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Adenoid cystic carcinoma (AdCC) is a salivary gland neoplasm that infrequently appears in the
sinonasal region. The aim of this study was to evaluate the outcome and clinicopathological
parameters of sinonasal AdCC. A retrospective analysis was conducted on all cases of AdCC affecting
the nasal cavity or paranasal sinuses between 2000 and 2018 at the University Hospital Zurich. Tumor
material was examined for morphological features and analyzed for molecular alterations. A total of
14 patients were included. Mean age at presentation was 57.7 years. Sequencing revealed MYB::NFIB
gene fusion in 11/12 analyzable cases. Poor prognostic factors were solid variant (p <0.001),
histopathological high-grade transformation (p <0.001), and tumor involvement of the sphenoid sinus
(p=0.02). The median recurrence-free survival (RFS) and OS were 5.2 years and 11.3 years. The RFS
rates at1-, 5-, and 10-year were 100%, 53.8%, and 23.1%. The OS rates at 1-, 5-, and 10- years were
100%, 91.7%, and 62.9%, respectively. In Conclusion, the solid variant (solid portion > 30%), high-
grade transformation, and sphenoid sinus involvement are negative prognostic factors for sinonasal
AdCC. A high prevalence of MYB::NFIB gene fusion may help to correctly classify diagnostically
challenging (e.g. metatypical) cases.

Adenoid cystic carcinoma (AdCC) is a rare malignant epithelial neoplasm that arises primarily from the major
salivary glands but can also occur in other sites such as the minor salivary glands of the oral cavity and the
sinonasal tract (comprising the nasal cavity and paranasal sinuses), the skull base as well as the nasopharynx'.
It is known for its slow, but aggressive growth, perineural invasion®™, high frequency of recurrence’, and poor
long-term prognosis®’. Sinonasal AdCC, has a worse prognosis due to difficulty in achieving clear margins
and proximity to vital structures®. The rate of local invasion is significantly higher in the paranasal sinus than
in other anatomic sites, resulting in an advanced tumor stage at diagnosis®~''. Symptoms at initial presentation
of sinonasal AdCC typically include nasal obstruction, epistaxis, facial pain, or dysesthesiag'”. The standard
diagnostic work-up for AdCC is a combination of state-of-the-art cross-sectional imaging studies and hybrid
whole-body PET imaging’, followed by tumor exploration and biopsy under general anesthesia including a
thorough histopathological analysis'. The first-line therapy for AACC is typically surgical resection, often
followed by radiotherapy'+'>.

Predictors affecting survival in sinonasal AACC include age, comorbidity status, and advanced tumor stage's.
Surgical intervention is associated with improved survival, while the role of radiotherapy and chemotherapy
requires further investigation'®.
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Histologically, AACC is a basaloid tumor composed of epithelial and myoepithelial cells, which typically
exhibits a mixed growth pattern of tubular, cribriform, and/or solid structures'’~*°. The solid variant is recognized
as a risk factor and is often linked to aggressive behavior and poor outcomes?*?!. Three grading systems for
AdCC are currently proposed, including the Spiro?, Perzin/Szanto?*, and van Weert system?. The Spiro and
Perzin/Szanto gradings are based on the proportion of the solid tumor component (>50%, >30%). The van Weert
system, scores the mere presence of a solid growth pattern. Other pathological prognostic factors include a high
mitotic index and high-grade transformation (defined as comedo-type tumor necrosis, frequent mitoses, marked
nuclear atypia and desmoplastic stromal reaction)*>?. In addition to these subtypes, AdCC may also exhibit a
metatypical variant, predominantly found in the sinonasal tract. It is characterized by trabecular architecture,
macrocystic growth, and squamous, as well as sebaceous differentiation?®*. However, the prognostic value of
this new subtype is not fully understood™.

The diagnosis of AACC is not only challenging due to its morphological diversity, but also due to its
similarity to other tumors, such as Human Papillomavirus-Related Multiphenotypic Sinonasal Carcinoma
(HMSC), formerly known as Human Papillomavirus-Related Carcinoma with Adenoid Cystic-like Features®-*%
Additionally, over the past decade, several new and distinct histopathological entities of sinonasal cancer types
have been identified and new subtypes continue to emerge****. Considering these challenges, a clinicopathological
retrospective study on sinonasal AACC has been conducted to determine its outcome and prognostic factors,
with a particular focus on the histopathological and molecular features.

Materials and methods

Study design

A retrospective analysis was conducted on all cases with clinical diagnosis of AdCC affecting the nasal cavity, the
paranasal sinuses, or tumor invasion in these regions that were treated between 2000 and 2018 at the Department
of Otorhinolaryngology/Head and Neck Surgery at the University Hospital of Zurich (Switzerland). Clinical data
were obtained from the hospital records. This study received approval from the ethical committee of the Canton
of Zurich, Switzerland (approval number: BASEC 2020-01663). Written informed consent has been obtained
from patients included from 2016 onwards. For older samples/data, a informed consent waiver was granted by
the ethics committee. No patient with documented refusal to participate was included.

Pathological work-up

All patients’ diagnoses were confirmed by an experienced head and neck pathologist (NJR). In unusual cases,
additional p16 staining, and HPV high-risk in situ hybridization or HPV DNA PCR was performed to identify
the morphological mimicker HMSC. Tumor material of included cases was tested for molecular alterations
using our updated and validated version 2 of the “SalvGlandDx” Next Generation Sequencing panel as described
previously™. In brief, the RNA-based panel covers relevant fusion genes, including MYB and MYBLI, and is able
to detect the canonical (MYB::NFIB, MYBL1::NFIB), and novel/unusual fusions of these genes. In addition, this
updated version of the “SalvGlandDx” panel includes NOTCH]I. All specimens were examined for morphology
and perineural/lymphovascular invasion. In accordance with the grading system proposed by Szanto, the solid
variant was defined as comprising more than 30% of the tumor?. In addition, the mitotic index (> 5 mitoses per
10 high power fields, 1 HPF=0.25 mm?) was determined.

Statistical methods

Descriptive statistics were used to evaluate the baseline characteristics of the included patients. To evaluate
the association of various clinicopathological factors with OS and RFS, a univariate analysis was performed.
Kaplan-Meier curves were generated to assess the survival outcomes. 95% confidence intervals (= CI) were
calculated to account for the precision of the estimated effects. Prognostic factors were analyzed using the log-
rank test, allowing for the comparison of survival curves. Statistical significance was assessed using a significance
level of p <0.05, indicating a statistically significant association. Median survival or follow-up time was estimated
using the reverse Kaplan-Meier function. The statistical analyses are considered exploratory, no adjustment
for multiple testing was done. All analyses were computed using R (version 4.2.2.). This study adhered to the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.

Ethics approval

We declare that our research was conducted in accordance with ethical principles and guidelines. This study
received approval from the ethical committee of the Canton of Zurich, Switzerland (approval number: BASEC
2020-01663).

Results

Patient and tumor characteristics

All samples analyzed were obtained between 2000 and 2018. A total number of n=16 cases with clinical
diagnosis of AACC were reevaluated histologically, while two cases were (re)classified and excluded as HMSC,
one of which had been published in a previous work®. Thus, our series included n= 14 patients with confirmed
histopathological diagnosis of AACC. For three patients, the date of diagnosis and the initiation of therapy
occurred before the year 2000. The study comprised eight women (57.1%) and six men (42.9%). The mean age
at diagnosis was 57.7 (£ 16.1) years, ranging from 30 to 85 years. Presenting symptoms were reported in n=13
(92.9%) patients. The tumor epicenter was mostly located in the nasal cavity (n=6, 43%). In all patients except
one (92.9%), multiple anatomic subsites were involved. The most frequently affected subsites were the nasal
cavity (n=9, 64.3%) and the paranasal sinuses (n=8, 57.1%), whereby the maxillary and sphenoid sinus were
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most affected, each with five cases (35.7%). Invasion into adjacent structures was observed at the skull base (n=7,
50%), the pterygopalatine fossa (n=4, 28.6%), and the orbital cavity (n=3, 21.4%). Clinical staging information
was available for all patients except one (n=13, 92.9%). 11 out of 13 patients had locally advanced tumor stage
(stage IV, 84.6%)*”. One patient (7.1%) showed lymph node involvement and one (7.1%) presented with distant
metastasis in the lungs and brain at the time of diagnosis. Table 1 provides detailed information on patient and
tumor characteristics.

Treatment characteristics

All patients were treated with a curative approach. Half of the patients (n=7, 50%) were treated with a
combination of surgery and adjuvant (n=6, 42.9%) or neoadjuvant (n=1, 7.1%) radiotherapy. Six patients
(42.9%) underwent monotherapy, with four (28.6%) receiving radiation therapy and two (14.3%) receiving
surgery. One patient (7.1%) underwent a multimodal approach consisting of surgery, radiation therapy, and
chemotherapy. Among the 10 patients receiving surgery, 70% underwent open surgery (n="7), and 30% of these
cases involved endoscopic resection (n=3). Data regarding tumor resection margins were limited to four patients,
with an equal distribution between positive (n =2) and negative (n=2) margins.

Outcome

All patients except one (92.9%) achieved complete remission under first-line therapy. However, of the 13 patients
with remission, all developed recurrence (92.3%), except for one patient (7.7%) with a current follow-up of
9.8 years. All relapses were local (91.7%), except for one patient (8.4%) who developed distant metastasis in the
lung. Two patients had extraordinarily long recurrence-free survival (RFS) of 15.7 and 16.3 years, while all other
patients experienced recurrence within 7.2 years. The median RFS was 5.2 years. Our patients’ 1-, 5-, 10-, and
20-year RFS rates were 100% (95% CI 100%), 53.8% (95% CI 32.6-89.1%), 23.1% (95% CI 8.6-62.3%), and 0%
(95% CI 0-100%) respectively (Fig. 1A).

The median follow-up time for all patients was 10.3 years. The two patients who had an especially long RFS
also experienced a long follow-up time of 26.3 and 46.5 years. All other patients had a maximum follow-up time
of 12.6 years. Three patients (21.4%) were lost to follow-up after 1, 2.5, and 8.6 years, all of whom had experienced
major tumor progression at their last follow-up. Three patients from our series (21.4%) are still alive, with an
average follow-up duration of 8.4 years. All other patients (78.6%) died with stable or progressive disease. The
median OS was 11.3 years and the OS rates at 1-, 5-, 10- and 20-years were 100% (95% CI 100%), 91.7% (95% CI
77.3-100%), 62.9% (95% CI 39.5-100%) and 31.4% (95% CI 10.6-93%) respectively (Fig. 1B).

Characteristics n (%)
Total sinonasal AACC 14 (100)
Symptoms at diagnosis 13 (100)
Nasal obstruction 5(38.5)
Dysesthesia 5(38.5)
Headache 4(30.8)
Pain 3(23.1)
Epistaxis 3(23.1)
Eye symptoms 3(23.1)
Other symptoms (e.g. swelling or paralysis) 5(38.5)
Tumor epicentre 14 (100)
Nasal cavity 6 (43)
Nasopharynx 3(21.4)
Pterygopalatine fossa 2(14.3)
Maxillary sinus 2(14.3)
Sphenoid sinus 1(7.1)
TNM staging 13 (100)
cT2 1(7.7)
cT3 1(7.7)
cT4a 4(30.8)
cT4b 5(38.5)
cT4 not further classified 2(15.4)
cNO 13 (92.3)
cN+ 1(7.7)
cMO0 13(92.3)
cM+ 1(7.7)

Table 1. Patient and disease characteristics. AdCC adenoid cystic carcinoma, n number of patients.
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Figure 1. (A,B) Kaplan-Meier curves for recurrence-free survival (A: RFS) and overall survival (B: OS). The
x-axis represents the time in years from the end of the initial therapy to the event of recurrence (A) or from

the date of diagnosis to mortality (B).The solid line represents the estimated survival function for either RFS

or OS, and the dashed lines show the 95% confidence intervals. For OS: Number at risk at 0, 5, 10, 20, 30, and
40 years respectively: 14(0), 11(0), 7(2), 2(3), 1(3), and 1(3), with numbers in parentheses indicating censored
cases. For RFS: Number at risk at 0, 5, 10, and 15 years respectively: 13(0), 7(0), 2(1), and 2(1), with numbers in
parentheses representing censored cases.

Prognostic factors

Stratifying the patients by all available prognostic factors revealed no evidence that sex was associated with
survival (p=0.3). Neither did we observe any symptoms to be indicative of poor survival. Our analysis found
that the only anatomical site associated with poorer OS was the sphenoid sinus (p=0.02). Additionally, tumors
with the epicenter located within the sphenoid sinus showed a stronger association with OS (p <0.001) compared
to those just involving the sphenoid sinus. Treatment modality was not associated with survival outcomes. It
should be noted that the small sample size limits the generalizability of these findings.
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Molecular and histopathological work-up

At our institute, n =16 patients were evaluated with the diagnosis of sinonasal AACC treated between 2000 and
2018. Out of 16 cases, two (12.5%) could be reclassified as HMSC and were excluded from the study. From the
remaining n = 14, two cases (14.3%) could not be sequenced due to poor RNA quality, but the morphology was
typical for AACC. Out of all analyzable cases (n=12), MYB::NFIB gene fusion was detected in 11 cases (91.7%).
No MYBLI::NFIB gene fusion or NOTCH] alteration was detectable.

The predominant growth patterns most frequently observed among the study subjects was tubular-cribriform
(n=11, 78.6%), followed by tubular-trabecular (n=2, 14.3%), and solid growth pattern (n=1, 7.1%) (solid
portion >30%). Out of all cases four subjects (28.6%) had lesser proportions of solid growth (<30%) and were
therefore not classified as solid variant. Three subjects (21.4%) had areas compatible with so called metatypical
AdCC, however, we did not observe squamous differentiation. Table 2, Figs. 2 and 3 provide detailed information
on the histological features.

Analyzing the outcome based on pathological features, we identified that there was evidence that the solid
variant (>30% solid growth, p <0.001) and a high-grade transformation (p <0.001) were associated with worse
OS, while other factors such as necrosis (p=0.3), sclerosis (p=1), cystic spaces (p=1), or perineural (p=0.5) /
lymphovascular invasion (p=0.5) or other growth patterns showed no evidence of association. Our investigation
of whether solid parts (<30%), are a risk factor for poor OS, yielded no evidence to suggest an association
(p=0.2). Presence of the MYB::NFIB gene fusion did not reveal evidence of an association with OS (p=0.8).
Furthermore, we revealed no evidence of a link between poor OS and metatypical morphology (p=0.8). The
extent to which some of these findings can be generalized is restricted due to the limited sample size.

Histological characteristics | n (%)
Total AACC 14 (100)
Predominant growth pattern
Tubular-cribriform 11 (78.6%)
Tubular-trabecular 2 (14.3%)
Solid (>30%) 1(7.1)
Histological features

Solid parts (<30%) 4(28.6)
Necrosis 3(21.4)
Sclerosis 1(7.1)
Cystic changes 1(7.1)
Perineural invasion 6(42.9)
Angioinvasion 3(214)
High mitotic index 4(28.6)
High-grade transformation 2(14.3)
Metatypical 3(21.4)

Table 2. Histological characteristics. AACC adenoid cystic carcinoma, n number of patients.

Figure 2. Hematoxylin and eosin (H&E) staining of AdCC: Typical case with tubular-cribriform morphology
(A). Unusual morphology with prominent sclerosing areas (B), Solid variant including > 30% solid growth
pattern (C). All cases revealed a MYB::NFIB gene fusion. The scale bar is 250 pum.
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Figure 3. Hematoxylin and eosin (H&E) staining of AdCC with metatypical features: predominant tubular
morphology with large cystic spaces (A). Tubular-trabecular growth pattern (B). Tubular-trabecular

morphology with necrosis and solid parts <30% (C). All cases revealed a MYB::NFIB gene fusion. The scale bar
is 250 um.

Discussion

Our analysis yielded evidence that the solid variant (solid growth pattern>30%), histopathological high-grade
transformation, and tumor involvement of the sphenoid sinus were associated with poor prognosis. There was
no evidence that the presence of MYB::NFIB gene fusion, metatypical morphology, perineural invasion, and the
therapeutic modality, was associated with a distinct outcome.
Our analysis revealed, as in previous reports, a slight predominance of females and a mean age of around
60 years at the time of initial presentation®!1%*, There was a notably higher proportion of advanced local tumor
stage (T4) at the time of diagnosis (84.6%), in contrast to previous reports that have indicated an incidence of
approximately 45-65%'"'%*%%_ Qur data also showed a different distribution of tumor epicenter compared to
the literature, where the maxillary sinus is reported as the most common epicenter, followed by the nasal cavity,
ethmoid sinus, and sphenoid sinus!»''6404 n agreement with our results, Unsal et al. found that AdCCs
originating in the nasal cavity tend to have a better prognosis, while those originating in the sphenoid have the
worst!'!. Our patients’ prognosis, who frequently presented with advanced tumor stages at diagnosis, did not
show an association with any therapeutic modality.
An international study examining the recurrence patterns of sinonasal carcinomas (mean follow-up time of
4.8 years) reported that AJCC exhibited the highest rate of recurrence beyond five years (72.2%) compared to
other sinonasal tumors®. Our analysis demonstrated a significantly higher rate of 92.3%, which could potentially
be attributed to our prolonged follow-up duration of 10.3 years. According to the largest retrospective study on
sinonasal AACC (n=793) conducted so far, the 5-year OS rate was found to be 60.7%'¢. This finding aligns with
a meta-analysis on sinonasal AACC from 2013 that calculated a 5-year OS rate of 62%°. Our study found a 5-year
OS rate of 91.7%. Some studies have reported 5-year OS rates for sinonasal AdCC between 80 and 90%*4-*¢, but
to our knowledge, no study has reported rates over 90%.
The pathognomonic MYB::NFIB gene fusion is a highly specific marker for AACC and is widely accepted as
the gold standard for diagnosis®. Its frequency in AdCC varies between 40 and 70%*%. Although MYB::NFIB
rearrangement has demonstrated efficacy in diagnosing AdCC, its prognostic value is controversial*’. Two meta-
analyses found no significant association between the translocation status of MYB and survival rates in AdCC
patients®>*!. Accordingly, we did not observe an association between the detection of this genetic alteration and
poor outcomes. In our analysis, no MYBLI::NFIB gene fusion or NOTCHI mutation was detected. Further, no
recently described EWSR1::MYB or FUS::MYB fusion was detected in this cohort®*. Tumors with NOTCH1
mutations define an aggressive subgroup of AACC with a significantly higher likelihood of exhibiting a solid
growth pattern, shorter RFS, and poorer OS>?. These genetic alterations were also found to be more frequent in
recurrent and metastatic tumors compared to primary tumors®. Given that our series included only one case
with a solid growth pattern >30%, it is not surprising that we did not detect any of these mutations.

While solid-type AACC is generally considered to have a poor prognosis, the extent of solid regions that
predict a poor prognosis is not firmly established. The presence of solid growth pattern <30% did not correlate
with poor outcome in our study but our findings are in line with the current (and upcoming) World Health
Organization (WHO) classification for salivary gland tumors, which suggests that AACC with a solid component
comprising more than 30% of the tumor may exhibit a poorer clinical outcome®.

High-grade transformation, which was originally described by Cheuk et al. in 1999 as “dedifferentiation™®,
has been associated with aggressive clinical behavior in AACC, even compared to the solid variant, with a high
propensity for metastasis, as well as rapid growth®. Seethala et al. reported a median survival of approximately
36 months for this subtype®. In our study, two patients had a high-grade transformation, with one lost to
follow-up after 1 year and found to have metastasis, while the other died after 35 months, consistent with the
literature.

Histologically, high-grade transformation in AdCC is characterized by nuclear enlargement and irregularity,
higher mitotic counts, and loss of biphasic ductal-myoepithelial differentiation””. We found that the presence of
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necrosis or a high mitotic index alone had no association with poor outcomes. This implies that the simultaneous
occurrence of all components, indicative of high-grade transformation, is required for a significant association.

Perineural invasion is a characteristic feature of AdCC and was observed in 43% of cases in our study,
consistent with the literature>*. The significance of perineural invasion on OS in AdCC has been a matter of
debate, with some studies indicating a poor prognosis®-%?, while others have failed to establish a significant
1ink®-%. Consistent with the latter findings, our study did not reveal an association. Some authors emphasize the
importance of the extent of invasion, including intraneural invasion* and the distinction between microscopic
and macroscopic invasion of major nerves®*®’. This may explain the divergent findings in the literature.

To the best of our knowledge, we present the first study to examine the prognostic value of metatypical
features of AACC since its description in 2022 by Mathew et al.”’. To ensure homogeneity, an experienced
pathologist at our institution reviewed all samples and excluded 12.5% of patients initially misdiagnosed with
sinonasal AdCC, while they had HMSC, which has a much more favorable prognosis“. Zupancic et al. reviewed
68 AdCC cases, with eight in the sinonasal and nasopharyngeal region®. One case was reclassified as HMSC
after pathological review, representing 12.5% of this subset, which aligns with our findings. Misdiagnosis rates in
other studies without pathological review may lead to biased outcomes. This study has another notable strength
in terms of follow-up duration, with a median follow-up time of 10.3 years and a span of up to 46.5 years. This
extended follow-up is particularly significant given the tendency of this tumor to recur late, making it essential
for analyzing long-term outcomes. To ensure this long-term follow-up, patients with an initial diagnosis before
2000 were also included. However, only patients from whom we had available tissue samples, allowing for the
confirmation of diagnosis with certainty, were included in the analysis. Our study has further limitations due
to its retrospective design and the inclusion of tumors from various anatomical structures (sinonasal tract,
nasopharynx, and skull base), and inclusion of cases where tumor staging showed lymph node involvement and
distant metastases. Although it would have been optimal to exclude these cases or analyze them separately for
participant homogeneity, doing so would have resulted in a smaller sample size. Furthermore, given the limited
sample size, we opted to use the log-rank test to investigate the prognostic value of factors rather than more
sophisticated statistical techniques, such as Cox-regression. Although the sample size in this study was small, it
reflects the rare and challenging nature of sinonasal AdCC.

Our study emphasizes the importance of accurate pathological diagnosis and imaging localization for
assessment of prognostic features in sinonasal AACC. Solid variant (>30% solid growth pattern), high-grade
transformation, and involvement of the sphenoid sinus are negative prognostic factors for the outcome
of sinonasal AACC. A high prevalence of MYB::NFIB gene fusions may help in the correct classification of
diagnostically challenging (e.g. metatypical) cases.

Data availability
The data used and analyzed during the current study are available from the corresponding author upon reasonable
request.
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