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Abstract

:

The sinonasal cavities harbor a wide variety of rare cancer types. Histopathological classification can be challenging, especially for poorly differentiated tumors. Despite advances in surgery and radio-chemotherapy, the 5-year survival rate is still very low. Thus, there is an unmet clinical need for new therapeutic options. We retrospectively evaluated poorly differentiated tumors of 9 different histological subtypes from 69 patients who had received conventional treatments for the presence of CD8+ tumor-infiltrating lymphocytes (TILs), as well as the expression of PD-L1 and microsatellite instability (MSI) markers MLH1, MSH2, MSH6 and PMS2, as biomarkers for immunotherapy. CD8+ TILs were present in 23/69 (33%) cases, PD-L1 expression was observed in 23/69 (33%), and markers for MSI positivity in 5/69 (7%) cases. CD8+ TILs correlated with PD-L1 positivity, while both were mutually exclusive with MSI markers. None of the biomarkers were associated with clinical features as age, gender or tumor stage. Cases with CD8+ TILs and PD-L1 positivity showed a tendency toward worse disease-specific survival. Immune checkpoint inhibitors are emerging as new options for treatment of many tumor types. Our results indicate that also a substantial subset of patients with poorly differentiated sinonasal tumors may be a candidate to be treated with this promising new therapy.
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1. Introduction


Approximately 5% of all head and neck cancers arise in the sinonasal cavities [1]. They represent a wide histological diversity, each with their distinctive etiology, epidemiology, clinical and genetic characteristics [1,2]. About 70% are sinonasal squamous cell carcinoma (SNSCC) and intestinal-type adenocarcinoma (ITAC), and the remaining 30% are made up by a miscellany of poorly differentiated entities consisting of many epithelial cancer types, including the highly heterogeneous categories of undifferentiated carcinoma (SNUC), neuroendocrine carcinoma (SNEC) and high-grade non-ITAC (HG-non-ITAC) [3,4,5,6], but also non-epithelial tumors such as mucosal melanoma, several types of sarcoma, olfactory neuroblastoma and even hematological neoplasms. Together, they are termed poorly differentiated sinonasal tumors, sometimes also small round blue cell sinonasal tumors [3,4,5,6,7,8,9,10].



A growing number of these tumors can now be diagnosed by molecular genetic analysis, such as NUT carcinoma by chromosomal translocation t (15;19) NUT-BRD4, HPV-related multiphenotypic sinonasal carcinoma by high-risk HPV in the absence of the t (6;9) MYB-NFIB rearrangement, and subsets of SNSCC by EGFR exon 20 mutation and by DEK::AFF2 fusions [5,6,7,8]. New tumor entities previously classified as SNUC include SMARCB1-deficient carcinoma, SMARCA4-deficient carcinoma and possibly also IDH2 mutant SNUC [6,11,12].



A common factor of sinonasal tumors is their very low incidence, making it difficult for the clinician not only to reach a correct diagnosis, but also to develop and test treatment options. Despite advances in endoscopic surgery, precision radiotherapy, heavy ion radiotherapy, and induction chemotherapy, the 5-year survival rate remains less than 50%. For SNEC, SNUC, and NUT carcinoma prognosis is counted in months [13,14,15]. Local recurrence often occurs within two years of follow-up and is the main cause of mortality. Standard treatment is surgery combined with radiation, in SNUC additional chemotherapy may be beneficial [16,17,18].



To improve these outcomes, new treatment options for neoadjuvant, concomitant or adjuvant therapy are necessary, and immunotherapy may be such an option. Immune checkpoint inhibitors have improved outcomes for different types of solid tumors, including head and neck squamous cell carcinoma, non-small cell lung cancer and oesophageal squamous cell carcinoma [19,20,21]. Over recent years, several biomarkers as predictors of immunotherapeutic efficacy have been studied, the most important being CD8-positive tumor-infiltrating lymphocytes (CD8+ TILs), PD-L1 expression on tumor cells, tumor mutational burden (TMB) and microsatellite instability (MSI).



Previous studies on sinonasal tumors have indicated PD-L1 expression in 26% of ITAC and 30–46% PD-L1 expression in SNSCC [22,23,24,25,26]. A high presence of CD8+ TILs was reported in 8% of ITAC [21], 19–57% of SNSCC [24,25,26], while in olfactory neuroblastoma (ONB), they were much less frequent and predominantly found in the stromal compartment [27,28]. The majority of these studies on ITAC, SNSCC and ONB showed CD8+ TILs to be associated with better prognosis, while PD-L1 expression on tumor cells or macrophages generally did not carry prognostic value [22,24,26,28].



MSI is due to defects in the genes involved in the MMR (mismatch repair) system, such as MLH1, MSH2, MSH6 and PMS2. Although it was initially described in patients with sporadic colon cancer and hereditary non-polyposis colorectal cancer, it has now been demonstrated in many types of tumors. In two recent studies using MLH1, MSH2, MSH6 and PMS2 staining as surrogate markers of MSI, 3.2% (4/125 cases) and 2.3% (3/131 cases) were found to be MSI positive, indicated by loss of or reduced PMS2 and MLH1 [26,29]. In addition, analyzing 10 SNSCC cell lines by multiplex PCR of a reference panel with five nearly monomorphic mononucleotide markers BAT25, BAT26, D5S346, D2S123, D17S250, one cell line, SCCNC5, was found to be MMR-deficient. The same cell line was also determined to be TMB-high by whole exome sequencing [29]. Finally, Garciá-Martinez et al. reported MSI in 21% (5/24 cases) SNSCC and 2% (1/41 cases) ITAC [30].



To our knowledge, apart from SNSCC, ITAC and ONB, no other sinonasal tumor types have been studied with regard to biomarkers for immunotherapy. The aim of this study was to evaluate the presence of CD8+ TILs, PD-L1 expression and the expression of MLH1, MSH2, MSH6 and PMS2 as surrogate markers of MSI, in a series of poorly differentiated sinonasal carcinomas who had received conventional treatments, as possible indicators for treatment with immunotherapy. In addition, results were correlated with clinico-pathological and follow-up data.




2. Materials and Methods


2.1. Patients and Samples


Samples from poorly differentiated sinonasal carcinomas of 69 patients who had received conventional treatments were collected from the Hospital Universitario Central de Asturias (HUCA), Oviedo, Spain; from the VU Medical Center (VUmc), Amsterdam, the Netherlands, and from University Medical Center Utrecht (UMC), Utrecht, the Netherlands. All experimental protocols were approved by the Institutional Ethics Committee of the Hospital Universitario Central de Asturias and by the Regional CEIC from Principado de Asturias (approval numbers 07/16 for project CICPF16008-HERM, 83/17 for project PI17/00763 and 2020.048 for project PI19/00191). All methods were carried out in accordance with the guidelines of the Institutional Ethics Committee of the Hospital Universitario Central de Asturias. Informed consent was obtained from all patients.



Our cohort included 14 olfactory neuroblastoma (ONB), 6 neuroendocrine carcinoma (SNEC), 25 (SNUC), 6 poorly differentiated squamous cell carcinoma (PD-SNSCC), 5 HG-non-ITAC, 10 solid-type ITAC, 1 SMARCB1-deficient carcinoma, 1 SMARCA4-deficient carcinoma and 1 NUT carcinoma. Representative photomicrographs of hematoxylin and eosin staining of the tumor types are given in Figure 1 and Supplementary Figure S1. Of the 65 (54%) patients, 35 were male and 30 (46%) female; the mean age was 56 years, ranging from 20 to 83 among 63 patients. The distribution of disease stage according to the TNM system for tumor classification [25] was known for 64 patients: 8 (12%) were stage I, 24 (38%) stage II, 8 (12%) stage III, 20 (31%) stage IVa and 4 (6%) were stage IVb. The clinical characteristics according to specific tumor type are presented in Table 1.



The initial diagnoses of all cases were revised by an experienced pathologist (AF). All the available slides were reviewed in each case, and tumors were diagnosed using the diagnostic criteria described in the fourth edition of the World Health Organization Classification [1]. Additional immunohistochemical stainings CK5/6, CK20, CDX2, p40, p16, synaptophysin, chromogranin, NUT, SMARCB1, and SMARCA4 were applied when necessary. As none of the tumors stained positive for p16, no further testing for human HPV was performed. In addition, IDH2 mutation was observed in 1/6 (17%) SNEC, 9/25 (36%) SNUC, 1/6 (17%) PDSNSCC and 2/5 HG-non-ITAC. These analyses were previously published by [31].




2.2. Immunohistochemical Analysis


Tumor samples which were obtained from biopsy or surgery were fixed with formalin and embedded in paraffin. When several paraffin blocks were available for the same tumor, the most representative block was selected. Tissue microarray blocks were prepared using the Beecher Tissue Microarrayer (Beecher Instruments, Silver Spring, MD, USA). In total, 4 blocks were constructed, containing three 1 mm cores from different areas of 69 tumors [32].



Immunohistochemistry was performed on an automatic staining workstation (Dako Autostainer Plus; DakoCytomation, Glostrup, Denmark) with antigen retrieval by EnVision FLEX + Mouse (DakoCytomation, Glostrup, Denmark) over 20 minutes. The following antibodies were applied: anti-CD8 clone C8/144B, IR623 (Prediluted monoclonal mouse, DAKO, Glostrup, Denmark), anti-PD-L1 clone E1L3N (1/100 monoclonal rabbit, Cell Signalling Technology, Cambridge, UK), and MSI markers anti-MLH1 clone M1, anti-PMS2 clone A16-4, anti-MSH2 clone G219–1129 and anti-MSH6 clone SP93 (Ventana Roche, Tucson, AZ, USA). The slides were evaluated in a double-blind manner by three observers (EVF, BV and MAH), and discrepancies between the observers were resolved by a consensus review after simultaneous reevaluation.



CD8+ TIL scoring was adapted from Fuchs et al. [33], who defined low, intermediate and high CD8+ TILs as 1–10%, 10–50% and >50%, adding another group with 0%. However, in two of our previous studies [22,25] we found that survival was similar in the two groups 10–50%/>50% and 0%/1–10%; therefore, we simplified the present scoring to low (<10%) or high (>10%) of the cells present in the stromal or in the intratumoral compartment. Staining for PD-L1 was considered positive when >5% of the tumor cells showed membranous and/or cytoplasmic staining, in accordance with most studies in the field, including clinical immunotherapy trials [34,35]. Regarding MSI, tumors that showed significantly reduced nuclear staining compared to intratumoral immune cells or tumors that displayed complete loss of an MMR protein were classified as MSI.




2.3. Statistical Analysis


Pearson’s chi-squared test and Fisher’s exact test were used to test possible associations between CD8+ TILs and PD-L1 expression and MSI presence and various clinicopathological factors. Univariate Kaplan–Meier curves were plotted to assess the relations of CD8+ TILs, PDL-1 expression and MSI to overall, disease-specific and disease-free survival using the log-rank-test. p-values < 0.05 were considered to indicate statistically significant. Statistical analysis was carried out with the use of SPSS Base, version 15.0 and SPSS Advanced models, version 15.0 (SPSS Inc., Chicago, IL, USA) software.





3. Results


3.1. Clinical Features and Follow-Up


All 69 patients were treated by surgery and 15 patients also received radiotherapy. The mean follow-up available of 33 patients was 31 months (range 1–172). During this period, 22 (67%) patients developed a recurrence or metastasis. At the time of writing, 17 (52%) patients remained alive, 13 (39%) died of disease and 3 (9%) died of other causes. The 5-year overall survival was 43% and the 5-year disease-free survival was 34%. Tumor stage was not correlated with overall or disease-free survival. Patients of 60 years of age and older showed worse overall survival (Log rank 7.661, p = 0.006), while there was no age difference regarding disease-free survival (Figure 2). Comparing the histological subtypes, ONB and SNUC showed the most favorable clinical outcomes with a 5-year overall survival of 86% and 60%, respectively. None of the patients with SNEC, HG-non-ITAC and solid-type ITAC reached 5-year overall survival (Table 1). Unfortunately, for PD-SNSCC, SMARCB1-deficient carcinoma, SMARCA4-deficient carcinoma and NUT carcinoma, no follow-up data were available.




3.2. CD8+ Tumor Infiltrating Lymphocytes


A total of 23 of 69 (33%) tumors showed a high presence of CD8+ TILs, either in the tumor or stromal compartment. In 21/23 cases, CD8+ TILs were present in both compartments. CD8+ TILs were most frequent in solid-type ITAC and HG-non-ITAC (60% of tumors), followed by SNUC (34%), PDSCC (33%), ONB (21%) and SNEC (17%). SMARCB1-deficient carcinoma, SMARCA4-deficient carcinoma and NUT carcinoma were devoid of CD8+ TILs (Table 2). Examples of CD8 stainings are given in Figure 3 and Supplementary Figure S1. A total of 30% of IDH2-mutated versus 13% IDH2-wildtype tumors harbored CD8+ TILs; however, this difference was not significant (Fisher’s Chi2 p = 0.082). The presence of CD8+ TILs was not related to age, tumor stage or clinical outcome, although there was a tendency toward worse overall survival (Figure 4).




3.3. PD-L1 Expression


A total of 23 of 69 (33%) tumors showed membranous PD-L1 staining in >5% of tumor cells. The staining pattern was diffuse in the majority of cases, whereas HG-non-ITAC mostly demonstrated focal expression (Figure 3). PD-L1 expression was most frequently observed in PDSNSCC (83%), HG-non-ITAC (80%) and solid-type ITAC (60%). In SNEC, SNUC and ONB this was 33%, 16% and 14%, respectively (Table 2). The one case of SMARCB1-deficient carcinoma was also PD-L1 positive, while SMARCA4-deficient carcinoma and NUT carcinoma showed no expression (Supplementary Figure S1). PD-L1 positivity in IDH2-mutated was seen in 26% and in IDH2-wildtype tumors in 15% of cases. A total of 13 of 23 (56%) PD-L1 positive versus 10/46 (22%) PD-L1 negative tumors also carried CD8+ TILs (Fisher’s Chi2 p = 0.006). We found no correlation between PD-L1 expression and age or tumor stage. PD-L1 positive cases did demonstrate both worse overall (Figure 4) and disease-free survival (not shown); however, this did not reach significance.




3.4. Microsatellite Instability


We applied PMS2, MLH1, MSH2, and MSH6 staining as surrogate markers of MSI and found 5/69 (7%) cases positive, two were SNEC, two SNUC and one was HG-non-ITAC. Four tumors demonstrated complete absence and one reduced expression of PMS2, accompanied by complete loss of MLH1 in two cases and reduced MLH1 in two cases, while in one case PMS2 was the only lost of the four MSI markers. One case showed complete absence of all four markers, and in one case shown in Figure 5, PMS2 and MLH1 were lost and MSH2 and MSH6 reduced (Supplementary Table S1). All five MSI positive cases were IDH2-wildtype and did not show PD-L1 expression. One MSI positive case (SNUC) did harbor CD8+ TILs. MSI positivity was not related to age or stage; correlation with survival was not analyzed, as follow-up information was only available of two MSI-positive cases.





4. Discussion


Standard treatment of poorly differentiated sinonasal carcinomas consists of surgery and radiotherapy, in some cases complemented with histo-type driven chemotherapy [15,17]. In spite of advances in these approaches, these tumors still carry a very poor prognosis. Moreover, being rare cancers, there are few studies on alternative therapeutic options. CD8+ TILs, PD-L1 expression and MSI are recognized biomarkers for treatment with immune checkpoint inhibitors and have been studied in various subtypes of sinonasal cancer [22,23,24,25,26,27,28,29,30]. Other biomarkers include TMB and gene expression profiling of immune pathways and the first studies on sinonasal cancer indeed indicated their potential to identify patients with SNSCC, SNUC or high-grade carcinomas that may benefit from immunotherapy [29,36,37]. In this study, we focused on CD8+ TILs, PD-L1 expression and MSI.



Considering the whole cohort of 69 tumors, we found 33% to have CD8+ TILs, 33% with PD-L1 expression and 7% as MSI-positive. In nearly all cases, CD8+ TILs were present both in the tumor and the stromal compartment and correlated with PD-L1 positivity, which is in agreement with many previous studies. In contrast with previous studies on MSI-positive tumors, we found MSI positivity to be mutually exclusive with CD8+ TILs and nearly also with PD-L1 expression [38,39,40]. This may be due to the fact that we only applied PMS2, MLH1, MSH2, and MSH6 immunohistochemistry without the possibility to confirm our results by multiplex PCR. Additionally, the low number of 5 MSI-positive cases and the whole cohort of 69 is a limitation to our observation.



Comparing the different tumor types, CD8+ TILs were observed most frequently (60% of cases) in the adenocarcinoma subtypes HG-non-ITAC and solid-type ITAC, which is higher than previous studies on sinonasal tumors reporting 19–50% in SNSCC [24,25,26,41,42] and 19% in ITAC [22]. In CD8+ TILs were much less frequent and were predominantly found in the stromal compartment [27,28]. Additionally, PD-L1 expression was the most frequent (50–83% of cases) in HG-non-ITAC and solid-type ITAC, together with PDSNSCC. Again, these percentages are higher than the 30–46% observed in SNSCC [24,25,26], the 26% in ITAC [22] and the 20% in ONB [28]. Our finding of 7% of cases with MSI are in agreement with earlier immunohistochemical and multiplex PCR studies on sinonasal tumors, reporting a 2–3% in SNSCC and no MSI in other tumor subtypes. One study using multiplex PCR demonstrated MSI in 21% of ITAC, but there are no studies confirming this finding [30].



Although follow-up information in our study was very limited and the statistical power of the survival analysis low, our results indicated a tendency toward worse clinical outcome for tumors with CD8+ TILs. This finding contrast with a number of studies on ITAC, ONB and SNSCC have indicated CD8+ TILS as indicators of better survival [22,24,26,27,42,43]. Indeed, a positive relation between CD8+ TILs and favorable prognosis is found in the majority of cancer types [44].



However, there are also reports that associated CD8+ TILs with worse survival in SNSCC [25], and in non-small cell lung cancer [45,46]. Discrepancies may be due to the use of different cutoff points and differences in immunostaining protocols and also to differences in patient cohorts and treatment schemes.



Our data also suggest a possible association between PD-L1 expression and worse clinical outcome. This is in accordance with a similar study on SNSCC by Hongo et al. [26], although other studies on sinonasal tumors including ITAC, ONB and SNSCC reported no prognostic value for PD-L1 [22,23,24,28]. Additionally, in other solid tumor types, such as head and neck squamous cell carcinoma and lung cancer, contradictory data on the prognostic role of PD-L1 expression have been presented, with either relation to poor prognosis, to better survival or no relation at all [47,48,49,50,51]. Tumor cells express PD-L1 to escape the immune system. We found that the presence of CD8+ TILs correlated with tumoral PD-L1 expression; therefore, the tendency toward worse clinical outcome for tumors with PD-L1 expression and CD8+ TILs in our series may indicate that these CD8+ TILs are dysfunctional, exhausted cells.



We found 5/69 tumors with an indication for MSI positivity, four with complete loss of PMS2 together with lost/reduced MLH1 expression. In general, MSI positivity is considered a predictor of favorable clinical outcome. With follow-up information of only two of the MSI-positive cases in our cohort, no meaningful assessment of prognostic vale was possible; however, these patients had a very poor survival of 2 and 6 months. Our cohort included one case each of SMARCB1-deficient carcinoma, SMARCA4-deficient carcinoma and NUT carcinoma, unfortunately without follow-up information.



The FDA has approved MSI status, analyzed by immunohistochemistry or by multiplex PCR, as predictor for the efficacy of immunotherapy of unresectable or metastatic cancer, irrespective of the primary site of origin [52]. More specifically, for head and neck squamous cell carcinoma, the PD-1 inhibitor pembrolizumab is approved as a single agent for patients whose tumors express PD-L1, and nivolumab and pembrolizumab are also approved for second-line treatment of recurrent and metastatic tumors [19]. The degree of infiltration of CD8+ T cells is correlated with improved response rates to anti-PD-1/PD-L1 agents in HNSCC [53]. There are few clinical studies on rare head and neck cancer subtypes, such as the sinonasal tumors presented in our study. Park et al. reported favorable response to PD-1 inhibitors in 11 recurrent/metastatic SNSCC, even more so than studies on non-SNSCC head and neck squamous cell carcinoma have shown, although a direct comparison was not possible. Notably, the response was not related to PD-L1 expression [54]. Another clinical study with nivolumab (anti-PD-1) included 18 sinonasal tumors of different histological subtypes and showed response rates comparable to those reported for head and neck squamous cell carcinoma, with the highest efficacy against high-grade non-squamous cell sinonasal tumors [55]. Additionally, a clinical study with nasopharyngeal carcinoma patients has shown the promising efficacy of atezolizumab (anti-PD-L1) [56].



Our results on poorly differentiated sinonasal carcinomas revealed that at least one of the immunotherapeutic biomarkers >10% CD8+ TILs, >5% PD-L1 expression or MSI-positivity occurred in 39% (27/69) of cases. For immunotherapy to be most effective, tumors ideally should express PD-L1 and have tumor-activated CD8+ TILs [57], and this is what we observed in 19% (13/69) cases. MSI positivity in 5 cases was mutually exclusive with these 13 cases, which would bring the total number eligible for immunotherapy to 18 patients, 26% of the cohort.



The three cases SMARCB1-deficient carcinoma, SMARCA4-deficient carcinoma and NUT carcinoma may be given special attention. Recent studies suggest that SMARCB1 and SMARCA4 deficiencies lead to enhanced levels of TILs and PD-L1, despite low TMB [58,59,60]. Our two cases showed the absence of CD8+ TILs, whereas the SMARCB1-deficient carcinoma did express PD-L1. Nevertheless, a clinical study on metastastic pancreatic SWI/SNF cancer showed good responses to immunotherapy in 8/9 patients, independent of MSI or TMB status or PD-L1 expression [61]. Finally, preclinical studies on mice models of pulmonary NUT carcinoma indicated the synergistic effects of immunotherapy combined with BET-inhibitor [62]. These early promising results may be relevant for sinonasal SWI/SNF and NUT carcinomas as well.



Our study has several limitations. First, the series of cases is not homogeneous. Although all tumors are considered poorly differentiated, they do belong to distinct sinonasal cancer subtypes. Second, due to the fact that these are rare tumors, we could only analyze a relatively low number of cases, and thus more studies are necessary. Finally, the patients in our retrospective cohort had received conventional treatments that did not include immunotherapy, so it was not possible to correlate response to therapy with CD8+ TILs and PD-L1 expression status or to find an explanation as to why cases with CD8+ TILs had worse clinical outcomes. However, this negative correlation does not preclude that these patients would be less responsive to immune checkpoint inhibitors.



To conclude, immune checkpoint inhibitors represent new options for treatment for an increasing number of tumor types. Our results on CD8+ TILS, PD-L1 expression and MSI indicate that also a substantial subset of patients with poorly differentiated sinonasal tumors may be candidates to be treated with this promising new therapy.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/biomedicines10092205/s1, Table S1. PMS2, MLH1, MSH2 and MSH6 staining pattern in 5 cases designated as MSI positive. Figure S1. Representative images of SMARCB1-deficient carcinoma (A–D), SMARCA4-deficient carcinoma (E–H) and NUT carcinoma (I–L) showing hematoxylin and eosin staining (A,E,I), SmarcB1 expression (B), SmarcA4 expression (F) and NUT1 expression (J), as well as CD8+ TILs (C,G,K) and PD-L1 (D,H,L).





Author Contributions


Conceptualization, M.A.H., J.L.L. and F.L.; Data curation, E.V.-F., L.S.-F., A.F., R.G.-M., V.N.C., H.C.-M. and S.L.L.-G.; Formal analysis, E.V.-F., M.A.H. and F.L.; Funding acquisition, M.A.H. and J.L.L.; Investigation, E.V.-F., B.V., R.G.-M. and V.N.C.; Methodology, M.A.H., L.S.-F., R.G.-M., V.N.C., H.C.-M. and S.L.L.-G.; Project administration, M.A.H.; Resources, B.V., J.L.L. and F.L.; Supervision, M.A.H. and F.L.; Validation, B.V. and A.F.; Writing—original draft, E.V.-F. and M.A.H.; Writing—review and editing, L.S.-F., B.V., A.F., R.G.-M., V.N.C., H.C.-M., S.L.L.-G., J.L.L. and F.L. All authors have read and agreed to the published version of the manuscript.




Funding


This study has been funded by Instituto de Salud Carlos III (ISCIII) through the projects “PI17/00763” and “PI19/00191” and co-funded by the European Union, and by CICPF16008HERM from Fundación AECC, CB16/12/00390 from the Centro de Investigación Biomédica en Red de Cancer (CIBERONC) and IDI2018/155 from Ayudas a Grupos PCTI Principado de Asturias, Spain.




Institutional Review Board Statement


All experimental protocols were approved by the Institutional Ethics Committee of the Hospital Universitario Central de Asturias and by the Regional CEIC from Principado de Asturias (approval numbers 07/16 for project CICPF16008-HERM, 83/17 for project PI17/00763 and 2020.048 for project PI19/00191). All methods were carried out in accordance with the guidelines of the Institutional Ethics Committee of the Hospital Universitario Central de Asturias.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data are available with the corresponding upon request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



El-Naggar, A.K.; Chan, J.K.C.; Grandis, J.R.; Takata, T.; Slootweg, P.J. World Health Organization Classification of Head and Neck Tumours, 4th ed.; IARC Press: Lyon, France, 2017; pp. 18–21. [Google Scholar]

	



Llorente, J.L.; López, F.; Suárez, C.; Hermsen, M.A. Sinonasal carcinoma: Clinical, pathological, genetic and therapeutic advances. Nat. Rev. Clin. Oncol. 2014, 11, 460–472. [Google Scholar] [CrossRef] [PubMed]

	



Bell, D.; Hanna, E.Y.; Weber, R.S.; Demonte, F.; Triantafyllou, A.; Lewis, J.S.; Cardesa, A.; Slootweg, P.J.; Stenman, G.; Gnepp, D.R.; et al. Neuroendocrine neoplasms of the sinonasal region. Head Neck 2015, 38, E2259–E2266. [Google Scholar] [CrossRef]

	



Bell, D.; Hanna, E.Y. Sinonasal undifferentiated carcinoma: Morphological heterogeneity, diagnosis, management and biological markers. Expert Rev. Anticancer Ther. 2013, 13, 285–296. [Google Scholar] [CrossRef]

	



Thompson, L.D.R.; Franchi, A. New tumor entities in the 4th edition of the World Health Organization classification of head and neck tumors: Nasal cavity, paranasal sinuses and skull base. Virchows Arch. 2017, 472, 315–330. [Google Scholar] [CrossRef]

	



Taverna, C.; Agaimy, A.; Franchi, A. Towards a Molecular Classification of Sinonasal Carcinomas: Clinical Implications and Opportunities. Cancers 2022, 14, 1463. [Google Scholar] [CrossRef] [PubMed]

	



Bishop, J.A. Recently described neoplasms of the sinonasal tract. Semin. Diagn. Pathol. 2016, 33, 62–70. [Google Scholar] [CrossRef] [PubMed]

	



Stelow, E.B.; Bishop, J.A. Update from the 4th Edition of the World Health Organization Classification of Head and Neck Tumours: Tumours of the Nasal Cavity, Paranasal Sinuses and Skull Base. Head Neck Pathol. 2017, 11, 3–15. [Google Scholar] [CrossRef]

	



Franchi, A. An Update on Sinonasal Round Cell Undifferentiated Tumors. Head Neck Pathol. 2016, 10, 75–84. [Google Scholar] [CrossRef]

	



Thompson, L. Small round blue cell tumors of the sinonasal tract: A differential diagnosis approach. Mod. Pathol. 2017, 30, S1–S26. [Google Scholar] [CrossRef] [PubMed]

	



Jo, V.Y.; Chau, N.G.; Hornick, J.; Krane, J.F.; Sholl, L.M. Recurrent IDH2 R172X mutations in sinonasal undifferentiated carcinoma. Mod. Pathol. 2017, 30, 650–659. [Google Scholar] [CrossRef]

	



Dogan, S.; Chute, D.J.; Xu, B.; Ptashkin, R.N.; Chandramohan, R.; Casanova-Murphy, J.; Nafa, K.; A Bishop, J.; I Chiosea, S.; Stelow, E.B.; et al. Frequent IDH2 R172 mutations in undifferentiated and poorly-differentiated sinonasal carcinomas. J. Pathol. 2017, 242, 400–408. [Google Scholar] [CrossRef] [PubMed]

	



Patel, T.D.; Vazquez, A.; Dubal, P.M.; Baredes, S.; Liu, J.K.; Eloy, J.A. Sinonasal neuroendocrine carcinoma: A population-based analysis of incidence and survival. Int. Forum Allergy Rhinol. 2015, 5, 448–453. [Google Scholar] [CrossRef]

	



Wenig, B.M. Undifferentiated Malignant Neoplasms of the Sinonasal Tract. Arch. Pathol. Lab. Med. 2009, 133, 699–712. [Google Scholar] [CrossRef] [PubMed]

	



Kuo, P.; Manes, R.P.; Schwam, Z.G.; Judson, B.L. Survival Outcomes for Combined Modality Therapy for Sinonasal Undifferentiated Carcinoma. Otolaryngol. Neck Surg. 2016, 156, 132–136. [Google Scholar] [CrossRef]

	



López, F.; Suárez, V.; Vivanco, B.; Suárez, C.; Llorente, J.L. Current management of sinonasal undifferentiated carcinoma. Rhinology 2015, 53, 212–220. [Google Scholar] [CrossRef] [PubMed]

	



Orlandi, E.; Cavalieri, S.; Granata, R.; Nicolai, P.; Castelnuovo, P.; Piazza, C.; Schreiber, A.; Turri-Zanoni, M.; Quattrone, P.; Miceli, R.; et al. Locally advanced epithelial sinonasal tumors: The impact of multimodal approach. Laryngoscope 2019, 130, 857–865. [Google Scholar] [CrossRef]

	



Ramaekers, B.L.; Pijls-Johannesma, M.; Joore, M.; Ende, P.V.D.; Langendijk, J.A.; Lambin, P.; Kessels, A.G.; Grutters, J. Systematic review and meta-analysis of radiotherapy in various head and neck cancers: Comparing photons, carbon-ions and protons. Cancer Treat. Rev. 2011, 37, 185–201. [Google Scholar] [CrossRef]

	



Cohen, E.E.W.; Bell, R.B.; Bifulco, C.B.; Burtness, B.; Gillison, M.L.; Harrington, K.J.; Le, Q.T.; Lee, N.Y.; Leidner, R.; Lewis, R.L.; et al. The Society for Immunotherapy of Cancer consensus statement on immunotherapy for the treatment of squamous cell carcinoma of the head and neck (HNSCC). J. Immunother. Cancer 2019, 7, 184. [Google Scholar] [CrossRef]

	



Antonia, S.; Goldberg, S.B.; Balmanoukian, A.; Chaft, J.E.; Sanborn, R.E.; Gupta, A.; Narwal, R.; Steele, K.; Gu, Y.; Karakunnel, J.J.; et al. Safety and antitumor activity of durvalumab plus tremelimumab in non-small cell lung cancer: A multicentre, phase 1b study. Lancet Oncol. 2016, 17, 299–308. [Google Scholar] [CrossRef]

	



Kato, K.; Cho, B.C.; Takahashi, M.; Okada, M.; Lin, C.-Y.; Chin, K.; Kadowaki, S.; Ahn, M.-J.; Hamamoto, Y.; Doki, Y.; et al. Nivolumab versus chemotherapy in patients with advanced oesophageal squamous cell carcinoma refractory or intolerant to previous chemotherapy (ATTRACTION-3): A multicentre, randomised, open-label, phase 3 trial. Lancet Oncol. 2019, 20, 1506–1517. [Google Scholar] [CrossRef]

	



García-Marín, R.; Reda, S.; Riobello, C.; Cabal, V.N.; Suárez-Fernández, L.; Vivanco, B.; López, F.; Llorente, J.L.; Hermsen, M.A. CD8+ Tumor-Infiltrating Lymphocytes and Tumor Microenvironment Immune Types as Biomarkers for Immunotherapy in Sinonasal Intestinal-Type Adenocarcinoma. Vaccines 2020, 8, 202. [Google Scholar] [CrossRef] [PubMed]

	



Riobello, C.; Vivanco, B.; Reda, S.; López-Hernández, A.; García-Inclán, C.; Potes-Ares, S.; Cabal, V.N.; López, F.; Llorente, J.L.; Hermsen, M.A. Programmed death ligand-1 expression as immunotherapeutic target in sinonasal cancer. Head Neck 2018, 40, 818–827. [Google Scholar] [CrossRef]

	



Quan, H.; Yan, L.; Wang, S.; Wang, S. Clinical relevance and significance of programmed death-ligand 1 expression, tumor-infiltrating lymphocytes, and p16 status in sinonasal squamous cell carcinoma. Cancer Manag. Res. 2019, 11, 4335–4345. [Google Scholar] [CrossRef] [PubMed]

	



García-Marín, R.; Reda, S.; Riobello, C.; Cabal, V.; Suárez-Fernández, L.; Vivanco, B.; Álvarez-Marcos, C.; López, F.; Llorente, J.; Hermsen, M. Prognostic and Therapeutic Implications of Immune Classification by CD8+ Tumor-Infiltrating Lymphocytes and PD-L1 Expression in Sinonasal Squamous Cell Carcinoma. Int. J. Mol. Sci. 2021, 22, 6926. [Google Scholar] [CrossRef]

	



Hongo, T.; Yamamoto, H.; Jiromaru, R.; Yasumatsu, R.; Kuga, R.; Nozaki, Y.; Hashimoto, K.; Matsuo, M.; Wakasaki, T.; Tamae, A.; et al. PD-L1 expression, tumor-infiltrating lymphocytes, mismatch repair deficiency, EGFR alteration and HPV infection in sinonasal squamous cell carcinoma. Mod. Pathol. 2021, 34, 1966–1978. [Google Scholar] [CrossRef]

	



Classe, M.; Burgess, A.; El Zein, S.; Wassef, M.; Herman, P.; Mortuaire, G.; Leroy, X.; Malouf, G.G.; Verillaud, B. Evaluating the prognostic potential of the Ki67 proliferation index and tumor-infiltrating lymphocytes in olfactory neuroblastoma. Histopathology 2019, 75, 853–864. [Google Scholar] [CrossRef] [PubMed]

	



London, N.R., Jr.; Rooper, L.M.; Bishop, J.A.; Xu, H.; Bernhardt, L.J.; Ishii, M.; Hann, C.L.; Taube, J.M.; Izumchenko, E.; Gaykalova, D.A.; et al. Expression of Programmed Cell Death Ligand 1 and Associated Lymphocyte Infiltration in Olfactory Neuroblastoma. World Neurosurg. 2020, 135, e187–e193. [Google Scholar] [CrossRef]

	



Hieggelke, L.; Heydt, C.; Castiglione, R.; Rehker, J.; Merkelbach-Bruse, S.; Riobello, C.; Llorente, J.L.; Hermsen, M.A.; Buettner, R. Mismatch Repair Deficiency and Somatic Mutations in Human Sinonasal Tumors. Cancers 2021, 13, 6081. [Google Scholar] [CrossRef]

	



Martínez, J.G.; Pérez-Escuredo, J.; López, F.; Suárez, C.; Álvarez-Marcos, C.; Llorente, J.L.; Hermsen, M.A. Microsatellite instability analysis of sinonasal carcinomas. Otolaryngol. Neck Surg. 2009, 140, 55–60. [Google Scholar] [CrossRef]

	



Riobello, C.; López-Hernández, A.; Cabal, V.N.; García-Marín, R.; Suárez-Fernández, L.; Sánchez-Fernández, P.; Vivanco, B.; Blanco, V.; López, F.; Franchi, A.; et al. IDH2 Mutation Analysis in Undifferentiated and Poorly Differentiated Sinonasal Carcinomas for Diagnosis and Clinical Management. Am. J. Surg. Pathol. 2019, 44, 396–405. [Google Scholar] [CrossRef]

	



López-Hernández, A.; Vivanco, B.; Franchi, A.; Bloemena, E.; Cabal, V.N.; Potes, S.; Riobello, C.; García-Inclán, C.; López, F.; Llorente, J.L.; et al. Genetic profiling of poorly differentiated sinonasal tumours. Sci. Rep. 2018, 8, 1–8. [Google Scholar] [CrossRef]

	



Fuchs, T.L.; Sioson, L.; Sheen, A.; Jafari-Nejad, K.; Renaud, C.J.; Andrici, J.; Ahadi, M.; Chou, A.; Gill, A.J. Assessment of Tumor-infiltrating Lymphocytes Using International TILs Working Group (ITWG) System Is a Strong Predictor of Overall Survival in Colorectal Carcinoma: A Study of 1034 Patients. Am. J. Surg. Pathol. 2020, 44, 536–544. [Google Scholar] [CrossRef] [PubMed]

	



Ferris, R.L.; Blumenschein, G., Jr.; Fayette, J.; Guigay, J.; Colevas, A.D.; Licitra, L.; Harrington, K.; Kasper, S.; Vokes, E.E.; Even, C.; et al. Nivolumab for Recurrent Squamous-Cell Carcinoma of the Head and Neck. N. Engl. J. Med. 2016, 375, 1856–1867. [Google Scholar] [CrossRef] [PubMed]

	



Chow, L.Q.M.; Haddad, R.; Gupta, S.; Mahipal, A.; Mehra, R.; Tahara, M.; Berger, R.; Eder, J.P.; Burtness, B.; Lee, S.-H.; et al. Antitumor Activity of Pembrolizumab in Biomarker-Unselected Patients With Recurrent and/or Metastatic Head and Neck Squamous Cell Carcinoma: Results From the Phase Ib KEYNOTE-012 Expansion Cohort. J. Clin. Oncol. 2016, 34, 3838–3845. [Google Scholar] [CrossRef]

	



Bell, D.; Bell, A.; Ferrarotto, R.; Glisson, B.; Takahashi, Y.; Fuller, G.; Weber, R.; Hanna, E. High-grade sinonasal carcinomas and surveillance of differential expression in immune related transcriptome. Ann. Diagn. Pathol. 2020, 49, 151622. [Google Scholar] [CrossRef]

	



De Cecco, L.; Serafini, M.S.; Facco, C.; Granata, R.; Orlandi, E.; Fallai, C.; Licitra, L.; Marchesi, E.; Perrone, F.; Pilotti, S.; et al. A functional gene expression analysis in epithelial sinonasal cancer: Biology and clinical relevance behind three histological subtypes. Oral Oncol. 2019, 90, 94–101. [Google Scholar] [CrossRef]

	



Nonomura, Y.; Nakayama, K.; Nakamura, K.; Razia, S.; Yamashita, H.; Ishibashi, T.; Ishikawa, M.; Sato, S.; Nakayama, S.; Otsuki, Y.; et al. Ovarian Endometrioid and Clear Cell Carcinomas with Low Prevalence of Microsatellite Instability: A Unique Subset of Ovarian Carcinomas Could Benefit from Combination Therapy with Immune Checkpoint Inhibitors and Other Anticancer Agents. Healthcare 2022, 10, 694. [Google Scholar] [CrossRef]

	



Dislich, B.; Mertz, K.D.; Gloor, B.; Langer, R. Interspatial Distribution of Tumor and Immune Cells in Correlation with PD-L1 in Molecular Subtypes of Gastric Cancers. Cancers 2022, 14, 1736. [Google Scholar] [CrossRef]

	



Liu, X.; Choi, M.G.; Kim, K.; Kim, K.-M.; Kim, S.T.; Park, S.H.; Cristescu, R.; Peter, S.; Lee, J. High PD-L1 expression in gastric cancer (GC) patients and correlation with molecular features. Pathol.-Res. Pract. 2020, 216, 152881. [Google Scholar] [CrossRef]

	



Lou, H.; Fang, J.; Li, P.; Zhou, W.; Wang, Y.; Fan, E.; Li, Y.; Wang, H.; Liu, Z.; Xiao, L.; et al. Frequency, Suppressive Capacity, Recruitment and Induction Mechanisms of Regulatory T Cells in Sinonasal Squamous Cell Carcinoma and Nasal Inverted Papilloma. PLoS ONE 2015, 10, e0126463. [Google Scholar] [CrossRef]

	



Takahashi, Y.; Amit, M.; Gleber-Netto, F.O.; Silverman, D.; Bell, D.; Xie, T.-X.; Roberts, D.; Myers, J.N.; Hanna, E.Y. Evaluation of the Immune Microenvironment in Sinonasal Squamous Cell Carcinoma and Its Association with Patients’ Survival. J. Neurol. Surg. Part B Skull Base 2021, 82, S022. [Google Scholar] [CrossRef]

	



Gu, J.T.; Ma, N.C.; Betts, C.; Ms, S.S.; Geltzeiler, M.; Pucci, F. Characterization of the tumor immune microenvironment of sinonasal squamous-cell carcinoma. Int. Forum Allergy Rhinol. 2021, 12, 39–50. [Google Scholar] [CrossRef] [PubMed]

	



Ock, C.-Y.; Keam, B.; Kim, S.; Lee, J.-S.; Kim, M.; Kim, T.M.; Jeon, Y.K.; Kim, D.-W.; Chung, D.H.; Heo, D.S. Pan-Cancer Immunogenomic Perspective on the Tumor Microenvironment Based on PD-L1 and CD8 T-Cell Infiltration. Clin. Cancer Res. 2016, 22, 2261–2270. [Google Scholar] [CrossRef] [PubMed]

	



Wakabayashi, O.; Yamazaki, K.; Oizumi, S.; Hommura, F.; Kinoshita, I.; Ogura, S.; Dosaka-Akita, H.; Nishimura, M. CD4+ T cells in cancer stroma, not CD8+ T cells in cancer cell nests, are associated with favorable prognosis in human non-small cell lung cancers. Cancer Sci. 2003, 94, 1003–1009. [Google Scholar] [CrossRef]

	



Kinoshita, T.; Kudo-Saito, C.; Muramatsu, R.; Fujita, T.; Saito, M.; Nagumo, H.; Sakurai, T.; Noji, S.; Takahata, E.; Yaguchi, T.; et al. Determination of poor prognostic immune features of tumour microenvironment in non-smoking patients with lung adenocarcinoma. Eur. J. Cancer 2017, 86, 15–27. [Google Scholar] [CrossRef]

	



Lin, Y.M.; Sung, W.W.; Hsieh, M.J.; Tsai, S.C.; Lai, H.W.; Yang, S.M.; Shen, K.H.; Chen, M.K.; Lee, H.; Yeh, K.T.; et al. High PD-L1 expression correlates with metastatic and poor prognosis in oral squamous cell carcinoma. PLoS ONE 2015, 10, e0142656. [Google Scholar] [CrossRef]

	



Parra, E.R.; Behrens, C.; Rodriguez-Canales, J.; Lin, H.; Mino, B.; Blando, J.; Zhang, J.; Gibbons, D.L.; Heymach, J.V.; Sepesi, B.; et al. Image Analysis–based Assessment of PD-L1 and Tumor-Associated Immune Cells Density Supports Distinct Intratumoral Microenvironment Groups in Non–small Cell Lung Carcinoma Patients. Clin. Cancer Res. 2016, 22, 6278–6289. [Google Scholar] [CrossRef]

	



Vassilakopoulou, M.; Avgeris, M.; Velcheti, V.; Kotoula, V.; Rampias, T.; Chatzopoulos, K.; Perisanidis, C.; Kontos, C.K.; Giotakis, A.I.; Scorilas, A.; et al. Evaluation of PD-L1 Expression and Associated Tumor-Infiltrating Lymphocytes in Laryngeal Squamous Cell Carcinoma. Clin. Cancer Res. 2016, 22, 704–713. [Google Scholar] [CrossRef]

	



Velcheti, V.; Schalper, K.A.; Carvajal, D.E.; Anagnostou, V.K.; Syrigos, K.N.; Sznol, M.; Herbst, R.S.; Gettinger, S.N.; Chen, L.; Rimm, D.L. Programmed death ligand-1 expression in non-small cell lung cancer. Lab. Investig. 2014, 94, 107–116. [Google Scholar] [CrossRef]

	



Tsao, M.; Le Teuff, G.; Shepherd, F.A.; Landais, C.; Hainaut, P.; Filipits, M.; Pirker, R.; Le Chevalier, T.; Graziano, S.; Kratze, R.; et al. PD-L1 protein expression assessed by immunohistochemistry is neither prognostic nor predictive of benefit from adjuvant chemotherapy in resected non-small cell lung cancer. Ann. Oncol. 2017, 28, 882–889. [Google Scholar] [CrossRef]

	



Marcus, L.; Lemery, S.J.; Keegan, P.; Pazdur, R. FDA Approval Summary: Pembrolizumab for the Treatment of Microsatellite Instability-High Solid Tumors. Clin. Cancer Res. 2019, 25, 3753–3758. [Google Scholar] [CrossRef]

	



Hanna, G.J.; Lizotte, P.; Cavanaugh, M.; Kuo, F.C.; Shivdasani, P.; Frieden, A.; Chau, N.G.; Schoenfeld, J.D.; Lorch, J.H.; Uppaluri, R.; et al. Frameshift events predict anti–PD-1/L1 response in head and neck cancer. JCI Insight 2018, 3, e98811. [Google Scholar] [CrossRef] [PubMed]

	



Park, J.C.; Faquin, W.C.; Durbeck, J.; Faden, D.L. Immune checkpoint inhibitors in sinonasal squamous cell carcinoma. Oral Oncol. 2020, 109, 104776. [Google Scholar] [CrossRef] [PubMed]

	



Ueda, Y.; Okano, S.; Enokida, T.; Fujisawa, T.; Ito, K.; Sato, M.; Tanaka, H.; Wada, A.; Tahara, M. Nivolumab for recurrent or metastatic head and neck cancer patients with non-squamous cell carcinoma and/or a primary subsite excluded from CheckMate141, a retrospective study. Oral Oncol. 2022, 130, 105932. [Google Scholar] [CrossRef] [PubMed]

	



Colevas, A.; Bahleda, R.; Braiteh, F.; Balmanoukian, A.; Brana, I.; Chau, N.; Sarkar, I.; Molinero, L.; Grossman, W.; Kabbinavar, F.; et al. Safety and clinical activity of atezolizumab in head and neck cancer: Results from a phase I trial. Ann. Oncol. 2018, 29, 2247–2253. [Google Scholar] [CrossRef]

	



Blank, C.U.; Haanen, J.B.; Ribas, A.; Schumacher, T.N. CANCER IMMUNOLOGY. The “cancer immunogram”. Science 2016, 352, 658–660. [Google Scholar] [CrossRef]

	



Chabanon, R.M.; Morel, D.; Postel-Vinay, S. Exploiting epigenetic vulnerabilities in solid tumors: Novel therapeutic opportunities in the treatment of SWI/SNF-defective cancers. Semin. Cancer Biol. 2019, 61, 180–198. [Google Scholar] [CrossRef]

	



Jelinic, P.; Ricca, J.; Van Oudenhove, E.; Olvera, N.; Merghoub, T.; A Levine, D.; Zamarin, D. Immune-Active Microenvironment in Small Cell Carcinoma of the Ovary, Hypercalcemic Type: Rationale for Immune Checkpoint Blockade. JNCI J. Natl. Cancer Inst. 2018, 110, 787–790. [Google Scholar] [CrossRef]

	



Ngo, C.; Postel-Vinay, S. Immunotherapy for SMARCB1-Deficient Sarcomas: Current Evidence and Future Developments. Biomedicines 2022, 10, 650. [Google Scholar] [CrossRef] [PubMed]

	



Botta, G.P.; Kato, S.; Patel, H.; Fanta, P.; Lee, S.; Okamura, R.; Kurzrock, R. SWI/SNF complex alterations as a biomarker of immunotherapy efficacy in pancreatic cancer. JCI Insight 2021, 6, e150453. [Google Scholar] [CrossRef]

	



Li, X.; Shi, H.; Zhang, W.; Bai, C.; He, M.; Ta, N.; Huang, H.; Ning, Y.; Fang, C.; Qin, H.; et al. Immunotherapy and Targeting the Tumor Microenvironment: Current Place and New Insights in Primary Pulmonary NUT Carcinoma. Front. Oncol. 2021, 11, 690115. [Google Scholar] [CrossRef] [PubMed]








[image: Biomedicines 10 02205 g001 550] 





Figure 1. Hematoxylin and eosin stainings of representative cases from tumor subtypes ONB (A), SNEC (B), SNUC (C), PD-SNSCC (D), HG-non-ITAC (E) and solid-type ITAC (F). Left column ×100 and right column ×200 magnification. 
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Figure 2. Kaplan–Meier overall survival analysis. All cases (A), according to age (B) and according to tumor subtype (C). 
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Figure 3. Immunohistochemical staining of CD8+ TILs and PD-L1-expressing tumor cells of tumor subtypes ONB (A,B), SNEC (C,D), SNUC (E,F), PD-SNSCC (G,H) HG-non-ITAC (I,J) and solid-type ITAC (K,L). Left column: CD8+ TILs and right column: PD-L1 expression. All images ×200 magnification. 
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Figure 4. Kaplan–Meier overall survival analysis according to CD8+ TIls (A) and according to PD-L1 expression (B). 
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Figure 5. Representative MSI-positive SNUC showing stainings of hematoxylin and eosin (A), PMS2 (B), MLH1 (C), MSH2 (D) and MSH6 (E). Arrows indicate small patches of positive cells. All images ×200 magnification. 
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Table 1. Clinical features of all tumors.
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	Clinical Characteristics
	All
	ONB
	SNEC
	SNUC
	PD-SNSCC
	HG-Non-ITAC
	Solid-Type ITAC
	SmarcB1-Def Carcinoma
	SmarcA4-Def Carcinoma
	NUT Carcinoma





	All
	69
	14
	6
	25
	6
	5
	10
	1
	1
	1



	Age *
	56 (20–83)
	47 (20–69)
	60 (49–77)
	56 (34–83)
	67 (57–77)
	37 (29–47)
	67 (49–82)
	59
	NA
	40



	Sex
	
	
	
	
	
	
	
	
	
	



	      Male
	35/65 (54)
	3/13 (23)
	2/6 (33)
	13/27 (52)
	4/5 (80)
	3/4 (75)
	9/10 (90)
	1 (100)
	NA
	0 (0)



	      Female
	30/65 (46)
	10/13 (77)
	4/6 (67)
	12/27 (48)
	1/5 (20)
	1/4 (25)
	1/10 (10)
	0 (0)
	NA
	1 (100)



	Disease stage
	
	
	
	
	
	
	
	
	
	



	      I
	8/64 (12)
	0/13 (0)
	0/6 (0)
	0/27 (0)
	4/5 (80)
	2/3 (67)
	2/10 (20)
	0 (0)
	NA
	0 (0)



	      II
	24/64 (38)
	7/13 (54)
	4/6 (67)
	10/27 (40)
	1/5 (20)
	1/3 (33)
	0/10 (0)
	0 (0)
	NA
	1 (100)



	      III
	8/64 (12)
	2/13 (15)
	1/6 (17)
	2/27 (8)
	0/5 (0)
	0/3 (0)
	3/10 (30)
	0 (0)
	NA
	0 (0)



	      IVa
	20/64 (31)
	4/13 (31)
	0/6 (0)
	13/27 (52)
	0/5 (0)
	0/3 (0)
	2/10 (20)
	1 (100)
	NA
	0 (0)



	      IVb
	4/64 (6)
	0/13 (0)
	1/6 (17)
	0/27 (0)
	0/5 (0)
	0/3 (0)
	3/10 (30)
	0 (0)
	NA
	0 (0)



	Recurrence
	19/32 (59)
	5/7 (71)
	2/2 (100)
	4/12 (33)
	NA
	1/1 (100)
	7/10 (70)
	NA
	NA
	NA



	Follow up *
	31 (1–172)
	56 (1–172)
	17 (8–26)
	29 (1–97)
	12 (12–12)
	39 (39–39)
	19 (1–84)
	NA
	NA
	NA



	Patient status
	
	
	
	
	
	
	
	
	
	



	      Alive
	17/33 (52)
	6/7 (86)
	1/2 (50)
	7/12 (58)
	1/1 (100)
	0/1 (0)
	2/10 (20)
	NA
	NA
	NA



	      DOD
	13/33 (39)
	1/7 (14)
	1/2 (50)
	3/12 (25)
	0/1 (0)
	1/1 (100)
	7/10 (70)
	NA
	NA
	NA



	      DOC
	3/33 (9)
	0/7 (0)
	0/2 (0)
	2/12 (17)
	0/1 (0)
	0/1 (0)
	1/10 (10)
	NA
	NA
	NA







Legend. *: mean (range); NA: not available; DOD: died of disease; DOC: died of other causes.
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Table 2. CD8+ TILs, PD-L1 and MSI scores according to tumor subtype.
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	CD8+ TILs > 10%
	PD-L1 > 5%
	MSI-Positive





	ONB
	3/14 (21%)
	2/14 (14%)
	0/14 (0%)



	SNEC
	1/6 (17%)
	2/6 (33%)
	2/6 (33%)



	SNUC
	8/25 (32%)
	4/25 (16%)
	2/25 (8%)



	PD-SNSCC
	2/6 (33%)
	5/6 (83%)
	0/6 (0%)



	HG-non-ITAC
	3/5 (60%)
	4/5 (80%)
	1/5 (20%)



	Solid-type ITAC
	6/10 (60%)
	5/10 (50%)
	0/10 (0%)



	SmarcB1-def carcinoma
	0/1 (0%)
	1/1 (100%)
	0/1 (0%)



	SmarcA4-def carcinoma
	0/1 (0%)
	0/1 (0%)
	0/1 (0%)



	NUT carcinoma
	0/1 (0%)
	0/1 (0%)
	0/1 (0%)



	All
	23/69 (33%)
	23/69 (33%)
	5/69 (7%)
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