.

MRI

APTw imaging was performed using a 3.0T MR scanner
(Ingenia CX; Philips Healthcare, Best, Netherlands) with a 32-
channel phase-array head coil. In addition, the protocol of
conventional MRI was acquired, including the axial TIWI and
axial fat-suppressed T2WI. The APTw sequence used in this study
is based on Chen et al. (23). The detailed parameters of all MRI
sequences are shown in Table 1. The MTRuqm(s.5 ppm) Was
calculated by the following equation: MTRygym(s.5 ppm) = (S-3.5 ppm
— S35 ppm)/So> Where S35 ,om is the signal intensity acquired at the
saturation frequency of -3.5 ppm, S35 ,pm is the signal intensity
acquired at the saturation frequency of 3.5 ppm, and S, is the
reference signal intensity acquired at a saturation frequency of 1,540
ppm (the water frequency was referred to as 0 ppm).

MR image evaluation

APTw images were automatically reconstructed after data
acquisition and then transferred to the Intellispace Portal (ISP
v9.0, Philips Healthcare) workstation. The image quality
evaluation and quantitative measurements of APTw image were
implemented by two experienced radiologists in MRI diagnosis
independently (radiologist 1 and radiologist 2 had 3 and 20 years
of MRI diagnosis experience, respectively) who were blinded to
pathological results. With APTw images fused to axial T2ZWT images,
the degree of image quality was judged with a 4-scale scoring system
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the patients with parotid gland
tumors selected based on
inclusion(n=105)

exclusion: motion artifacts

l‘— affected the observation(n=27)

evaluation of tumor
diameter(n=78)

exclusion: the tumor di

less than 2 cm that is difficult
to define the boundary of

hyperintensity artifacts
evaluation(n=73)
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(=4
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(n=38)
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(n=29)

score 4
(n=32)

i

APTw values measurement

(n=61)

FIGURE 1
Flowchart depicting the patient selection.

according to a previous report (23): 4 = excellent, tumor could be
recognized on APTw images without hyperintensity artifacts; 3

good, hyperintensity artifacts impair less than 50% tumor; 2

moderate, hyperintensity artifacts impair more than 50% tumor; 1
= poor, the entire tumor is impaired by hyperintensity artifacts.

APTw images with image quality score no higher than 2 were
excluded for further analyses. The ROI was carefully drawn on a
slice of the fused image showing the maximum lesion to cover the
solid part of the tumor as much as possible and exclude the cystic
degeneration, necrosis, and hyperintensity artifacts from
surrounding tissues (Figure 2). The maximum (APTmax) and the
average (APTmean) values were recorded.

Statistical analysis

For statistical analyses of patient information and diagnostic
efficacy of APTw, we used SPSS (version 25.0; IBM Corp., Armonk,
NY, USA) and MedCalc (version 20 MedCalc Software Ltd.,
Ostend, Belgium). The interobserver reliability for all APTw

TABLE 1 Scan parameters of TIWI, T2WI, and APTw.

values measured by two radiologists was assessed via intraclass
correlation coefficient (ICC) (excellent, >0.75; good, 0.60~0.74; fair,
0.40~0.59; poor, <0.40). One-sample Kolmogorov-Smirnov test
was performed to test the normality of APTmax and APTmean
values for both BTs and MTs, as well as patient ages. When
continuous variables conformed to the normal distribution, the
parameters were expressed as mean * standard deviation, and
independent-samples t-test was used for comparisons between
BTs and MTs groups; otherwise, they were expressed as median
(first quartile, third quartile), and Mann-Whitney U test was used.
The Kruskal-Wallis H test was used to test the differences of the two
parameters among pleomorphic adenomas (PAs), Warthin tumors
(WTs), and MTs. The pairwise comparison with Bonferroni
correction was made with overall test statistically significant for
the above three groups. Receiver operating characteristic (ROC)
curve analysis was used to determine the diagnostic value of
APTmax and APTmean for the differentiation between MTs and
BTs. The threshold criterion was calculated to maximize the
Youden index. ROC curves were compared by the method of
DeLong et al. (24). p < 0.05 was considered statistically significant.

Matrix
T,WI 466 8.1 0.55%0.72x4 200%200%89 364x257x18
T,WI 2,122 112 0.7x0.7x4 300%300%89 428x428x18
APTw 3,000 7.9 2.5%2.5%2.5 230%221%62 120x140x40

APTw, amide proton transfer-weighted imaging; TIWI, T1-weighted imaging; T2WI,T2-weighted imaging; TR, repetition time; TE, echo time.
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FIGURE 2

(A-C) A 57-year-old man with adenoid cystic carcinoma of the left parotid gland. (A) T2WI; (B) APTw image; (C) APTw image (fused on T2WI)
showed an image quality score of 3 with little hyperintensity artifact less than 50% tumor, an APTmean of 5.14%, and an APTmax of 6.75%. (D—F) A
30-year-old woman with pleomorphic adenoma of the right parotid gland. (D) T2WI; (E) APTw image; (F) APTw image (fused on T2WI) showed an
image quality score of 4, an APTmean value of 1.95%, and an APTmax of 4.9%. APTmax, the maximum value of APTw imaging; APTmean, the

average value of APTw imaging; APTw, amide proton transfer-weighted

Results

Patient characteristics

Among the included 105 patients, 27 patients were excluded
because of the incomplete MR scans or severe motion artifacts on
images, and five patients were excluded due to the small tumor size
and unclear tumor boundary. Finally, we enrolled a total of 73
patients for the next image quality analysis. According to the benign
and malignant pathological results, 73 patients who were included
for image quality scale analysis were divided into two groups
(Table 2). There was no significant difference in age (p = 0.63)
between benign and malignant groups.

Score of APTw image quality

Interobserver agreement was excellent, with ICCs = 0.989 for
artifact scores of parotid lesions by the two readers. In the
evaluation of image quality, 32 out of 73 parotid tumors (43.84%)
were considered for score 4, and 29 out of 73 (39.73%) for score 3.
Moreover, 5.48% (4/73) and 10.95% (8/73) of tumors were scored 2
and 1, respectively, which showed parotid lesions highly affected by

Frontiers in Oncology

hyperintensity artifacts and were removed in the subsequent
measurement of APTw values.

APTw finding and diagnostic performance
between BTs and MTs

After excluding the cases with image quality scores <2, 61
patients were involved in the quantitative evaluation. Interobserver
agreement was excellent, with ICCs = 0.994 and 0.918, respectively,
for APTmax and APTmean measurements, and the average values by
the two observers were taken for analyses. The APTmean of MTs
(4.15% + 1.33%) was significantly higher than that of BTs (2.74% =+
1.04%) (p < 0.05), and the APTmax value of MTs was (7.43% =+
1.61%), similarly higher than that of BTs (5.25% + 1.54%) (p < 0.05)
(Table 3, Figure 3).

The threshold of APTmean was 3.98%, and its area under the
ROC curve (AUC), sensitivity, and specificity were 0.819, 86.00%,
and 72.73%, respectively, for differential diagnosis between BTs and
MTs. Moreover, ROC curve analysis indicated that an APTmax of
5.9% was the optimum threshold to distinguish between BTs and
MTs, with AUC, sensitivity, and specificity of 0.821, 53.33%, and
82.61%, respectively. There was no significant difference in
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TABLE 2 Demographics for patients confirmed by surgery.

Benign group

Malignant group (n=11)

(n=62)
Male : 4121 83
Female ’ ’
Age 25-85 46-82
(years) (mean 55.73 + 15.38) (mean 58.00 + 10.95)
Pathology 32 pleomorphic adenoma 3 mucoepidermoid carcinoma
21 Warthin tumor 2 acinic cell carcinoma

)

8 base cell adenoma adnoid cystic carcinoma

—

1 schwannoma salivary duct carcinoma

1 malignant neurofibroma

1 non Hodgkin's lymphoma

1 poorly differentiated
carcinoma

diagnostic efficacy between the above parameters (Z = 0.017, p =
0.987) (Table 4, Figure 4).

APTw finding and diagnostic performance
among PAs, WTs, and MTs

There were significant differences among these three groups
(APTmean, p = 0.03; APTmax, p = 0.02). The pairwise comparisons
showed that the APTmean and APTmax values in MTs were
significantly higher than those of PAs and WTs, while the
difference of the two parameters between PAs and WTs was not
significant (p > 0.99, Table 5).

The diagnostic performance of APTmean and APTmax for
differentiating among these three groups was shown in Tables 4 and
5. When the thresholds of the APTmean and APTmax were 3.98%
and 5.65%, respectively, the optimal diagnostic performance for
differentiating between PAs and MTs can be achieved. The AUC,
sensitivity, and specificity of the APTmean between PAs and MTs
were 0.830, 92.31%, and 72.73%. And the AUC, sensitivity, and
specificity of the APTmax between PAs and MTs were 0.815,
76.90%, and 90.90%. Meanwhile, the threshold APTmean value of
3.90% can be used for optimal differential diagnosis between WTs
and MTs with AUC, sensitivity, and specificity 0.847, 93.57%, and
72.73%. And the threshold APTmax value of 5.50% can be used for
differentiating between WTs and MTs with AUC, sensitivity, and
specificity 0.920, 93.75%, and 90.91%. There was no significant

TABLE 3 Comparison of APTw values between BT and MT.

10.3389/fonc.2023.1223598

difference in diagnostic efficacy between APTmean and APTmax
(PAs and MTs: Z = 0.141, p = 0.887; WTs and MTs: Z = 0.707, p
=0.479).

Discussion

In this study, we investigated the image quality of APTw
imaging of parotid gland tumors and evaluated the characteristics
and diagnostic performance of APTmax and APTmean. APTmean
and APTmax in MTs were higher than those in BTs with high
diagnostic efficacy. However, APTw imaging based on the current
technology may be associated with severe artifacts in parotid glands
(16.43% of cases), which can affect the evaluation of tumors.

In the parotid gland, APTw hyperintensity artifacts, diffused
from the bone, air, ear, and other surrounding tissues, can affect the
display of peripheral lesions and thus the quantitative APTw
measurements. In this study, most of the cases with score <2
were PAs and WTs, where more than half of the tumors and the
surrounding normal parotid gland parenchyma showed
significantly hyperintensity. These hyperintensity artifacts were
usually spread from the ear and mandible regions around the
parotid gland. On the other hand, the area of hemorrhage,
necrosis, and cystic degeneration can also contribute to the
increase of APTw values due to the increase of mobile water
molecule and amide protons. Chen et al. (23) demonstrated that
approximately 70.6% of parotid gland lesions had no or small
artifacts and the APTw measurements of the lesion would be
reliable after excluding cases with poor image integrity and severe
artifacts. Takeshi et al. (20) evaluated the difference in APTw values
of BT's and MTs by sketching three circular ROIs in the parenchyma
of parotid tumors. This measurement method can avoid artifacts of
necrosis and cystic degeneration but cannot determine the
maximum value of the whole tumors. Therefore, this study
evaluated the image quality (83.57% of cases with an acceptable
image quality score of 3 or 4) before the overall measurement of
lesions, excluded lesions with severe artifacts, and determined
reliable cases for analyses. The fusion of APTw with conventional
structural images can be helpful for the determination of
tumor boundary.

APTw imaging has been widely used in the assessment of tumor
metabolism, ischemic penumbra of cerebral infarction,
neurodegenerative changes, etc. (25, 26). In previous studies (27),
it was found that MTs showed generally higher APTw values due to
increased mobile proteins and polypeptides; however, abundant
new blood vessels and increased vascular permeability could also
lead to significantly increased APTw signal intensity in BTs. Most

ICCx MT(n=11) BT(n=50) p
APTmax(%) ‘ 0918 ‘ 743 £ 1.61 525+ 1.54 <0.01
APTmean(%) ‘ 0.994 ‘ 415+ 1.33 274 +1.04 <0.01

*Interobserver agreement was excellent.

APTmax, the maximum value of APTw imaging; APTmean, the average value of APTw imaging; APTw, amide proton transfer-weighted; BT, benign tumor; MT, malignant tumor.
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Box plots show the comparison of APTmean and APTmax among groups. Line in box represents the median, and the height of the box represents
the interquartile range. (A, B) Comparison between BT and MT; (C, D) comparison among PA, WT, and MT. APTmax, the maximum value of APTw
imaging; APTmean, the average value of APTw imaging; BT, benign tumor; MT, malignant tumor; PA, pleomorphic adenoma; WT, Warthin tumor.

studies (20, 28) used the mean APTw value of the lesion to evaluate
the overall lesion. Generally, the APTw mean value of MTs is higher
than that of BTs, and similar results were also observed in this
study. However, in the study of Ochiai et al. (29) on the evaluation
of endometrial carcinoma, APTmean values had no significant
difference between type I and type II endometrial carcinoma, but
APTmax was significantly higher in type II carcinomas than that in
type I, which may be due to the heterogeneity of lesion histology.
APTmax might indicate the position with the most active
metabolism and the highest cell density, which can evaluate
heterogeneity of tumors more accurately in some studies (30, 31).
The malignant lesions with more active cell proliferation, which
showed a higher APTw value, may be related to the capacity of
tumor invasion and prognosis. In the study by Law et al. (27), the

Frontiers in Oncology

AUC and sensitivity of the APTw value at the 90th percentage in
head and neck tumors were significantly higher than those of the
mean APTw value. Therefore, we speculated that the maximum
APTw value of the whole lesions may have high diagnostic efficacy
between BTs and MTs.

In this study, we excluded the cases showing artifacts that might
affect the APTw value measurements and selected the slice with the
largest section of lesion for ROI delineation to obtain the mean and
maximum APTw values. It was found that in this study, the AUC of
the APTmax value was similar to that of the APTmean for
differentiation between MTs and BTs, but the APTmax was more
specific than the APTmean. Additionally, because of
hypercellularity, some functional MRI sequences showed image
overlap between WTs and MTs (32, 33). In this study, the
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TABLE 4 The ROC curve of the values of APTw to differentiate between groups.

AUC

Cut off value EB cah Enee Tienel) Sen(%) Sp(%) PPV(%) NPV(%)

BT vs. MT

APTmax 5.9% 0.821 (0.702, 0.907) 5333 82.61 41.67 97.30

APTmean 3.98% 0.819 (0.700, 0.906) 86.00 72.73 5334 93.48
PA vs. MT

APTmax 5.65% 0.815 (0.653, 0.923) 76.90 90.90 62.50 95.24

APTmean 3.98% 0.830 (0.671, 0.933) 92.31 72.73 80.00 88.89
WT vs. MT

APTmax 5.50% 0.920 (0.750, 0.989) 93.75 90.91 90.91 93.75

APTmean 3.90% 0.847 (0.656, 0.955) 93.57 7273 88.89 83.33

AUCG, area under the receiver operating characteristic curve; APTmax, the maximum value of APTw imaging; APTmean, the average value of APTw imaging; APTw, amide proton transfer-
weighted; BT, benign tumor; MT, malignant tumor; NPV, negative predictive value; PA, pleomorphic adenoma; PPV, positive predictive value; Sen, sensitivity; Sp, specificity; WT, Warthin

tumor.

APTmean also showed false-positive results in the evaluation of
MTs, but the APTmax values in the two groups of tumors have less
overlap with higher diagnostic efficiency, which may suggest that
the APTmax can play a complementary role in the differential
diagnosis of parotid gland tumors. Although the overall APTmean
and APTmax of BTs were lower, not a few cases of PA exhibited
high APTmax signals. Some studies (20, 34, 35) believe that the
epithelial and interstitial components of PA are diverse, and
mesenchymal-like component is rich in mucoid, which can cause
the variety of APTw values and might be the interference for APTw
in parotid gland tumor evaluation. Moreover, some MTs (36) were
low-grade malignant (such as mucoepidermoid carcinomas), and
the increase of cell proliferation was not obvious, with the increase
of the APTw value inapparent, which can be difficult to be
distinguished from some BTs with more active proliferation.
Therefore, the pathological complexity of parotid gland tumors
mentioned above led to their diverse imaging manifestations, which
also affected the accuracy of the APTmean and APTmax in the
diagnosis of parotid gland tumors.

BT vs MT

100 100

80 80

60 60

Sensitivity
Sensitivity

40 40
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= APTmean
e APTmax
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There are some limitations in our study. First, we did not choose
the overall volume but the largest slice of tumor for analysis, which
may affect the evaluation of tumor heterogeneity. Second, our study
did not register imaging results with pathological findings accurately.
It is necessary to further explore the relationship between the
heterogeneity of imaging manifestations and tissue structure. Third,
some previous studies (11, 13) demonstrated a high diagnostic
performance with the combination of DCE-MRI and DWI, and
this study did not compare APTw-MRI with other functional
imaging sequences and investigate whether APTw can further
improve the diagnostic performance of other functional sequences.
Fourth, this was a small-sample retrospective study, especially, with
few other BT types except PAs and WTs, and the malignant group
was a small sample and includes different histological patterns. The
pathological types were relatively limited, which may cause some
errors in the statistics of the results. The low disease prevalence of
MTs is the fundamental limiting factor. It is recommended to
conduct further research to confirm the clinical impact of our
results and the differences between specific sites in a larger cohort.
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ROC curve of the APTmean and APTmax for differentiation between (A) BT and MT, (B) PA and MT, and (C) WT and MT. APTmax, the maximum
value of APTw imaging; APTmean, the average value of APTw imaging; BT, benign tumor; MT, malignant tumor; PA, pleomorphic adenoma; WT,
Warthin tumor.
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TABLE 5 Comparison of APTw values among PA, WT, and MT.

10.3389/fonc.2023.1223598

p
PA vs. MT WT vs. MT
APTmax(%) 511 + 1.88 4.67 +0.83 7.43 + 1.61 0.02* >0.99 <0.01* <0.01%
APTmean(%) 2.69 +0.95 2.58 + 1.06 4.15 + 1.33 0.03* >0.99 <0.01% <0.01%
“p < 0.05.

APTmax, the maximum value of APTw imaging; APTmean, the average value of APTw imaging; APTw, amide proton transfer-weighted; BT, benign tumor; MT, malignant tumor; PA,

pleomorphic adenoma; WT, Warthin tumor.

Conclusion

Both APTmax and APTmean values can differentiate benign
and malignant parotid gland tumors, which suggested that APTw
imaging might be helpful in the differentiation of benign and
malignant parotid tumors before surgery. In our study, most
APTw images in parotid gland tumors (83.57%) had acceptable
image quality for APTw value evaluation. However, the technique
still needs to be improved for reduced image artifacts.
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Background: Polymorphous adenocarcinoma (PAC) represents the second most
widespread neoplasm of the minor salivary glands. These tumors rarely develop a
histological progression from low-grade to high-grade malignancy, named
“high-grade transformation” (HGT). Only nine cases are described in literature.

Case description: Here, we describe the case of a 76-year-old male patient with
a PAC recurrence of the oral floor displaying HGT, and we explore the tumor
cytomorphological features, genomic profiling, and the patient’s clinical
management. The tumor mass was characterized by poorly atypical cellular
elements with vesicular nuclei and comedonecrosis foci. The growth pattern was
predominantly solid, tubular, and cribriform. The lesion did not show
microsatellite instability or targeted molecular alterations. The case was
successfully treated with radical surgery followed by radiotherapy.

Conclusion: We report for the first time the recurrence of a PAC with HGT arising
in the oral floor after 20 years from the primary lesion. These preliminary data and
the literature analysis enhance the knowledge of this extremely rare disease.

KEYWORDS

polymorphous adenocarcinoma, high-grade transformation, minor salivary gland, gene
expression profiling, oral floor

o1 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2023.1245043/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1245043/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1245043/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1245043/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1245043/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2023.1245043&domain=pdf&date_stamp=2023-09-18
mailto:giacomo.miserocchi@irst.emr.it
https://doi.org/10.3389/fonc.2023.1245043
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2023.1245043
https://www.frontiersin.org/journals/oncology

Miserocchi et al.

1 Introduction

Polymorphous adenocarcinoma (PAC) is the second most
common malignancy of the minor salivary glands (1, 2). The
incidence of salivary cancers is estimated to be 4-135 cases per
million population per year and approximately 10%-15% are
located in the minor salivary glands (3). PACs normally arise as
surface papillary epithelial hyperplasia with stippled mucosa
covering the cancer mass (4).

These tumors are described as infiltrative epithelial malignancies,
showing bland nuclei, poor to moderate cytoplasm, and a variety of
cytoarchitectural patterns, including solid, cribriform, tubules, and
Indian-file infiltrates (1, 5-7). In the past decades, it is likely than
PACs have been misdiagnosed as adenoid cystic carcinomas
(AdCCs) (8). From a pathological point of view, the two salivary
gland tumors display different cribriform patterns; whereas AdCC
presents stromal cores surrounded by tumor parenchyma and thus
characterized by basement membrane, PAC exhibits genuine lumina
and a variety of myxoid, fibrous, hyalinized, or elastotic stroma with
inconspicuous inflammation (1). Moreover, neurotropisms, as
targetoid pattern, and perivascular arrangements are often detected.
The latest WHO categorization of salivary gland tumors includes the
so-called “cribriform adenocarcinoma of minor salivary glands”
(CAMSG) under the PAC heading, despite their important
differences in clinical behavior (7). Unlike PAC, CAMSG usually
arises in the base of the tongue and shows more aggressive clinical
behaviors, such as higher risk of lymph node metastasis (7).
Moreover, CAMSG tumor cells are characterized by vesicular and
pale nuclei with ground-glass appearance and clear to eosinophilic
cytoplasm (2).

PACs were initially described as indolent malignancies with low
metastatic potential (9). However, recent clinical evidence has
reported recurrences in 19% of PACs and extremely rare cases of
high-grade transformation (HGT) (10-12), with development of
cytological atypia, increased proliferative activity, and necrosis
areas (11).

In the literature, nine cases of PAC displaying high-grade
features have been described (11-17). These pathological
conditions are heterogeneous in terms of clinical outcomes,
metastasis onset, and treatments; can arise in both primary
tumors and recurrences; and can be located in several sites:
palate, nasal cavity, maxillary alveolus, and upper lip.

In this study, we review the state- of- the-art literature on this
extremely rare salivary gland cancer, and report the clinical and
genomic characterization of a new case of PAC characterized by
both high- and low-grade aspects.

2 Case presentation
2.1 Case report
In 2000, a 54- year-old male patient underwent a left neck

node dissection of levels 2-5 and multiple biopsies (larynx, base of
the tongue, amygdaloglossus sulcus, and tonsil) for a metastatic
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node with no clinically evident primary lesion. The histology
confirmed a malignant lymphadenopathy with the presence of a
single lymph node metastasis with extranodal lymphatic vascular
infiltration. The primitive lesion was not detected. The metastatic
tissue showed a tubular, follicular, and microcystic glandular
structure with hyaline stroma and crystalloid and amorphous
material deposition. The sample displayed necrotic foci, while
cancer cells showed poor nuclear atypia and irrelevant mitotic
activity. Immunohistochemical analysis revealed a-SMA
positivity in peripheral spindle cells of tubular structures
and S100 focal positivity. Thyroglobulin, calcitonin, and
chromogranin staining were negative. The other lymph nodes
appeared with reactive and aspecific modifications. Therefore, the
pathologic diagnosis identified a cribriform variant of a lymph
node metastasis with low-grade histologic features and probably
originated from a primitive neoplasia of the salivary gland,
pathologically staged as TX N1 M0. No adjuvant chemotherapy
or other treatments were performed due to the low-grade nature
of the lesion.

In January 2020, the patient referred to the Oral and
Maxillofacial Surgery Unit of Cesena “Bufalini Hospital” for a
swollen nodule in the left of the oral floor. Magnetic resonance
imaging (MRI), using T1-weighted high-resolution isotropic
volume examination (THRIVE), confirmed the presence of a
single lesion in the left portion of the oral floor involving the
unilateral sublingual space (Figure 1A). The mass was well
delimited and in contact with the mandibular cortex, with no
signs of bone infiltration: diameters of 2.4 x 3 c¢m in the axial
sequence, 2 x 2.8 cm in the coronal sequence, and 3. cm in the
sagittal sequence. In the loco-regional seat, the bone cortex of the
jaw appeared remodeled and thin but not interrupted and with no
alteration signal, while reaching the ventral surface of the lingual
root and the mylohyoid muscle. A biopsy was subsequently
performed. On the back, the lesion was widespread since the
ventral surface of the tongue root. The mass reached the left
mylohyoid muscle with the removal of adipocytic cleavage floor.
However, the lesion did not appear to have passed the muscle and
was not extended to the submandibular space. The left
submandibular gland was characterized by a poor oversized extra-
and intraglandular ductal system. The Wharton duct appeared
dilated as probably due to the obstruction/infiltration of the
excretory duct by the cancer lesion. The volume of the left
parotid gland was poorly increased as compared to its
counterpart and showed two formations visible in the deep lobe:
one of 10 mm characterized by mixed signal (hypo- and hyper-
intense) and the other of 14 mm with hemorrhagic component. An
additional formation of 15 mm in the inferior pole of the parotid
gland (level ITA) and a neoformation in the left oral floor
were revealed.

In February 2020, a biopsy was performed and the pathology
report described a glandular parenchyma partially substituted by
malignant components with cribriform aspects. Tumor cells
appeared monomorphic, without significant atypia, with nuclei of
medium dimension, vesicular and no evident nucleolus. The H&E
staining revealed the presence of low- and high-grade tumor
features (Figures 2A, C-E), with different biomarker expression
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FIGURE 1

Preoperative NMR and PET examinations. (A) Axial view of preoperative NMR scan showing the tumor mass (yellow arrow). (B) PET images revealed
a focal hyperfixation area of the left oral floor and two concomitant areas of radioisotope uptake in the left submandibular and unilateral mandibular

seat of the lymph nodes.

on immunohistochemistry assays. The whole tumor tissue was
positive for cytokeratin 7 (Figure 2B), while Ki67 staining showed
a lower cell proliferation in the low-grade areas with respect to the
high-grade counterparts (Figures 2F-H). Cells of the low-grade
areas showed higher expression of p63 and lower expression of S100
(Figures 2I-N). The whole tumor areas were negative for p40
(Supplementary Figures 1A, B). Owing to the histological features
and to the tumor site, the case was diagnosed as a cribriform variant
of a salivary gland PAC and considered as a recurrence with HGT of
the metastatic lesion of unknown primary resected in 2000, the
lesion being a cribriform variant of a salivary gland PAC. The tumor
was classified as a recurrence of the unknown primitive of 2000 due
to the very similar histological features.

In March 2020, '®F- fluorodeoxyglucose (**F-FDG) positron
emission tomography/computed tomography (PET/CT) images
revealed a focal uptake of the left oral floor with a maximum
standardized uptake value (SUV) of 9. Two concomitant areas of
radiotracer uptake were also present in the left submandibular
(SUV max = 4.9) and ipsilateral mandibular (SUV max = 3.8)
lymph nodes (Figure 1B). No other uptake areas were detected.
Therefore, the MTB (ENT and maxillofacial surgeons, pathologist,
radiologist, medical, and radiation oncologists) opted for
radical surgery.

In May 2020, the patient underwent complete parotidectomy
and dissection of the level 1 lymph node (Figure 3A). The surgery
did not require microvascular or local flap reconstruction and no
complications arose, allowing patient discharge after 7 days. The
pathology report described a well-delimited solid mass (3.5 x 2.5 x
2 cm, weighing 15 g) (Figure 3B), not capsulated and showing
marginal foci with infiltrative aspects. The tumor cells were atypical,
with vesicular nuclei and evident nucleoli. The growth pattern was
mostly solid (Figure 3C), with areas characterized by tubular and
cribriform patterns (Figures 3D, E), as well as cystic areas with
luminal papillary projections (Figure 3F). Vascular and perineural
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invasion were present (Figure 3G), together with multiple
comedonecrosis foci (Figure 3H). Three lymph node metastases
were detected. The degrees of lymph node involvement and growth
patterns were variable (solid, cribriform, tubular, papillary, and
cystic), but no aspects of extension to perilymphatic soft tissues
were detected. The biggest measured was 1.4 cm (Figure 3I);
therefore, the disease was staged as pT2, N2b according to TNM
classification (18). The patient had no complications after surgery
and he was discharged after 7 days.

Because of the presence of multiple lymph node metastases, the
MTB referred the patient to adjuvant radiotherapy, completed in
August (60 Gy/30 fractions to the tumor bed and ipsilateral nodes,
54 Gy/30 fractions to contralateral nodes). The treatment caused
the onset of odynophagia, oral mucositis, and epitheliolysis in the
left base of the neck, treated with supportive care and quickly
resolved; the single long-term sequela was mild xerostomia.

In May 2023, the patient was still alive and MRI (Supplementary
Figure 2) and PET/CT showed no sign of recurrence.

2.2 Molecular characterization

To the best of our knowledge, only one case of PAC with HGT
has been molecularly characterized. Here, we performed NGS
profiling and microsatellite instability (MSI) status using DNA
and RNA extracted by tumor tissue. Sequencing analysis did not
detect any alteration in the 52 genes of the NGS panel employed
(Supplementary Table 1; Data Sheet 1); MSI status was obtained
through the investigation of eight markers (Supplementary Table 2
and Data Sheet 2). The analysis revealed an overlapping stable trend
of the curves showed a ATm melting temperature (Tm sample — Tm
positive control) > -3 (unstable markers are considered for a ATm <
-3) (Supplementary Figure 3). These results demonstrated the
microsatellite stability of the sample.
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FIGURE 2

magnification 4x) areas.

Histological features of the lesion. (A) H&E (original magnification 1x). (B) CK7 (original magnification 1x). (C—E) H&E of Low Grade, High Grade
(original magnification 10x), and Mixed (original magnification 4x) areas. (F—H) Ki67 staining of Low Grade, High Grade (original magnification 10x),
and Mixed (original magnification 4x) areas (H&E original magnification 10x). (I-K) p63 staining of Low Grade, High Grade (original magnification
10x), and Mixed (original magnification 4x) areas. (L—N) S100 staining of Low Grade, High Grade (original magnification 10x), and Mixed (original

3 Discussion

PAC is a rare malignancy of the minor salivary glands (1, 2),
which usually arises in the palate (approximately 60% of all cases),
lip, buccal mucosa, alveolar ridge, retromolar region, mouth floor,
posterior tongue, and nasal cavity (1, 5, 6, 10, 12). Their nature is
generally indolent and clinical outcome is positive, with local
recurrence observed in 10%-30% of cases and regional metastases
in approximately 15% (19). Histologically, PACs are described as
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malignant epithelial cancers characterized by heterogenic
morphology, cytological uniformity, and an infiltrative growth
pattern (7). The last WHO classification also includes CAMSG in
the group of PAC variants (7). Different groups consider this aspect
controversial and proposed to classify CASG as distinct lesions
separated from PACs. Indeed, the two entities show differential
diagnosis based on the patient’s history and histological
examination. PACs are characterized by a heterogeneous group of
growth pattern, including cribriform structures, the presence of
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FIGURE 3

Postoperative images of the tumor mass and histological features. (A) Intraoperative photograph. (B) Lesion surgically excised. H&E images show (C)
solid (original magnification 5x), (D) cribriform with focal infiltration in the perilesional adipose tissue (original magnification 10x), (E) cribriform and
glandular (original magnification 10x), and (F) papillary growth pattern (original magnification 10x). Representative histopathological features: (G)

vascular neoplastic invasion (original magnification 20x), (H) comedonecrosis (original magnification 10x), and (I) lymph node metastasis (original
magnification 5x).
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concentric whorls developed by streaming columns of a single file
or narrow trabeculae, and invasion of surrounding tissues and
perineural spaces (20). Differently, CAMSGs were cytologically
monomorphous with a limited range of growth patterns with a
predominance of solid and cribriform structures mixed with a
tubular pattern, mild cellular atypia, lymphovascular invasion,
and infiltration of adjacent tissues (20, 21). Despite the invasive
growth pattern of the two kinds of tumor, the overall prognosis
remains favorable. Based on these differences, we have diagnosed
the lesion here presented as PAC.

Originally identified as polymorphous low-grade adenocarcinomas
(PLGAs), the WHO classification has changed the name in PAC,
owing to the occurrence of sporadic cases characterized by a more
aggressive pathophysiological feature and morphological appearance
(7). These events are extremely rare and entail the progression from a
low to high grade. High-grade PAC are characterized by prominent
nucleoli, nuclear atypia, a high mitotic count, frequent central
hemorrhage, and necrosis (1, 15, 22). Based on the histologic
features, cytology, and behavior differences between PACs and
CAMSGs, we have diagnosed the lesion here presented as PAC.

In the literature, the first documented case of PAC of the palate
showing HGT at relapse was published in 1984 (13): four other
cases subsequently reported features of HGT in PAC recurrences
(11, 15). Pelkey et al. described two multiple locoregional
recurrences displaying histological transformation to high grade
after 17 and 26 years (15). The fourth and fifth cases recurred after
11 and 28 years, respectively (11, 17). Here, we report the first
documented case of PAC recurrence that occurred 20 years after a
lymph node metastasis of unknown primary lesion with low-grade
histologic aspects. Although late recurrences were already
described, the case here reported shows unusual and unique
features not only in the recurrence, but also in the primary
tumor. Indeed, the diagnosis of the second lesion as a recurrence
with HGT of the undetected primary tumor relies on the same

TABLE 1 Patients’ characteristics.

Sex, age (at

Patient WEENENH

surgery)

Primary lesion/
Recurrence

10.3389/fonc.2023.1245043

histologic features shared with the lymph node metastasis of 2000.
The supposedly spontaneous remission of the primary PAC
confirms the low aggressiveness of the disease.

In some instances, high-grade morphological features were also
identified in PAC at initial presentation (11, 12, 14, 16). The tumor
recurrences arose only in the palate while the cases at the initial
presentation also included the site of nasopharynx and maxillary
alveolus (14, 16). Therefore, our report describes the first
documented case originating from the oral floor.

PAC and AdCC share many growth pattern features, such as
solid and cribriform histology or the presence of neurotropism (6,
12): immunohistochemical stainings for the myoepithelial markers
0-SMA and p40, positive in AACC and negative in PAC, help to
discriminate between the two entities (12, 23-25).

PACs with HGT —such as the case with our patient —share
both high- and low-grade histological characteristics. In particular,
high-grade areas are characterized by a solid growth pattern and
necrosis or comedonecrosis foci, and low-grade areas show
heterogeneous growth patterns (solid, tubular, trabecular, and
cribriform are the most represented) (Table 1). Our case
presented a prevalent solid growth pattern with some areas with
cystic, cribriform, and tubular features.

As previously described, patients affected by PAC present good
clinical outcomes, and this aspect is maintained also in the HGT
variants. Indeed, four patients were alive and disease-free at the time
of the case report publications (11-13) and only one had died from
septic shock after an Escherichia coli infection of the urinary tract
(14). In the other cases, the clinical outcomes were not available. In
all cases, surgery represented the first treatment choice. In addition,
radiotherapy was used in different modalities: alone (14), in
combination with hyperthermia (13), or in combination with
chemotherapy (15). In a single instance, the patient was treated
with multidrug chemotherapy alone as adjuvant therapy after
resection of multiple bilateral nodal metastases in the neck (11).

Histological growth Outcome
patterns (months)

Lymph nodes,

1 F, 48 Palate mandible Recurrence So, Cys, Pa AWD (NA) (13)
2 M, 47 Nasal cavity NA Primary lesion So Dieds}f:;rds(ep tic (14)
3 F, 44 Palate Lymph nodes Recurrence So, Crib, Tra, Sin-F NA (15)
4 F, 38 Palate / Recurrence Crib, Tub, Tra, Sin-F NA (15)
5 M, 66 Palate / Recurrence So, Pa, Crib, Sin-F, Tub AWD (156) (11)
6 M, 63 Palate Lymph nodes Primary lesion So, Crib, Tub, Sin-F AWD (5) (11)
7 F, 73 Z[j:;llljz ;y(izfr;he :)Oli ensig Primary lesion So, Crib, Tub, Sin-F NA (16)
8 M, 43 Palate / Primary lesion So, Pa, Crib, Sin-F, Tub AWD (39) (12)
9 F, 73 Palate / Recurrence So, Tra, Tub NA (17)
10 M, 74 Oral Floor Lymph nodes Recurrence So, Cys, Pa, Crib, Tub AWD (38)

F, female; M, male; So, solid; Cys, Cystic; Pa, papillary; Crib, cribriform; Tra, trabecular; Sin-F, single-file (Indian-file); Tub, tubule; ADW, alive without disease; NA, not available.

“/” correspond to the absence of Metastasis.
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The mutational status of PACs with HGT are poorly described.
Currently, only one study investigated the genome profiling of high-
grade forms of PAC (17). The genomic analysis revealed a clonal
NOTCH2 Q2409* truncating mutation and a MEF2B P315Qfs*
frameshift mutation. Moreover, fluorescence in situ hybridization
(FISH) analysis revealed PRKD2 rearrangement and PRKD1 and
PRKD3 wild-type status. We used an NGS multi-biomarker assay to
detect variants across cancer-relevant genes from DNA and RNA.
No gene mutations were detected, neither in DNA nor in RNA.
These results add genomic information on this extremely rare type
of cancer, but further and more extended sequencing analysis are
warranted to better characterize these diseases.

For the first time here, we explored the MSI status of a PAC with
HGT. MSI represents a genetic hypermutability condition driven by
DNA mismatch repair system (MMR) mainly associated with
endometrial and gastric malignancies (26-28). MSI analysis showed
an overlapping stable trend of the curves, and thus, microsatellites
were considered stable. Several studies associate higher MSI
frequency to young non-smoker patients with H&N SCCs (29, 30)
while salivary gland tumors display lower frequency (31). Therefore,
the case presented here is consistent with the scientific literature and
suggests that HGT does not influence the stability of microsatellites.
However, further analyses on different tumor samples are needed to
better describe the genetic status of this rare disease.

Taken together, our results and the scientific evidence on these
extremely rare malignancies highlight some considerations. HGT in
salivary gland carcinomas is a process associated with a more
aggressive behavior and poorer prognosis with respect to low-grade
forms (22, 32). Conversely, the cases of PAC with HGT described in
literature and summarized in this review (Table 1) showed
heterogeneous clinical outcomes. Indeed, only in one case did the
patient die as a consequence of his tumor (14). These differences
suggest that HGT of PAC might be associated with a less aggressive
behavior compared to the other salivary gland carcinomas.
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Salivary gland cancers (SGCs) are rare, accounting for less than 5% of all
malignancies of the head and neck region, and are morphologically
heterogeneous. The diagnosis is mainly based on histology, with the
complementary aid of molecular profiling, which is helpful in recognizing
some poorly differentiated, borderline, or atypical lesions. Instrumental imaging
defines the diagnosis, representing a remarkable tool in the treatment plan.
Ultrasound and magnetic resonance are the most common procedures used to
describe the primary tumour. The treatment of SGCs is multimodal and consists
of surgery, radiotherapy, and systemic therapy; each treatment plan is, however,
featured on the patient and disease’s characteristics. On 24 June 2022, in the
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meeting “Current management and future challenges in salivary gland cancers”
many experts in this field discussed the state of the art of SGCs research, the
future challenges and developments. After the meeting, the same pool of experts
maintained close contact to keep these data further updated in the conference
proceedings presented here. This review collects the insights and suggestions
that emerged from the discussion during and after the meeting per se.

KEYWORDS

salivary gland cancer, rare cancer, surgery, heavy particles, targeted therapy

1 Introduction

On June 24, 2022, a one-day meeting entitled “Current
management and future challenges in salivary glands cancer” took
place at CNAO (Italian National site for Hadrontherapy) in Pavia,
Italy. Several international experts in the field have been involved to
bring their experience on the management and the research in
salivary gland cancers (SGCs). A multidisciplinary overview
contributed to turn on the light on these challenging tumours,
especially regarding the future research and development. In this
review, we describe the current landscape in SGC treatment,
focusing on the novelties in diagnosis, surgery, radiotherapy, and
systemic therapies that emerged during the meeting.

2 Epidemiological update

SGCs are rare, accounting for less than 5% of all malignancies of
the head and neck (HN) region. The WHO Global Cancer
Observatory reported 53.583 new diagnoses in 2020 worldwide;
the incidence was 0.59 and the mortality 0.23 per 100,000/year (1).
Across all European countries, the Eurocare register, which collects
data on rare tumours including SGCs, reports an incidence of 0.91
per 100,000/year for malignant epithelial tumours of major salivary
glands and 0.43 per 100,000/year for salivary gland-type tumours of
the minor salivary glands (2).

The incidence is stable over time, without increment in the risk,
except for the elderly population. In 2020, 43% of SGCs occurred in
the elderly, causing 12,339 cancer-specific deaths, with a male-to-
female ratio of 1.3:1. In the next two decades, the new diagnoses in
the elderly age group are expected to account for 80% of the total
SGCs diagnoses (3). The review of the Surveillance, Epidemiology
and End Results (SEER) Program database indicated that the
incidence of major salivary glands and salivary gland-type cancers
in patients over 65 years was 4 and 7 times higher, respectively, than
that reported in younger patients and the overall 5-year survival
rates were significantly better in young than in elderly subjects who,
more frequently, presented histotypes with poor prognosis (e.g.
salivary duct cancer) or unspecified histotypes (3). Indeed, almost
half of SGCs cases from the SEER dataset presented at diagnosis
with localized disease, without significant differences between major
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salivary glands and salivary gland-type carcinomas, while elderly
patients were diagnosed more frequently at a metastatic stage (3).

3 Pathological classification and
molecular characterization

The diagnosis of SGCs may be challenging to the pathologist
because it is a morphologically heterogenous group of neoplasms.
The characteristics of each neoplasm have been specified in the
updated SGCs classification which the World Health Organization
(WHO) has recently released (4). The most important novelties are
i) the introduction of molecular data to define new entities; ii) the
attention to cytological findings according to the Milan System; iii)
the attention to high-grade transformation which may determine a
negative prognosis (5). Many types of SGCs (e.g. mucoepidermoid
carcinoma, adenoid cystic carcinoma, acinic cell carcinoma,
secretory carcinoma, polymorphous adenocarcinoma, hyalinizing
clear cell carcinoma, mucinous adenocarcinoma, and
microsecretory adenocarcinoma) are defined according to the
presence of recurrent genomic alterations, such as gene fusions
and tightly tumour-type specific mutations (Table 1).

Recurrent gene defects become, therefore, valuable and helpful
for use in diagnostically challenging cases, not only for examining
poorly differentiated lesions but also for recognizing borderline or
atypical lesions. The next-generation sequencing approach may
contribute to clarifying some heterogeneous groups, such as
adenocarcinoma, not otherwise specified (NOS) (8). However,
most entities are defined based on histology and
immunohistochemistry findings, and molecular characterization is
not mandatory for the diagnosis (9). However, molecular diagnosis
can be supplementary in terms of providing information on
biological behaviour, as well as, the suitability of a patient to
targeted therapies. Indeed, some gene defects can help to identify
some potential targets for therapy; currently, the predictive role of
molecular alterations is still not relevant, except for the RET and
NTRK genes translocation that can be targeted by specific inhibitors
(e.g. selpercatinib or pralsetinib for RET and entrectinib or
larotrectinib for NTRK) (10, 11); androgen receptor
overexpression in salivary duct carcinoma handled with androgen
deprivation therapy (12, 13), and HER2 overexpression/
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TABLE 1 Salivary gland cancer, according to the presence of recurrent genomic alterations (6, 7).

Histotype Molecular alterations Fusion Fusion
(major) (alternative)

Adenoid cystic carcinoma NOTCH1 mutation; EGFR and KIT overexpression MYB-NFIB MYBLI-NFIB

Mucoepidermoid PI3KCA, POU6F2, BRCA1/2; CDKN2A mutation CRTCI- CRTC3-MAML2

carcinoma MAML2

Acinic cell carcinoma CDKN2A and PPPIR13B deletion NR4A3 HTN3-MSANTD3

Secretory carcinoma PRSSI, MLH1, MUTYH, and STK1I mutation ETV6-NTRK3 ETV6-RET; ETV6-

MET

Hyalinising clear cell Not reported EWSRI-ATF1 EWSRI-CREM;

carcinoma EWSRI-CREBI

Intraductal carcinoma KRAS and/or PI3KCA mutations NCOA4-RET TRIM27-RET

Carcinoma ex pleomorphic | HER-2 overexpression and ERBB2 amplification; HRAS mutation; PI3KCA mutations; PTEN loss PLAGI- CTNNBI, LIFR,

adenoma HMGA2, FGFR1
NFIB-PLAGI

Salivary duct carcinoma AR overexpression; HER-2 overexpression and ERBB2 amplification; BRAF, HRAS, PI3KCA, PLAGI-

EGFR and NFI1 mutation; PTEN loss CTNNBI

Myoepithelial carcinoma KRAS and HRAS mutation; SMARCBI deletion TGFBR3- PLAGI; HMGAZ2;

PLAGI EWSRI

amplification treated with trastuzumab, since other HER2 targeted
agents available perhaps generalize to HER?2 targeted therapies (14).

Another aspect of novelty in the new classification is the
attention to the high-grade transformation/dedifferentiation.
High-grade transformation is associated with aggressive clinical
behaviour and poor prognosis, regardless of the background
histotypes. Adenoid cystic adenocarcinoma (ACC) more
frequently undergoes high-grade transformation, usually de novo
at the initial presentation and, more rarely, at recurrence. The
presence of high-grade transformation may be detrimental to
morphological diagnosis because of the partial or total loss of
distinct morphology of background histotype; in this case,
molecular features may be useful to characterize the tumour. The
genetic bases which determine the shift toward high-grade
transformation have been not completely elucidated yet (15).

Some unresolved issues still exist in the WHO Classification
2022: for example, the definition of mucinous adenocarcinomas
or to classify the oncocytic carcinoma no more as an
independent entity.

The classification of WHO 2022 reserves an important role to
cytology in the diagnosis, introducing the Milan System for
reporting. The Milan System provides a very practical SGC
classification from a cytological point of view (Table 2).

4 Radiological diagnosis of malignant
tumours from both major and minor
salivary glands

Imaging plays essential role in treatment planning, in terms of
tumour characterization and of locoregional spread detection.
Ultrasound (US) imaging with high frequency is the first
examination and can be considered conclusive, in case of small
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lesions or clinically defined and/or confined to the superficial lobe
of the parotid gland. In most cases, US can distinguish between
benign and malignant tumours, as benign lesions present regular
and well-defined margins, a homogeneous hypoechoic structure,
and demarcated vessel distribution, while malignant tumours are
poorly defined with an irregular shape, blurred margin, and
hypoechoic, heterogenous internal architecture and perfusion.
However, in some cases as in lower-grade lesions, benign and
malignant salivary gland tumours may have a similar US patterns.
They appear well-defined and may display a lobulated border and
homogeneous internal architecture, as well as, pleomorphic
adenomas may have an irregular shape with heterogeneous echo
structures. Similarly, about 60% of benign and 50% of malignant
tumours are poorly vascularized, while all Warthin tumours, 15% of
pleomorphic adenomas, and 38.8% of malignant tumours are well-
vascularized (17). Thus, although US is a sensitive and specific

TABLE 2 Diagnostic categories in the Milan System for Reporting
Salivary Gland Cytopathology (16).

Diagnostic category

I.  Non diagnostic

II. Non-neoplastic

III.  Atypia of Undetermined Significance (AUS)
IV. Neoplasm
IVA. Neoplasm: benign

IVB. Neoplasm: salivary gland neoplasm of uncertain malignant potential (SUMP)

V. Suspicious for Malignancy

VI Malignant

Diagnostic category correlates with the risk of malignancy (ROM), tier I ROM 25%, tier II
ROM 10%, tier III ROM 20%, tier IVA ROM < 5%, tier IVB ROM 35%, tier V. ROM 60%, tier
VI ROM 90%.
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technique, about 18-20% of specimens remain non-diagnostic and
indeterminate (18).

US is frequently used to perform biological sampling and fine-
needle aspirate cytology (FNAC), as in experienced hands is
inexpensive, easy to perform, well-tolerated, and safe. Core-needle
biopsy (CNB) has a higher sensitivity in diagnosing malignant
neoplasms and allows tumour characterization and grading in
most of the cases. The technique is less operator-dependent and
has a lower rate of indeterminate and non-diagnostic specimens
(19). It is, however, more cumbersome with some potential
complications and that is why, in the recent ESMO/EURACAN
guidelines, a stepped approach is recommended, performing CNB
in patients where FNAC is inconclusive (20).

Besides US, magnetic resonance (MRI) represents the imaging
technique of choice as it can provide both a morphological and
structural analysis by combining conventional and functional
sequences. It is valuable to characterize lesions especially when
clinical and US evaluations are doubtful or cyto-histological
sampling is not conclusive or difficult to perform MRI may have
a role in surgical planning in presence of symptoms suggestive of
malignancy (such as pain, paralysis of the VII nerve, and
lymphadenopathies) and in case of large lesions or lesions
involving the deep lobe of the parotid gland (21, 22).

Functional MRI procedures contribute to better discrimination
and describe specific types of SGCs. Diffusion-weighted (DWI)-
MRI sequence and dynamic contrast-enhanced (DCE) can
differentiate pleomorphic adenoma from Warthin tumours. In
DCE, the degree of tumour enhancement is plotted against time
and the acquired signal generates a time-intensity curve; four time-
intensity curves have been characterized. Most pleomorphic
adenomas have a type A curve (time to peak was more than 120
seconds), while almost all Warthin tumours have a type B curve
(time to peak was 120 seconds or less with high washout
ratio, 230%); most malignant tumours are characterized by a type
C curve (time to peak was 120 seconds or less with low washout
ratio, <30%), which is a criterion for predicting salivary gland
malignancy with 79% sensitivity and 95% specificity (23). MRI
also allows an investigation of the relationship between facial nerves
and tumoural mass and the presence of perineural spread.

10.3389/fonc.2023.1264287

Therefore, the combination of conventional MR and functional
imaging contributes to better defining the tumour and helps in
treatment planning (21) (Table 3).

Computed Tomography (CT) represents an alternative when
MRI is contraindicated or represents an additional exam in cases of
suspected involvement of bony structures. CT is less sensitive than
MRI in detecting the presence of perineural diffusion, in such cases
it may demonstrate enlargement or erosion of skull base
foramina (17).

In presence of histologically confirmed malignant lesions,
especially if high grade, CT examination can be extended to
thorax and abdomen for staging purpose (17).

Some differences can be accounted for major and minor salivary
gland imaging. First of all, the anatomy of the minor salivary gland
is different, as minor glands are located especially in the oral cavity
(mostly lips, posterior 1/3 of the hard palate, base of the tongue), in
oro- and nasopharynx, paranasal sinuses, larynx, and trachea, with
a submucosal location. The anatomic site of the primary tumour
influences the choice of the imaging acquisition protocol. In the
differential diagnosis of minor SGCs, it should be noted that the rate
of malignant tumours is higher than in major SGCs, with
pleomorphic adenoma, mucoepidermoid carcinoma, and ACC
being the most common histological type (Table 4). Other
histotypes have sites and patterns overlapping; therefore, imaging
is not enough to give a diagnosis in most cases.

The differential diagnosis should encompass other entities,
namely “tumour mimickers”, including mucocele, IgG4-related
disease (26), and necrotizing sialometaplasia. Local invasion and a
permeative growth pattern are features of ACC, with the involvement
of bone, and soft tissue. Perineural spread of minor SGCs involves
maxillary (tumours arising from hard palate and spheno-palatine
area) and mandibular nerves (tumours arising from nasopharynx),
VII cranial nerves, mostly via interconnections with V cranial nerves,
and lower cranial nerves (tumour arising from nasopharynx
extending to the skull base). All these characteristics of the tumours
of minor salivary glands reflect on imaging protocols in terms offield-
of-view and spatial resolution. The field of view should be adapted to
the site that should be visualized and the resolution should be
maximized to identify all lesions.

TABLE 3 Conventional MRI features in pleomorphic adenoma, Warthin tumour, and malignant tumour (24, 25).

Type of
lesion

Typical MR Characteristics

pattern

Contrast-enhancement

Additional characteristics

Pleomorphic  Low signal on T1w, bright signal on Marked heterogeneous nodular
adenoma T2w Well-defined, lobulated margins enhancement

with hypointense capsule
Warthin Cystic portions with high signal on Solid portions with low-intermediate
tumour unenhanced T1w and intermediate-to- enhancement

high signal on T2w
Malignant low signal on T2w (high cellularity). Homogeneous or heterogeneous contrast-
tumours Undefined borders, invasion of enhancement. Necrosis and cystic changes

surrounding structures.
Macroscopic perineural spread.
Lymphadenopathies

MRI, magnetic resonance imaging T1w, T1 weighted; T2w, T2 weighted.
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are not specific features

102

Cellular subtypes or with fibrosis content associated with low
T2 signal

Located in the inferior portion of the parotid gland, often
bilateral

Low-grade lesions may have MRI features comparable to
benign lesions (homogeneous signal intensity, well defined
borders and capsule-like rim enhancement)
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TABLE 4 Clinical and radiological features of the most common tumours in minor salivary glands.

Histotype

Pleomorphic adenoma

Mucoepidermoid carcinoma

Adenoid cystic carcinoma

Radiological pattern Usual MRI-CT pattern

DWI -
Palate

Anatomic site Hard palate, upper lip

Imaging findings variable, depending on grade

DWI +
Permeative growth pattern

Paranasal sinus (30%), oral cavity

Typical features Rarely malignant

Children and young adults

Perineural spread

MRI, magnetic resonance imaging; CT, computerized tomography; DWI, diffusion-weighted magnetic resonance imaging.

5 Surgery of salivary glands cancers:
current status and recent advances

Surgery is often the upfront treatment for all SGCs; however, the
most important prognostic factors (e.g. high-grade lesion, high pT-
category, perineural spread, especially if microscopic) that may affect
the outcomes are not often available before surgery. The Vander
Poorten Scoring System may help in estimating prognosis and
decision making. This index allows for a weighted estimate of an
individual patient’s prognosis in both the pre- and the post-operative
situation (27, 28), and by now has been repeatedly externally
validated (29-33) and it is also available as a nomogram (34).

The main principles of surgery are complete resection (R0) with
adequate margins and the preservation (or restoration) of vital
function. Regarding the definition of “adequate margins”, no
relevant differences have been observed between negative and
close (< 5 mm) margins for all SGC sites (35), except for the oral
cavity. For ACC, there is consensus that a close margin (R1)
resection makes sense in enhancing local control in combination
with postoperative radiotherapy as compared to using radiotherapy
alone (35, 36). In this respect, patients with an expected R2 margin
are preferably sent for primary radiotherapy, and heavy ion therapy
is preferred in this situation (20).

The vast majority of high-grade tumours require a combination
of surgery and radiotherapy, although the most efficacious
technique for radiotherapy delivery e.g., photons versus protons
versus carbon ion therapy remains undefined. In the adjuvant
setting, the use of platinum-based chemoradiotherapy was well
tolerated but up to now did not demonstrate any survival
improvement, compared to radiotherapy alone in patients with
high-risk salivary gland cancers (37). Indeed, the use of
concomitant chemoradiation in adjuvant setting is discouraged by
the recent guidelines (20, 38), outside of clinical trials; the RTOG-
1008 trial (NCT01220583) has completed recruitment, and
currently, we await the first results.

5.1 Surgery for MiSGC

Minor SGCs are rare and heterogeneous in terms of histology,
grade, and site of origin. In these tumours, negative prognostic factors
are advanced stage at presentation including advanced T
classification, positive margins (R1), positive nodes, perineural
and - especially for ACC - intraneural spread (39), sinonasal and
nasopharyngeal site of origin, lymph node ratio, and high-grade.
Survival is quite good, but high-grade tumours are associated with a
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dismal prognosis (40). The surgical management of minor SGCs is
particularly challenging and should be centralized in centres with
large experience. Transoral surgery, transnasal endoscopic surgery,
and combined transoral-transnasal techniques are becoming
common surgical procedures to manage minor SGCs of
oropharyngeal or sinonasal origin (41). Since the past 2 decades,
transoral surgery is traditionally performed using laser microscopic
surgery, through laryngoscopes and oropharyngoscopes, but the
surgeon is limited by the line of sight through a positioned scope,
while only a tangential cutting plane can be used. Frequent
repositioning of scopes results in a piecemeal resection, and the
technique needs a demanding learning curve. In specific indications
and given good exposure, the Da Vinci ® robot for transoral surgery
can result in improved maneuverability and visualization, thus
overcoming the limits of transoral laser microsurgery and giving
access to selected tumours that are otherwise hard to approach. The
underlying idea is to use a minimally invasive natural orifice surgery,
reducing the interference with surrounding tissues when compared to
traditional transcervical/transmandibular approaches. Current
evidence in the use of this technique in minor SGCs concerns
tumours located in the oropharynx at the base of the tongue and,
very rarely, supraglottic locations; limited evidence is available on the
advantages of robotic surgery for parapharyngeal SGCs of minor and
major salivary gland origin (42, 43). Based on the experience with
squamous cell carcinomas (SCC), it is suggested that, in selected
patients, transoral surgery can result in a shorter recovery and
hospital stay and better functional outcomes than open approaches;
in selected patients with SCC in the salvage setting, the transoral
approach also shows functional and oncological superiority (44). We
should, however, remain careful in extrapolating this experience with
SCC to SGCS of minor salivary gland origin, the latter having a
known tendency to submucosal spread and perineural invasion,
complicating a good resection. To date, the data supporting this
approach in SGCs remain limited and often related to small case
series and retrospective studies with potential inclusion bias (42, 43).
Nevertheless, transoral robotic surgery, followed by adjuvant
radiotherapy, should be considered a valuable option in the
multidisciplinary management of minor SGCs, achieving durable
disease-free survival in well-selected patients (43). In the same line,
endoscopic endonasal resection can be applied in the nasopharynx
(in SGCs without involvement of the internal carotid artery, and with
minimal skull base extension) and in the sinonasal tract and skull
base (45). The combination of endoscopic and transoral approaches,
e.g. in the endoscopic-assisted maxillectomy, has the dual advantage
of better delineating the posterior margin by drilling the
pterygomaxillary junction while avoiding facial incisions (46).
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For ACC located in the nasopharynx and in the sinonasal tract,
the main issue is the nerve invasion, not only limited to perineural
invasion and inflammation but also including intraneural invasion,
which resulted as an independent predictor of poor prognosis (39).
In particular, definitive upfront radiotherapy should be considered
for ACC of the nasopharynx.

5.2 Surgery for Major SGCs

The surgery of major SGCs consists in most of the cases in
superficial parotidectomy or total parotidectomy, to obtain a
complete resection with adequate free surgical margins (47). The
extent of resection performed may differ according to the local
extension and specific growth pattern of the tumour (48). The
debate on parotidectomy is still open: a superficial parotidectomy
can be sufficient and adequate for superficial lobe lesions and in
presence of normal mobility and functioning of the VII nerve, while
total conservative parotidectomy is preferred when deep lobe parotid
lymph nodes are at risk or involved (49). Both ASCO and ESMO/
EURACAN guidelines (20, 38) suggest that at least parotidectomy
with the removal of additional parotid tissue should be recommended
for advanced or high-grade cancer, if it is deemed to not place the
facial nerve at significant risk, but the latter is obviously related to the
experience of the surgeon. Prophylactic deep lobe parotidectomy may
be indicated with high-grade tumours and in presence of lymph node
involvement, especially using the en bloc technique that limits the risk
to facial nerve damage (50). Total parotidectomy for small malignant
tumours is not supported by significant evidence as no randomized
clinical trials are available and the local recurrence rate is very low in
the early stage, if adequately treated with postoperative radiotherapy
(51-53). Nevertheless, current guidelines promote total
parotidectomy in tumours with pre-operative known type and
high-grade (20, 38). Total parotidectomy is indicated for a tumour
in the deep lobe, retromandibular area, upper part of the
stylomandibular tunnel, and in presence of obvious malignant
tumours with extraparenchymal extension or neck metastasis.
Mandibulotomy should be considered (but surely is not always
needed) for deep lobe malignant tumours, or parapharyngeally
recurring pleomorphic adenomas. Reconstructive surgery is aimed
at minimizing aesthetic deformity and maximizing the functionality
in radical parotidectomy with VII nerve sacrifice. Classical
combinations are static reconstruction, free fasciocutaneous or
muscle flaps for soft tissue and skin replacement, and free nerve
cable grafting to restore the sacrificed facial nerve; new developments
resulting in better and quicker recovery are the use of vascularized
nerve grafts and of the masseteric nerve transfer (41).

6 Radiotherapy: when, how,
and where

According to ASCO and ESMO/EURACAN Guidelines (20,
38), postoperative radiotherapy should be offered to all patients
with ACC, and for the other SGC types for high-grade tumours,
positive margins, perineural invasion, lymphovascular invasion,
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lymph node metastases, and pT3-4 tumours; it should also be
considered an option for patients with close margins or
intermediate-grade tumours (38). Radiotherapy should be
suggested also to patients who are not eligible for surgical
resection because of the extent of the disease or in case of
anticipated R2 resection or the presence of clinical comorbidities.
Elective nodal irradiation is indicated for a selected group of
patients with high-grade tumours or advanced T status that did
not undergo neck dissection at the time of the primary resection.

The scenario is different for low-grade SGCs (e.g. low-grade
mucoepidermoid carcinoma, classical acinic cell carcinoma,
myoepithelial carcinoma, all polymorphous adenocarcinomas).
No data from randomized studies are currently available on the
role of radiotherapy in low-grade SGCs and recommendations
mainly derive from retrospective studies and expert opinions. The
treatment paradigm of a malignant low-grade tumour consists of
surgical resection in all salivary sites, followed by postoperative
radiotherapy in presence of the risk factors mentioned above or in
case of recurrence and it should be accounted for that almost 50% of
low-grade SGCs (54) and almost 30% of ACC have at least one
high-risk feature (55). On the other hand, radiotherapy is not
suggested in pT1 and pT2 low-grade cancers without additional
negative prognostic factors; indeed, in a study cohort on more than
800 patients with surgically treated SGCs, the use of post-operative
radiotherapy did not change the survival rates in the subset of
patients with stage I/II, close margins (< 1 mm) and low- or
intermediate-risk histologic type (56). But one should remain
cautious in that there is still inevitable selection bias in this
institutional cohort, even if there is correction for confounding
via multivariate analysis.

For ACC, the standard treatment consists of radical surgery and
postoperative radiotherapy, especially for locally advanced disease
and in presence of the risk factors mentioned above. Due to its well-
known radioresistance, ACC remains a major challenge for
radiation oncologists. Its horseshoe shape often embraces or
intersects radiosensitive structures following neural pathways:
indeed, high conformational radiotherapy techniques are required
to reduce the dose delivered to normal structures avoiding radiation
induced severe toxicities. In this regard, particles, including protons,
neutrons and carbon ions, with different physical features appear to
reduce the low-to-moderate dose of photon radiotherapy (RT) by
inverting the depth dose profile of energy deposition through the
matter. In contrast to photons, the dose at the beam entrance is
relatively lower than in the Bragg peak, where most energy is
deposited in a limited depth interval with a consequently reduced
irradiation of healthy tissues along the beam path. In addition,
neutrons and carbon ion radiation therapy (CIRT) show several
advantages compared to photons. In particular carbon ions have a
superior relative biological effectiveness (RBE) that is estimated at
least a 2-3-fold factor in comparison to photons and protons.
Neutrons and carbon ions entered the clinical practice from some
decades. Good local control (LC) rates from early neutron studies
on SGCs, including the pivotal phase IIT trial conducted by
Radiation Therapy Oncology Group (RTOG) and Medical
Research Council (MRC) in the 1980’s were unfortunately
reached at the expense of considerably higher late toxicities
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compared to photons (57). Thus, it led to the investigation of CIRT
therapy for these tumours, ACC, particularly when surgery is not an
option. In addition to the dosimetric advantages with steep dose
gradients beyond the Bragg peak, steering of carbon ions is much
more convenient than for neutrons. The interest in carbon ion arose
in Germany (58) and Japan (59, 60) and rapidly spread around the
world, with many particle facilities that are built even in Europe and
China. Evidence that ACC may benefit from CIRT, alone or in
combination with photons based intensity modulated RT in terms
of LC, overall survival (OS) and toxicity, including R2 and
inoperable cases has been reported in the latest years (61-64).
Especially in Akbaba et al. for paranasal sinuses after CIRT boost it
was reported higher toxicity rate (>G3) in the postoperative
intensitiy modulated radiotherapy (IMRT) + CIRT cases in
comparison to the primary IMRT + CIRT, with comparable
results in terms of LC (58). In a series of 184 patients with ACC
of the head and neck treated with CIRT at CNAO from January
2013 to June 2020 worse OS was reported for patients with any
gross tumour volume (GTV) at pre-CIRT MRI compared to
macroscopically resected patients (p=0.008), with shorter OS in
patients after debulking surgery and unresected patients (43% and
54% 5 years OS) compared to R1 postoperative patients with
macroscopic disease at pre CIRT MRI (78% OS) and patients
with microscopic disease (93%, p=0.014).

It is difficult to exhaustively delineate the toxicity scenario of
CIRT as different prescription doses, different biological models for
dose prescriptions, and different dose constraints are used in each
centre. In addition, some discrepancies are observed in the way to
evaluate the impact of therapy, especially for example on brain
toxicity. Consensus initiatives are necessary to standardize as much
as possible treatments with CIRT and the evaluations of toxicity
during the follow-up as it has been proposed for proton therapy
(65). Proton therapy can be used to achieve a good dose distribution
in complex ACC volumes and may be potentially advantageous
over advanced photon techniques in selected cases and for children
and young adults to reduce low dose splash of conventional photon
RT. High local control was achieved in a Japanese series of 25
patients (3-year LC 63%) (66) and in another American series of 19
patients (2-year OS 93) (67) treated with radical proton therapy. An
excellent outcome (5-year LC 93%) was reported in a French series
of 23 patients treated with mixed photon/proton beams when post-
surgical flap insertion is performed or in young patients (68). It is
important to remember that each tumour localization and histology
needs a specific approach. In paranasal sinuses and palate, the most
common histological subtype is squamous cell carcinoma, and rarer
variants are olfactory neuroblastoma, adenocarcinoma,
mucoepidermoid carcinoma, ACC, undifferentiated sinonasal
carcinoma, neuroendocrine carcinoma, and chordoma.
Postoperative radiotherapy is indicated almost in all patients and
treatment recommendations are agnostic to histological subtypes.
However, some attention should be paid in presence of a positive
margin, in proximity to crucial structures, and according to the
status of the reconstructed flap and irradiation of the neck.

Some issues of radiotherapy are still present in paranasal
sinuses, although many advances have been done in this field in
the last years (69). The tumour clinical target volume dosimetry is
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challenging as the dose is often limited to respect the constraints of
critical structures and is particularly critical in unresectable diseases.
In some cases, excessive doses with hotspots >10% of the prescribed
dose to the skull base, skin, and flap can occur; it should be cautious
to avoid exceeding doses within critical structures such as optic
nerve and chiasm or to cause other equally debilitating
complications including flap necrosis, ocular infections, eating
difficulty as all these side effects can compromise short- and long-
term quality of life (70). Finally, the anatomical volume to be
included in case of perineural invasion remains controversial, in
particular no consensus exists to treat electively the skull base only
when a named nerve is involved or include it routinely even when a
microscopic perineural inflammation is reported.

7 Neck involvement in salivary
gland cancer

The treatment of salivary gland cancer with clinically negative
lymph nodes is still unclear. In this patients category we need to
look at the presence of the risk factors for occult neck disease and
deciding to treat the neck when the probability, based on the
combined presence of different risk factors, exceeds the threshold
of 15-20%. Risk factors predicting micrometastases are clinical
characteristics, such as age (>54 years), pain, facial nerve
dysfunction and stage >T2, and pathological as intermediate- or
high-grade tumour, extraglandular soft tissue invasion and
lymphatic invasion (71). A different distribution of occult
metastases in the neck in ¢cN+ and c¢NO has been reported (72).
The rate of occult nodal disease ranges from 10.2 and 22.4% in
patients with ¢NO parotid cancer (73) and from 10 to 40% in
patients with cN+ parotid cancer (48). According to the ESMO/
EURACAN/EURACAN and NCCN guidelines, management of
cNO can be different according to the primary site and the
presence of high-risk features. Elective neck dissection is
suggested in case of major salivary gland cancer in presence of
“high-grade and/or T3-4 tumours” (20, 74). Elective RT could be a
second option in high-risk patients that end up in this category
depending on definitive histopathology of the resected primary
(71). In case of primary from minor salivary glands of the head and
neck or sublingual gland, elective neck dissection is always
recommended (20, 74). In patients with cN+ all levels of the neck
are involved, as well as intra and peri-parotid nodes (72, 75, 76).
Considering the classical TNM of squamous cell carcinoma of the
upper airways, SGCs have a peculiar biology as no contralateral
nodal involvement is described, rarely metastases measure more
than 6 cm in diameter, and the role of extra-nodal extension is at
least debatable. This biology reflects on a different impact of nodal
involvement: the quantitative burden of nodal disease is an
important determinant with a progressive impact on prognosis,
while extranodal extension does not seem to impact on prognosis
(77). Intraparotid nodal involvement is another negative prognostic
factor that should be included in treatment planning (78). The
inclusion of the intraparotid lymph node status into the lymph node
assessment with the log odds of pN+ led to robust prognostication,
regardless of the T status (79). Therefore, the intraparotid node

frontiersin.org


https://doi.org/10.3389/fonc.2023.1264287
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Locati et al.

should be assessed after surgery in every single case and,
definitively, a novel N staging system tailored to major salivary
glands should be evaluated.

8 Systemic therapies for recurrent/
metastatic salivary gland cancers

Systemic therapies for recurrent/metastatic SGCs are
chemotherapy and targeted therapy for ACC and chemotherapy,
targeted therapy, hormonal therapy, and immunotherapy for non-
ACC. It is not clear which is the best therapeutic approach because
randomized trials are lacking. Chemotherapy provides a low
response rate in ACC (5-22%), while in other histotypes the
response rate ranges from 30 to 40%. However, the effect on
overall survival has not been demonstrated yet, but there is a
potential impact on quality of life (80). Chemotherapy is
generally reserved for palliative care for an advanced disease that
is not manageable with local therapies such as surgery and/or
radiation (80). ACC is a biphasic tumour consisting of
myoepithelial and epithelial cells, with MYB/MYB LI1-NFIB
rearrangements which occur in almost 65% of cases. The rate of
distant failure after curative treatment ranges from 40 to 50%, and
approximately 15% of cases have an aggressive disease course. No
standard of care system therapy for patients with metastatic disease
is currently available, and chemotherapy, anti-angiogenic agents,
and checkpoint inhibitors have limited activity. Noteworthy, despite
the biological variability of the disease, all patients are treated in the
same way. The aggressiveness of ACC depends on its molecular
profile and, in particular, on the mutational status of the NOTCH I
gene. About 15% of patients show mutations in NOTCH 1 gene,
most of them are located in the negative regulation PEST domain.
NOTCH-mutated patients have a peculiar phenotype with a solid
component, bone and liver metastases, and advanced stage IV (81);
NOTCH 1 mutations have been associated with a worse
prognosis (82).

In proteogenomic studies, consensus clustering identified two
distinct ACC subtypes, ACC-I (37%) and ACC-II (63%). ACC-I
had strong upregulation of MYC, MYC target genes, and mRNA
splicing, enrichment of NOTCH-activating mutations, and
dramatically worse prognosis. ACC-II exhibited upregulation of
TP63 and receptor tyrosine kinases (AXL, MET, and EGFR) and a
less aggressive clinical course. TP63 and MYC were sufficient to
assign tumours to ACC subtypes, which was validated in one
independent cohort by ITHC and two additional independent
cohorts by RNA-sequencing (83).

The presence of multiple targetable protein/pathways
alterations in each ACC subtype provides opportunities for
combination therapy for this disease (83). Potential drug targets
in ACC-I are PRMT5, NOTCH 1 (84), and BCL2, while in ACC-II
these are EGFR, AXL, and MEK/AKT pathways (83). Xenograft
models of ACC-I were responsive to PRMTS5 inhibition with a block
of tumour growth (85); AL101 determined tumour regression in
NOTCH activated ACC-I models and further synergic activity was
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observed when used in combination with BCL2 inhibitor or
palbociclib (86). The ACCURACY study investigated the
response to the NOTCH inhibitor AL101 in patients with
recurrent and/or metastatic ACC harbouring NOTCH activating
mutations (87), while the response rate was overall low (8.3 to
14.6%), the disease control rate was 66.7-70.7% and clinical benefit
was noted in a proportion of patients. To better understand the
biologic changes induced by pharmacologic NOTCH inhibition in
NOTCH-mutated ACC and guide rationale combinatorial therapy,
a window of opportunity trial is currently being conducted with the
gamma-secretase inhibitor AL101. AXL is another promising target
for therapy; in preclinical models inhibition of AXL by an antibody-
conjugated drug blocked tumour growth (88). TROP2 expression is
moderate to high in 86% of ACC, especially in ACC-II (89) and
sacituzumab govitecan can be potentially employed in SGC.
Tumor microenvironment resulted as different in two ACC
subtypes: in ACC-I more epithelial tumour cells and intratumoural
natural killer cells were counted, with a higher expression of Ki67
and B7-H4 and in the stroma more immune cells and cytotoxic T
cells were observed; in ACC-II there was a higher density of
fibroblasts and myoepithelial p63+ tumour cells (90). To
modulate the tumour microenvironment, axitinib and avelumab
were used in combination in recurrent/metastatic ACC, providing
disease control in most patients without significantly increasing the
response rate of historical data with axitinib alone (91).
Non-ACC is a highly heterogenous group of diseases, with
many druggable molecular targets. For instance, SDC is an
aggressive tumour characterized by overexpression of androgen
receptor in 80-90% of cases, HER2 overexpression with higher
variability (16-83%), and PI3KCA, HRAS, and BRAF mutations in a
lower rate (92). Androgen receptor (AR+) expression supports the
use of androgen deprivation therapy and several agents as
enzalutamide, abiraterone acetate, apalutamide- have been
employed to treat AR+ disease, with favourable outcomes in
terms of progression-free survival and overall survival (13). For
tumour overexpressing HER2, the use of Herceptin seemed to be
reasonable, but in a phase II study, trastuzumab given as a single
agent showed a low activity (93). The combination of trastuzumab
with docetaxel improved the outcomes with an overall response rate
of 70.2% (94). Many other trials are currently ongoing with anti-
HER?2 agents including new anti HER2 agents (95). The secretory
carcinoma carries ETV6-NTRK3 or ETV6-RET fusion in almost all
patients and can be treated with entrectinib (96) or larotrectinib
(97). Immunotherapy alone cannot provide a significant clinical
benefit, especially in ACC (98). Indeed, only high-grade tumours as
salivary duct seem to be enriched by PD-L1, compared to ACC,
generally defined as immune-excluded tumour (99). Data from
recent clinical trials with single agent immunotherapy (e.g.
pembrolizumab, nivolumab) are quite disappointing in term of
objective response rate (12% at maximum with pembrolizumab)
and progression-free survival (median, 4 months (100-103). Results
seem to improve with nivolumab and ipilimumab (104).
Remarkable, activity of this combination is higher in SDC (25%)
compared to non-ACC (16%) and ACC (6%), respectively,
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suggesting that immunotherapy is promising for very selected
histotypes. However, immune-checkpoints have been tested in
small patients cohorts with mixed histotypes, further evidence are
warranted to deepen the role of immune modulation in SGCs. In
addition, there is an urgent need for predictive biomarkers to guide
both the therapy and development of effective immuno-oncology
combination strategies.

As also recommended in the ESMO/EURACAN/EURACAN
guidelines (20), targeted therapy for advanced salivary gland
cancers should be based on molecular profiling: indeed,
MyPathway phase IIa multiple basket study achieved a 63% of
overall response rate with chemotherapy-free regimens matched to
specific molecular alteration (105). Clinical trials, however, are
warranted in these neglected cancers.

9 Conclusion

The current landscape of SGCs is rapidly evolving and impressive
advances have been done in the last few years in many fields,
including molecular characterization, surgery, radiotherapy, and the
development of novel systemic therapies. We have learned that is
mandatory to work in research networks to optimize the efforts.
Networks are crucial to allow the organization and management of
international clinical trials in rare diseases, as SGCs; specific research
plans are warranted to support the research in this field.
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Objective: To assess the effect of the number of positive lymph nodes (LNs) on
the overall survival (OS) of patients with submandibular gland cancer (SmGC).

Methods: Patients who had undergone neck dissection for SmGC were
retrospectively enrolled in this study. The effect of the American Joint
Committee on Cancer (AJCC) N stage, the number of positive LNs, LN size, LN
ratio, and extranodal extension (ENE) on OS and recurrence-free survival (RFS)
was evaluated using Cox analysis. Prognostic models were proposed based on
the identified significant variable, and their performance was compared using
hazard consistency and discrimination.

Results: In total, 129 patients were included in this study. The number of positive
LNs rather than LN ratio, LN size, and ENE was associated with OS. A prognostic
model based on the number of positive LNs (0 vs. 1-2 vs. 34+) demonstrated a
higher likelihood ratio and Harrell's C index than those according to the 7th/8th
edition of the AJCC N stage in predicting OS and RFS.

Conclusions: The effect of LN metastasis on OS and RFS was mainly determined
by the number of positive LNs. A validation of this finding is warranted in adenoid
cystic carcinomas that were not included in this study.

KEYWORDS

submandibular gland cancer, overall survival, AJCC stage, lymph node metastasis,
number of positive lymph nodes

Introduction

Salivary gland cancer, which accounts for approximately 3-5% of all head and neck
cancers, is a relatively uncommon malignancy (1). Neck stage is an important factor that
affects disease progression. It is determined by the 8th American Joint Committee on
Cancer (AJCC) classification, and it is formulated based on head and neck squamous cell
carcinoma (2). However, the two types of tumors show distinct differences in biological
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behavior (3), which leads to the question of whether the direct
application of this classification in salivary gland cancer is possible.

Current literature has proposed alternative lymph node (LN)
evaluation methods in patients with salivary gland cancer. Among
these methods, the number of positive LNs and extranodal
extension (ENE) have shown the greatest potential (4-8). A four-
category N stage based on the number of positive LNs (0 vs. 1-2 vs.
3-21 vs. 22+) was proposed by Aro et al. (4). This system provides
excellent survival stratification across all histologic types. Similarly,
a three-category N stage based on the number of positive LNs and
ENE was introduced by Lee et al. (5). This system was superior to
the AJCC N stage, enabling a more precise prognostic stratification.
Similar results have also been confirmed in other studies (6-8).
However, although the two subgroups have apparent differences in
proportions and disease prognosis, the origin of cancer from the
submandibular and parotid glands was analyzed as one variable in
these studies (9). The presence of an additional lymphatic drainage
pathway and positive parotid LN in parotid cancer, but no neck LN
metastasis, decreases disease control (10). Thus, the relationship of
these two factors to the prognosis of submandibular gland cancers
(SmGCs) remains unclear.

Therefore, the current study aimed to assess the prognostic
significance of LN metastasis burden and ENE in SmGCs.

Methods

This study was approved by the Xinxiang Medical University
Institutional Research Committee (No. CR2021670), and written
consent was obtained from all patients before the initial treatment.
The study was conducted according to the tenets of the Declaration
of Helsinki.

Study design

The medical records of patients who underwent surgical
treatment for SmGCs between January 2000 and December 2022
were retrospectively reviewed. The inclusion criteria were as
follows: the disease was primary; neck dissection had been
performed; the number of LNs examined was >10; and the
follow-up data could be obtained via outpatient follow-ups,
WeChat, email, telephone, or letters. The demographic
characteristics, pathology, treatment, and follow-up information
were also collected.

Study variables

All histopathologic sections were reassessed by two head and
neck pathologists to confirm the diagnosis. The tumor and neck
stages were graded according to the 7th/8th edition of the AJCC
classification. The histologic grade was classified as low,
intermediate, and high based on the 5" edition of the World
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Health Organization Classification of salivary gland tumors.
Perineural invasion (PNI) was considered positive if tumor cells
entailed either proper perineural or intraneural invasion.
Lymphovascular invasion (LVI) was considered positive if tumor
cells were present within a lymphovascular vessel. ENE was
considered positive if tumor cells were present outside the capsule
of the metastatic LN. LN size was defined as the largest diameter of
metastatic LNGs.

The primary outcome evaluated in this study was the overall
survival (OS). The secondary outcome was the recurrence-free
survival (RFS). OS time was calculated from the date of surgery
to the date of death or the last follow-up; this was censored at 60
months if the duration was longer than five years. RFS time was
calculated from the date of surgery to the date of first recurrence or
the last follow-up and was censored at 60 months if the duration
was longer than five years.

Treatment principle

Frozen sections of the submandibular gland tumor were
obtained routinely in cases where a malignant neoplasm was
suspected. Therapeutic neck dissection was performed in cases
with pathological or clinically positive LNs. Prophylactic neck
dissection was performed in cases with a T3/4 tumor,
surrounding tissue invasion, or other adverse features. The extent
of neck dissection included at least ipsilateral levels I-IIL

Statistical analysis

The association between the clinicopathologic factors and OS
was initially evaluated using univariate analysis. The factors
identified as significant in univariate analysis were then assessed
using the Cox model. The hazard ratio (HR) of the number of
positive LNs, which was assessed as 0 vs. 1 vs. 2 vs. 3 vs. 4+, was
calculated to distinguish the effect of different LN metastasis
burdens on OS. Subsequently, the optimal cut-off was determined
by using binary recursive partitioning analysis (RPA).

Four Cox regression models were constructed during the
second analysis. Hazard consistency and discrimination were
used to evaluate the two models. Hazard consistency referred to
the homogeneity of patients within the same subgroup with
similar outcomes; this was reflected by the likelihood ratio. A
value of > 0.5 indicated good hazard consistency. On the other
hand, hazard discrimination referred to the difference in outcomes
between patients of different subgroups with demonstrably
different outcomes. It was reflected by Harrell’s C-concordance
index. A higher hazard discrimination value indicated
better discrimination.

OS and RFS were analyzed using the Kaplan-Meier method and
compared using the log-rank test. All analyses were performed
using R 3.4.3 (R Core Tea, Vienna, Austria). A p-value0.05 was
considered statistically significant.
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Results
Baseline data

In total, 129 patients (56 men and 73 women; mean age: 48 + 18
years) were included in this study. The tumor stage was T1 in 15
patients, T2 in 36 patients, T3 in 54 patients, and T4 in 24 patients. The
8th edition of the AJCC N stage was NO in 59 patients, N1 in 31
patients, N2 in 26 patients, and N3 in 13 patients. The 7th edition of
the AJCC N stage was NO in 59 patients, N1 in 35, N2 in 24, and N3 in
11 patients. ENE was observed in 15 patients, PNI in 27 patients, and
LVTin 24 patients. Positive margins were observed in five patients. The
most common histopathologic type observed was mucoepidermoid
carcinoma (MEC; n=84), followed by myoepithelial carcinoma (n=20)
(Table 1; Supplementary Table 1). The histologic grade was low in 17
patients, intermediate in 75, and high in 37.

Beyond levels I-III, level IV was dissected in 77 patients.
Among these patients, level V was resected in 18 patients. The
median and mean number of examined LNs were 29 (range: 11-46)
and 28 + 10, respectively. Among the patients with metastatic
disease, 31 had one positive LN, 20 had two positive LNs, 13 had
three positive LNs, and 6 had four or more positive LNs. The mean
number of positive LNs was 1.9 + 1.0.

Adjuvant radiotherapy was performed in 87 patients with a
median dose of 56 Gy. Among these patients, 28 patients also
received adjuvant chemotherapy. The median follow-up duration
was 5.3 (range: 0.2-17) years. Forty patients died during the study
period; 29 deaths among these were caused by the disease.

Univariate analysis

In the univariate analysis, tumor stage, the 7th and 8th neck
stages, histologic grade, PNI, positive margin, the ratio of positive to

TABLE 1 Histologic type distribution of submandibular gland cancer.

Cancer type \|

High grade (n=37)

Mucoepidermoid carcinoma 22
Duct carcinoma 10
Adenocarcinoma not otherwise specified 5

Intermediate grade (n=75)

Mucoepidermoid carcinoma 55

Myoepithelial carcinoma 20

Low grade (n=17)

Mucoepidermoid carcinoma 7
Acinic cell carcinoma 5
Pleomorphic low-grade adenocarcinoma 3
Basal cell carcinoma 1
Epithelial-myoepithelial carcinoma 1
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total LNs, and treatment were statistically related to OS (Log-rank
test, all p<0.05). In contrast, ENE, nodal yield, and level
involvement type had no significant effect on OS (Log-rank test,
p=0.107, p=0.692, and p=0.554, respectively) (Table 2).

Prognostic model construction

In multivariate model 1, tumor stage, histologic grade, PNI,
positive margin, and treatment were included. The number of
positive LNs was associated with OS in the univariate analysis
(Figure 1C). In the Cox analysis, compared with no LN metastasis,
the presence of one and two metastatic LNs showed an HR of 1.89,
95% CI [1.22-3.47] and 2.02 [1.47-5.79], respectively, groups of
three and four or more positive LNs had an HR of 4.78 [2.16-10.33]
and 5.0 [2.33-18.17], respectively, it is likely that OS decreased with
the increase of metastatic LN burden (Table 3). Other independent
factors included stage T3/4 (2.87 [1.34-5.67], p=0.011; 4.29 [1.91-
18.12], p<0.001), high histologic grade (3.18 [1.33-17.58], p<0.001),
and positive margin (5.18 [2.02-18.38], p<0.001).

After RPA analysis, additional subgroups based on the number
of metastatic LNs were formulated (model 2; 0 vs. 1-2 vs. 3+). The
three subgroups had significantly different OS rates in the univariate
analysis (Figure 1D). Multivariate model 2 revealed that compared
with the no metastasis group, the groups of 1-2 and 3+ positive LNs
had a HR of 1.99, 95% CI [1.35-4.26] and 4.98 [2.31-16.99]. The
two subgroups also had statistically significant differences in terms
of the impact on prognosis indicated by HRs (Table 3). Other
independent factors included stage T3/4 (3.91 [1.58-8.43], p=0.001/
6.806 [3.12-20.73], p<0.001), high histologic grade (5.02 [2.01-
18.33], p<0.001), PNI (2.12 [1.47-4.87], p=0.028), and positive
margin (4.08 [2.13-9.05], p<0.001). This model demonstrated a
likelihood ratio of 0.574 and a Harrell’s C index of 0.703.

Comparison with the AJCC N stage

Based on the univariate analysis, a multivariate model 3
including tumor stage, neck stage defined by the 7 AJCC neck
stage, histologic grade, PNI, positive margin, and treatment was
constructed to assess the reliability of the 7th edition of the AJCC N
stage in predicting OS. Compared with the NO stage, LN metastasis
significantly decreased the OS. However, the HRs of N2 (4.21 [1.90-
12.64]) and N3 (4.38 95% CI [2.05-15.38]) were comparably high
(Figure 1B; Table 3). Other independent factors included stage T3/4
(2.33 [1.28-5.44], p=0.016/4.39 [2.12-8.36], p<0.001), high
histologic grade (3.22 [1.81-9.13], p<0.001), PNI (1.98 [1.22-
3.23], p=0.011), and positive margin (5.30 [2.11-16.15], p<0.001).
This model demonstrated a likelihood ratio of 0.427 and a Harrell’s
C index of 0.689.

Another multivariate model 4 was developed to evaluate the
reliability of the 8th edition of the AJCC N stage. Compared with
the NO stage, N1 (HR 1.80 95%CI [0.83-3.33]) disease did not
significantly alter the OS, and the negative impact of LN metastasis
did not occur until the development of N2 (6.38 [2.78-15.37])
disease. The groups of N2 and N3 had analogous HRs (Figure 1A;

frontiersin.org


https://doi.org/10.3389/fonc.2023.1229493
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wang and Shi

TABLE 2 Univariate analysis of predictors for overall survival in

submandibular gland cancers.

Factors p HR[95%CI]
Age (<50/= 50) 0.328 2.87[0.78-6.39]
Sex (Male/female) 0.113 2.16[0.35-20.53]
Tumor stage

T1 ref

T2 0.432 1.90[0.64-4.28]

T3 0.024 2.35 [1.28-7.69]

T4 <0.001 3.17[1.45-9.24]
7" Neck stage

NO ref

N1 0.327 1.90 [0.87-4.67]

N2 0.011 2.89 [1.45-8.73]

N3 <0.001 4.07[1.90-10.37]
Extranodal extension 0.107 3.11[0.85-18.22]
8™ Neck stage

NoO ref

N1 0.425 1.88 [0.69-6.14]

N2 0.010 2.26 [1.37-9.52]

N3 <0.001 4.67[1.66-11.53]
Number of positive lymph nodes

0 ref

1 0.043 1.86 [1.36-6.48]

2 0.028 2.13 [1.44-8.19]

3 <0.001 4.38 [1.80-10.67]

4+ <0.001 5.39 [2.11-15.26]
Number of positive lymph nodes

0 ref

1-2 0.034 2.05 [1.42-7.59]

3+ <0.001 5.00 [1.94-14.32]
Pathologic type (Mucoepidermoid cancer/others) 0.489 2.10[0.50-8.66]
Histologic grade

Low ref

Intermediate 0.111 2.90 [0.62-13.27]

High <0.001 6.29[2.01-17.63]
Perineural invasion 0.016 2.97[1.45-8.17]
Lymphovascular invasion 0.247 3.03[0.75-7.26]
Positive margin 0.037 4.17[1.56-8.99]
Level involvement type (I-III/IV-V) 0.554 2.88[0.64-8.22]
Nodal yield (~29/29+) 0692 | 3.16[0.42-18.57]
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TABLE 2 Continued

Factors p HR[95%ClI]
Treatment*
S ref
S+R 0.135 1.89 [0.45-7.62]
S+R+C 0.036 2.18[1.26-7.90]

* S, surgery; R, radiotherapy; C, chemotherapy.

Table 3). Other independent factors included stage T3/4 (2.52
(1.32-6.18], p=0.017/4.30 [2.01-8.75], p<0.001), high histologic
grade (4.23 [1.99-10.43], p<0.001), PNI (2.12 [1.33-6.44],
p=0.031), and positive margin (7.33 [2.67-17.44], p<0.001). This
model demonstrated a likelihood ratio of 0.401 and a Harrell’s C
index of 0.671.

Both models had inferior likelihood ratios and Harrell’'s C
indices compared with the model based on the number of
metastatic LNs (0 vs. 1-2 vs. 3+).

Second outcome variable analysis

RFS was an essential supplement to OS for prognosis
evaluation. All the 7™ and 8™ AJCC N stages, and LN metastasis
burden exhibited a significant impact on RFS (Figure 2) (Log-rank
test, all with p<0.001). Still, prognostic model based on the number
of metastatic LNs (0 vs. 1-2 vs. 3+) showed a likelihood ratio of
0.543 and a Harrell’s C index of 0.689, it was superior to those in
models according to the the 7 (likelihood ratio: 0.468; Harrell’s C
index: 0.674) and 8™ (likelihood ratio: 0.453; Harrell's C index:
0.645) AJCC N stages.

Discussion

The most valuable finding in the current study was that the
number of metastatic LNs offered better OS stratification than the 7th
and 8th editions of the AJCC N stage, it could provide additional
information while screening real patients at high risk of mortality.

Neck status is an important prognostic factor as mentioned, and
the survival rate could decrease by half even with only one metastatic
LN (11, 12). The 7" edition of the AJCC N stage evaluated the
number, size, and laterality of positive LNs. In contrast, ENE was
considered in the 8" edition of the AJCC N stage (2). Although both
stages were formulated based on head and neck squamous cell
carcinoma (3), the occurrence of contralateral neck LN metastasis in
major salivary gland cancer was very uncommon, and the prognostic
significance of ENE has remained controversial (13-15). Therefore,
some scholars aimed to develop other alternative N stages. Aro et al.
(4) were the first to uncover the phenomenon and enrolled 4520 cases
of salivary gland cancers in their study. It was observed that OS
worsened without plateauing as the number of metastatic LNs
increased. The mortality risk was obvious for those with up to four
LNs and then gradually stabilized in those with additional LNs> 4.
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Overall survival plots of different lymph node (LN) status. (A) Survival plot for the 8th AJCC N stage: a significant difference existed among the NO,
N1, N2, and N3 groups (Log-rank test, p<0.001); (B) Survival plot for the 7th AJCC N stage: a significant difference existed among the NO, N1, N2,
and N3 groups (Log-rank test, p<0.001); (C) Survival plot for the LN metastasis burden: significant difference existed among groups with different
metastatic burden (Log-rank test, p<0.001); and (D) Survival plot for different number of metastatic LNs: significant difference existed among the

different subgroups (Log-rank test, p<0.001).

Aro et al. might be the first to demonstrate a new LN assessment
method based on the number of metastatic LNs (0 vs. 1-2 vs. 3-21
vs. 222), its prognostic model exhibited greater accuracy than the
8th edition of the AJCC N stage in predicting OS (4). Lombardi
et al. (8) introduced three novel N-classifications according to the
number of metastatic nodes (0 vs. 1-3 vs. > 4) and/or their
maximum diameter (<20 mm vs. > 20 mm) that showed better
performance in OS stratification. Lin et al. (14) showed a three-
category LN evaluation method of 1 vs. 2-7 vs. 8+ metastatic LNs
exhibited better DSS and OS predictive efficacy than AJCC N stage
based on 895 patients with T-4N-3MO parotid gland carcinoma.
Han et al. (15) compared the prognostic value of three models
according to the number of metastatic LNs, and found neck
classification of 0/1 vs. 2-4 vs. 5+ positive LNs had the best
survival prediction in 1689 parotid adenoid cystic cancer patients.
Elhusseiny et al. (16) reported that >4 metastatic LNs were
associated with worse survival in major salivary gland cancer.
Although these studies confirmed the effect of the number of
positive LNs on survival in salivary gland cancer, SmGC was not
included for analysis (14, 15), or SmGC only accounted for a very
small proportion (less than 10%) of this sample size (4, 8, 16). The
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two main differences, intraglandular LN presence and surgical
strategy, between the parotid and submandibular glands, led to
the necessity of validating the impact of the number of positive LNs
on SmGC.

We noted that the impact was mainly influenced by the number
of positive LNs rather than the ratio of positive to total examined
LNs or LN size or level involvement type in SmGC. This finding is
significant in that it revealed the inadequacy of the AJCC N stage as
the presence of one positive LN could indicate N1, N2, or N3 stage
in the AJCC N stage; however, patients with one metastatic LN had
comparable OS independent of other LN factors. In addition, this
study provided the underlying mechanism for explaining the
superiority of prognostic model based on the number of
metastatic LNs with a higher likelihood ratio and Harrell’s C index.

Nevertheless, conflicted results have been reported by other
studies. Cho et al. (17) analyzed the outcome of 99 patients with
SmGC. They reported that the ratio of positive to total LNs> 0.15
was related to a nearly 3-fold or higher increase in the risk of
locoregional recurrence, distant metastasis, and death. Level IV/V
metastasis tended to promote distant metastasis or disease
recurrence. However, the authors did not provide the data of the
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TABLE 3 Prognostic model construction based on different lymph node

(LN) evaluation methods.

Multivariate analysis p HR [95%ClI]
Model 1
Number of metastatic LNs
0 ref
1 0.015 1.89 [1.22-3.47]
2 0.003 2.02 [1.47-5.79]
3 <0.001 4.78 [2.16-10.33]
4+ <0.001 5.0 [2.33-18.17]
Tumor stage
T1 ref
T2 0.244 1.90 [0.76-5.33]
T3 0.011 2.87 [1.34-5.67]
T4 <0.001 429 [1.91-18.12]
Histologic grade
Low ref
Intermediate 0.117 2.52 [0.54-12.11]
High <0.001 3.18 [1.33-17.58]
PNI¥ 0.327 2.08 [0.75-8.31]
Positive margin <0.001 3.18 [1.33-17.58]
Treatment*
S ref
S+R 0.522 1.94 [0.57-6.13]
S+R+C 0.275 3.06[0.64-15.43]
Model 2
Number of metastatic LNs
0 ref
1-2 0.002 1.99[1.35-4.26]
3+ <0.001 4.98[2.31-16.99]
Tumor stage
T1 ref
T2 0.278 2.19[0.73-6.16]
T3 0.001 3.91 [1.58-8.43]
T4 <0.001 6.806 [3.12-20.73]
Histologic grade
Low ref
Intermediate 0.221 2.08[0.72-12.74]
High <0.001 5.02 [2.01-18.33]

Frontiers in Oncology

(Continued)

116

TABLE 3 Continued

10.3389/fonc.2023.1229493

Multivariate analysis p HR [95%Cl]
PNI 0.028 2.12 [1.47-4.87]
Positive margin <0.001 4.08 [2.13-9.05]
Treatment

S ref
S+R 0.517 3.21[0.73-17.22]
S+R+C 0.367 4.05[0.62-20.18]

Model 3

AJCC 7™ N stage

NoO ref

N1 0.023 1.78 [1.25-4.02]

N2 <0.001 4.21 [1.90-12.64]

N3 <0.001 4.38 [2.05-15.38]
Tumor stage

T1 ref

T2 0.175 1.99 [0.82-4.57]

T3 0.016 2.33 [1.28-5.44]

T4 <0.001 4.39 [2.12-8.36]
Histologic grade

Low ref

Intermediate 0.190 2.04 [0.69-7.43]

High <0.001 3.22 [1.81-9.13]
PNI 0.011 1.98 [1.22-3.23]
Positive margin <0.001 5.30 [2.11-16.15]
Treatment

S ref

S+R 0.326 2.45 [0.74-6.38]

S+R+C 0.222 3.26 [0.62-9.00]

Model 4

AJCC 8" N stage
NO ref
N1 0.125 1.80[0.825-3.33]
N2 <0.001 6.38 [2.11-17.62]
N3 <0.001 6.77 [2.78-15.37]
Tumor stage
T1 ref
T2 0.275 1.98 [0.61-5.38]
T3 0.017 2.52 [1.32-6.18]
T4 <0.001 4.30 [2.01-8.75]

(Continued)
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TABLE 3 Continued

Multivariate analysis p HR [95%ClI]
Histologic grade
Low ref
Intermediate 0.523 3.21 [0.43-8.15]
High <0.001 4.23 [1.99-10.43]
PNI 0.031 2.12 [1.33-6.44]
Positive margin <0.001 7.33 [2.67-17.44]
Treatment
S ref
S+R 0.633 3.17 [0.73-8.13]
S+R+C 0.524 4.05 [0.62-10.08]
* S, surgery; R, radiotherapy; C, chemotherapy.
& PNI, Perineural invasion.
A NO w= NI e N2 e N3
1.00
075
(2]
& 050
0.25
p <0.0001
0.00
0 1 2 3 4 5
Time(years)
2 Number at risk
Q | 59 59 55 53 47 45
o = |3 31 24 21 18 13
<=2 24 19 17 13 7
= 13 13 10 7 3 2
= 0 1 2 3 4 5
Time(years)
c 0 = 1 == 2 — 3 = 4+ =
1.00 —I—I—r‘—:h‘-\T&_A_ﬁ
2 - L&
2
2 075
3
E
=
T 050
025
p <0.0001
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least number of required examined LNs, which prevented further
clinical application. Shi et al. (18) divided 376 patients with major
salivary gland cancer into three groups: extent 1 referred to level I or
parotid LN metastasis, extent 2 referred to level II-IV metastasis,
and extent 3 referred to level V or bilateral or rare LN metastasis.
Cox analysis revealed clear OS curve separation, whereas the AJCC
N classification failed to discriminate the prognosis of the N1 and
N2 groups. If the two variables were incorporated into the same Cox
analysis, the former would remain an independent prognostic
factor, whereas the AJCC N classification would lose significance.
We failed to validate the association between the level involvement
type and OS, and the difference was partially explained by different
inclusion criteria. Unfortunately, no more similar literature was
available for comparison.

ENE is another critical prognostic factor that is usually a reliable
indicator for the requirement of adjuvant chemotherapy and poor
prognosis in patients with head and neck squamous cell carcinoma
(19). However, its role in salivary gland cancer has not been studied,

B N0 — NI — N2 — N3 -
1.00
0.75
4
& 050
0.25
p <0.0001
0.00
0 1 2 3 4 5
Time(years)
= Number at risk
[ J— 59 55 53 47 45
2 — |28 28 22 19 16 1
T =12 25 19 17 13 7
g 16 15 12 9 5 4
0 1 2 3 4 5
Time(years)
D [ 1-2 —_ 3+ —
1.00
0.75
4
& 050
0.25
p <0.0001
0.00
0 1 2 3 4 5
Time(years)
2 Number at risk
2= s9 59 55 53 47 45
g = |51 51 44 39 31 20
E T 19 17 9 6 3 2
5 0 : | 2 3 4 5
Time(years)

Recurrence-free survival plots of different lymph node (LN) status. (A) Survival plot for the 8th AJCC N stage: significant difference existed among
the NO, N1, N2, and N3 groups (Log-rank test, p<0.001); (B) Survival plot for the 7th AJCC N stage: significant difference existed among the NO, N1,
N2, and N3 groups (Log-rank test, p<0.001); (C) Survival plot for the LN metastasis burden: significant difference existed among groups with different
metastatic burden (Log-rank test, p<0.001); and (D) Survival plot for different number of metastatic LNs: significant difference existed among the

different subgroups (Log-rank test, p<0.001).
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and the reported conclusions were contradictory. Lee et al. (5)
reported both LN+ number and ENE were independently
associated with OS and that the effect of ENE was comparable
with that of two or more positive LNs. Their proposed N stage (NO:
0 LN+; N1: 1 LN+; N2: 22 LN+ or ENE) had better OS prediction
than the 7th/8th edition of the AJCC N staging. However, in a study
by Hsieh et al. (13), 51% of the sample developed ENE and had a
higher possibility of the incidence of advanced N stage and a greater
number of positive LNs, LVI, and PNI. Nevertheless, the OS was
like that of those without ENE after adjusting for the number of
positive LNs. Comparable results were also described by other
authors and us (4, 7, 8, 10, 17), which elucidated that ENE in
salivary gland cancer might not demonstrate any influence on
survival but was correlated directly with adverse pathologic
features that affected the prognosis (10). Thus, the further
discussion of the current AJCC N stage and the superiority of our
prognostic model based on LN metastasis burden were emphasized.

The current study had some limitations that must be
acknowledged. First, there was inherent bias due to the
retrospective design of the study. Second, our findings were based
on a single constitution; thus, external validation is required before
clinical application. Lastly, we did not enroll patients with adenoid
cystic carcinoma; hence, it remained unknown whether the finding
was suitable for other salivary gland cancers.

In summary, LN metastasis significantly affected OS in SmGC,
and the impact was mainly determined by the number of positive LNs
rather than other LN factors. A validation of this finding is warranted
in adenoid cystic carcinomas that were not included in this study.
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