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The nasal cavities and paranasal sinuses are the site of origin of a wide spectrum of
histologically and clinically distinct disease entities [1,2]. The classification of tumors aris-
ing from these sites can be challenging when using routine diagnostic markers, particularly
as there are many poorly differentiated subtypes with overlapping features. Our Special
Issue on sinonasal cancer includes novel and highly exciting findings on sinonasal squa-
mous cell carcinoma (SNSCC), inverted papilloma (ISP), intestinal-type adenocarcinoma
(ITAC), undifferentiated carcinoma (SNUC), neuroendocrine carcinoma (SNEC), olfactory
neuroblastoma (ONB), SMARCB1- and SMARCA4-deficient sinonasal carcinomas, and
malignant mucosal melanoma (MMM).

In spite of some therapeutic advances in the field of head and neck cancer manage-
ment, recurrences remain frequent for some subtypes and the overall 5-year survival rate
is still low (20–70%), with a huge variability according to histology and stage [3,4]. This
poor prognosis is likely multifactorial and may be caused by intrinsic tumor factors, such
as subtype and resistance to irradiation and systemic therapy as well as the difficulty to
achieve complete resection due to the extent of the tumor or the proximity of important
anatomical structures, such as the orbit and brain. With a combined incidence of approx-
imately 0.5–1.0 cases per 100,000 per year, sinonasal malignancies are considered rare
cancers [5]. Although rare tumors comprise approximately 20% of all cancer patients, new
advances lag significantly behind to those reported in more common solid cancers [6].
Comprehensive molecular studies are scarce and very few patients with rare cancers are
offered enrollment in clinical trials. Nevertheless, some progress has been made in recent
years with regard to surgical techniques, precision imaging modalities and radiotherapy,
and in the identification of molecular alterations that may improve diagnosis, prognosis
and the stratification of treatment.

Indeed, the upcoming WHO Classification of Head and Neck Tumors already recog-
nizes a number of tumor entities based on protein expression, chromosomal translocations,
oncogenic virus infection or specific gene mutations [1,2]. Examples are NUT carcinoma de-
fined by t(15;19) NUT-BRD4 rearrangement and SMARCB1 (INI-1)- and SMARCA4 (BRG1)-
deficient sinonasal carcinomas characterized by the absence of SMARCB1 or SMARCA4
protein expression. A detailed description of diagnostically relevant genetic aberrations can
be found in the paper by Taverna et al. in this Special Issue [7]. In addition, methylation
profiling has been shown to allow the classification of sinonasal tumor subtypes, even
identifying subgroups of tumors within SNUC and SNEC [8]. A similar approach to aid
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and finetune the diagnosis of the multitudinous subtypes of brain tumors has now been
implemented by the WHO Classification of Tumors [9]. Further confirmatory studies will
be needed to reach such a consensus for the classification of sinonasal tumors by con-
trasting methylation profiling and testing for other common molecular alterations with
histopathological examination.

Genetic analysis also allows for the identification of molecular targets for modern
targeted therapies. Several studies on tumor-infiltrating lymphocytes and aspects of the
PD-L1/PD1 checkpoint have indicated a role for immunotherapy in several sinonasal
tumor subtypes [10–16], and we strongly encourage research into the clinical response to
treatment with immune checkpoint inhibitors in sinonasal cancers such as recently reported
on MMM [17]. Next-generation sequencing identified recurrent subtype-unique mutations
including: APC, CTNNB1, PIK3CA and KRAS in ITAC, EGFR and CDKN2A in SNSCC,
NRAS and NF1 in MMM, IDH2 in SNUC, and ARID1A, SMARCB1 and SMARCA4 in SNEC,
SNUC and TCS [18–26]. Other markers such as Somatostatin receptor 2 (SSTR2) expression
were also reported in sinonasal cancers, such as in ONB [27]. Moreover, genetically well-
characterized stable tumor cell lines, organoids and animal models are becoming available
for the preclinical testing of candidate therapeutic agents [28–32]. In summary, these studies
may form the basis for a personalized treatment approach for sinonasal cancers. Candidate
therapies include PI3K/mTOR inhibitors for ITAC, EGFR and CDK4/6 inhibitors for
SNSCC, MEK inhibitors for MMM, IDH2 inhibitors for SNUC/SNEC/ONB, and EZH2
inhibitors for SNUC/TCS, while DNA repair and FGFR inhibitors may be considered for
many of the sinonasal tumor subtypes.

This Special Issue contains 15 papers on genetic, histopathological and clinical aspects
of sinonasal tumors, including eight studies presenting new data on genetic aberrations,
two studies on etiology and molecular pathology and five reports on advances in surgical
approaches and clinical management.

In an extensive study of 220 sinonasal tumors and 10 cell lines, Hieggelke et al.
reported that 3% of primary SNSCC and one SNSCC cell line (SCCNC5) display mismatch
repair deficiency and 5% of high-risk and 10% of low-risk HPV. Using an NGS panel of
36 cancer-related genes, they reported recurrent EGFR exon 20 mutations in ISP (89%) and in
ISP-related SNSCC (74%), but none in other sinonasal tumor types [33]. Focusing on these
mutations and investigating their candidacy as targets for therapy with modern inhibitors,
Pacini et al. present a detailed overview of what is known on EGFR exon 20 mutations
in non-small cell lung cancer (NSCLC) and in SNSCC and the lessons that can be learned
from the targeted treatment of NSCLC for application to SNSCC [34]. Other mutations
reported by Hieggelke et al. included TP53, PIK3CA, CDKN2A and were commonly seen in
SNSCC, SNEC, SNUC and SNAC. The authors conclude that testing of genetic biomarkers
including mismatch repair testing will provide useful information for an individualized
therapeutic strategy [33]. Results of a similar NGS approaches were presented in two
papers focusing on poorly differentiated sinonasal tumors and on ITAC [20,35].

Libera et al. combined NGS using a 22 cancer-gene panel with additional immunohis-
tochemistry, PCR sequencing, MLPA gene copy number and LINE-1 methylation analysis
on 53 cases of SNUC, SNEC and SNSCC [35]. SMARCB1 deficiency and IDH2 mutation
was found in nine and five cases, thus changing the original diagnosis of these tumors.
They also showed that these 14 cases had significantly higher LINE-1 methylation levels
and that this change was associated with a poorer clinical outcome. They also reported that
IDH2-mutated tumors are associated with a worse outcome, which is different from what
had been published in the literature beforehand [25,36] and larger studies are required to
confirm these findings. Having said this, their reported association of IDH2-mutation as
well as SMARCB1 deficiency with aberrant global methylation was later confirmed by a
very recent large methylation study on sinonasal cancers [8].

Riobello et al. applied a 120-gene NGS panel to a cohort of 50 ITAC and reported
on four signaling pathways that appear to be frequently affected in ITAC by mutations,
specifically the Wnt, DNA repair, MAPK and PI3K pathway, in 20–30% of cases. Neither
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were these mutations mutually exclusive nor were they specific for histologically diagnosed
subtypes of ITAC and they were not significantly associated with clinical outcomes or other
clinical variables. The authors conclude that ITAC is genetically heterogeneous and that
the four signaling pathways may be amenable to therapeutically targeting this disease [20].
Another interesting study on ITAC was published by Schatz et al. They studied 145 cases of
ITAC and demonstrated significant upregulation of several eukaryotic translation initiation
factors downstream of MAPK and PI3K signaling pathways. These may represent novel
candidate therapeutic targets [37].

The high incidence of recurrences and distant failures in MMM is the main cause
of death, with reported one-, three-, and five-year recurrence-free and overall survival
of 61, 31, and 22%, and 78, 49, and 38%, respectively [17]. With the aim to tackle this,
Freiberger et al. presented a pioneer longitudinal study on MMM describing an observed
‘switch’ from KRAS, KIT or no mutation in primary tumors to solely genomic alterations in
NRAS in recurrent tumor, after developing resistance to immunotherapy. Their exciting
results provide a rationale for combined treatment with MEK and PD-1/PD-L1 immune
checkpoint inhibitors in MMM [38].

Two studies have shed more light on the role of HPV in SNSCC [39,40]. Both studies
found that HPV-positive SNSCC patients have a more favorable survival than HPV-negative
cases, similar to what had been described for oropharyngeal squamous cell carcinoma [41].
Both also agree that p16 immunohistochemistry is not a reliable surrogate marker for HPV,
in line with previous results showing that p16 IHC is not reliable as a marker outside the
oropharynx [42] and that HPV E6/E7 mRNA expression may be the gold standard for the
determination of HPV status. However, p16 may still play a role in the carcinogenesis of
this disease and the loss of expression, as well as CDKN2A inactivating mutations, and may
play a role in the progression from ISP to SNSCC [19,43].

Taverna et al. provide a comprehensive overview of the histology and molecular
pathology of sinonasal tumor subtypes in general. They described the latest diagnostically
relevant findings of a field that progresses quickly [7]. Specifically focusing on adenocar-
cinomas, Leivo et al. demonstrate geographical differences in the incidence of ITAC and
non-intestinal-type adenocarcinoma, possibly reflecting differences in wood dust exposure
as an etiological factor [44].

Finally, five papers in this Special Issue give an excellent overview of advances in
imaging, surgery and radiotherapy techniques, their application and effectiveness for
sinonasal tumors, and the challenges that still lie ahead. Salfrant et al. present a detailed
description of pre-surgery imaging with regard to tumor extension and invasion into the
orbit and brain, which is relevant for prognostic evaluation and treatment planning [45].
Chatelet et al. provide a complete overview of surgical techniques, the criteria to choose
which ones to apply to sinonasal tumors to and the clinical outcomes and morbidities of the
different techniques [46]. Gallioni et al. focused on the challenges with managing possible
lymph node metastases in the neck region, whose incidence differs among the sinonasal
cancer subtypes and increases during follow-up. Choices for a watchful waiting approach or
surgical or radiotherapeutic elective neck treatment are reviewed [47]. Thariat et al. describe
developments in radiotherapy, including precision intensity-modulated radiotherapy and
charged particle therapy, techniques that require skill and good knowledge of the anatomy
of the sinonasal cavities that can change during the course of radiotherapy. Choices for types
of radiotherapy in relation to better local control and decrease toxicity are discussed [48].
Finally, Eide et al. show how all these clinical advances, but also molecular pathological
aspects are to be taken into consideration specifically for the treatment of ISP and associated
SNSCC, and how they may affect clinical outcome [49].

The papers published in this Special Issue demonstrate the immense value of multidis-
ciplinary international collaboration between ENT physicians, pathologists, radiotherapists,
oncologists and geneticists to advance clinical management and outcomes. In the coming
years, further progress could be made if patients with these very rare cancers are treated
in designated centers of excellence that can accumulate the necessary clinical expertise.
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Telepathology networks could be set up to discuss difficult-to-diagnose cases and special-
ized centers could offer affordable molecular genetic analysis, thus standardizing both the
classification and identification of clinically actionable alterations for modern therapies.

New initiatives are being taken forward to stimulate such multidisciplinary, multina-
tional research collaboration, e.g., the European Network for Sinonasal Cancer Research
(EUSICA) and the European reference network for rare adult solid cancers (EURACAN) in
Europe and the Cole-Reagins Registry for Sinonasal Cancer (CORSICA) and Rare Cancer
research Program in the USA [50–53]. The aim of these collaborations is to harmonize the
prospective collection of clinical data for comprehensive analysis of multidimensional data,
and to share in vitro and in vivo preclinical models, and to provide the ideal set-up to offer
patients participation in the latest clinical trials, examples of which are the recently funded
proton-beam-therapy PROTIS trial on sinonasal cancer in the UK and the bintrafusp alfa
BARON trial on ONB in the USA [54,55].

We, as guest editors, would like to thank all the contributing authors for sharing their
excellent work in this Special Issue and the Cancers Editorial and Administration team for
their technical support. We hope that this Special Issue will encourage and inspire many of
our colleagues researching sinonasal cancers and further advance the field. We also hope
that we have inspired colleagues to join the various initiatives and for these to prosper
and eventually significantly improve clinical care and survival of sinonasal cancer patients
across the globe.
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M.; Liu, Y.; et al. Alterations in key signaling pathways in sinonasal tract melanoma. A molecular genetics and immunohisto-
chemical study of 90 cases and comprehensive review of the literature. Mod. Pathol. 2022, 35, 1609–1617. [CrossRef]

25. 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. 2020, 44, 396–405. [CrossRef]

26. Rooper, L.M.; Bishop, J.A.; Faquin, W.C.; Foss, R.D.; Gallia, G.L.; Jo, V.Y.; Lewis, J.S., Jr.; Nishino, M.; Stelow, E.B.; Thompson,
L.D.R.; et al. Sinonasal Tumors With Neuroepithelial Differentiation (Olfactory Carcinoma): Delineation of Their Pathologic and
Clinical Features With Insights into Their Relationship to Olfactory Neuroblastoma and Sinonasal Carcinoma. Am. J. Surg. Pathol.
2022, 46, 1025–1035. [CrossRef]

27. Lechner, M.; Takahashi, Y.; Turri-Zanoni, M.; Liu, J.; Counsell, N.; Hermsen, M.; Kaur, R.P.; Zhao, T.; Ramanathan, M., Jr.;
Schartinger, V.H.; et al. Clinical outcomes, Kadish-INSICA staging and therapeutic targeting of somatostatin receptor 2 in
olfactory neuroblastoma. Eur. J. Cancer 2022, 162, 221–236. [CrossRef]

28. García-Inclán, C.; López-Hernández, A.; Alonso-Guervós, M.; Allonca, E.; Potes, S.; López, F.; Llorente, J.L.; Hermsen, M.
Establishment and genetic characterization of six unique tumor cell lines as preclinical models for sinonasal squamous cell
carcinoma. Sci. Rep. 2014, 4, 4925. [CrossRef]

29. Pérez-Escuredo, J.; García Martínez, J.; García-Inclán, C.; Vivanco, B.; Costales, M.; Álvarez Marcos, C.; Llorente, J.L.; Hermsen,
M.A. Establishment and genetic characterization of an immortal tumor cell line derived from intestinal-type sinonasal adenocarci-
noma. Cell Oncol. 2011, 34, 23–31. [CrossRef]

30. Takahashi, Y.; Kupferman, M.E.; Bell, D.; Jiffar, T.; Lee, J.G.; Xie, T.X.; Li, N.W.; Zhao, M.; Frederick, M.J.; Gelbard, A.; et al.
Establishment and Characterization of Novel Cell Lines from Sinonasal Undifferentiated CarcinomaNovel Experimental SNUC
Model. Clin. Cancer Res. 2012, 18, 6178–6187. [CrossRef]

31. Costales, M.; López, F.; García-Inclán, C.; Fernández, S.; Llorente, J.L.; Hermsen, M. Establishment and characterization of an
orthotopic sinonasal squamous cell carcinoma mouse model. Head Neck 2015, 37, 1769–1775. [CrossRef]

http://doi.org/10.3390/vaccines8020202
http://doi.org/10.3390/ijms22136926
http://doi.org/10.3390/biomedicines10092205
http://doi.org/10.2147/CMAR.S201568
http://doi.org/10.1002/lary.29820
http://www.ncbi.nlm.nih.gov/pubmed/34415055
http://doi.org/10.1055/s-0042-1750178
http://doi.org/10.1158/0008-5472.CAN-15-0340
http://doi.org/10.1038/s41379-020-00716-3
http://www.ncbi.nlm.nih.gov/pubmed/33203919
http://doi.org/10.3390/cancers13195022
http://doi.org/10.1038/s41598-020-80242-z
http://doi.org/10.1007/s00432-020-03421-5
http://doi.org/10.1002/path.4915
http://doi.org/10.1038/s41379-022-01122-7
http://doi.org/10.1097/PAS.0000000000001420
http://doi.org/10.1097/PAS.0000000000001908
http://doi.org/10.1016/j.ejca.2021.09.046
http://doi.org/10.1038/srep04925
http://doi.org/10.1007/s13402-010-0002-8
http://doi.org/10.1158/1078-0432.CCR-12-1876
http://doi.org/10.1002/hed.23832


Cancers 2023, 15, 1675 6 of 6

32. Gelbard, A.; Kupferman, M.E.; Jasser, S.A.; Chen, W.; El-Naggar, A.K.; Myers, J.N.; Hanna, E.Y. An orthotopic murine model of
sinonasal malignancy. Clin Cancer Res. 2008, 14, 7348–7357. [CrossRef]

33. 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. [CrossRef]

34. Pacini, L.; Cabal, V.N.; Hermsen, M.A.; Huang, P.H. EGFR Exon 20 Insertion Mutations in Sinonasal Squamous Cell Carcinoma.
Cancers 2022, 14, 394. [CrossRef]

35. Libera, L.; Ottini, G.; Sahnane, N.; Pettenon, F.; Turri-Zanoni, M.; Lambertoni, A.; Chiaravalli, A.M.; Leone, F.; Battaglia, P.;
Castelnuovo, P.; et al. Methylation Drivers and Prognostic Implications in Sinonasal Poorly Differentiated Carcinomas. Cancers
2021, 13, 5030. [CrossRef]

36. Glöss, S.; Jurmeister, P.; Thieme, A.; Schmid, S.; Cai, W.Y.; Serrette, R.N.; Perner, S.; Ribbat-Idel, J.; Pagenstecher, A.; Bläker, H.;
et al. IDH2 R172 Mutations Across Poorly Differentiated Sinonasal Tract Malignancies: Forty Molecularly Homogenous and
Histologically Variable Cases With Favorable Outcome. Am. J. Surg. Pathol. 2021, 45, 1190–1204. [CrossRef] [PubMed]

37. Schatz, C.; Sprung, S.; Schartinger, V.; Codina-Martínez, H.; Lechner, M.; Hermsen, M.; Haybaeck, J. Dysregulation of Translation
Factors EIF2S1, EIF5A and EIF6 in Intestinal-Type Adenocarcinoma (ITAC). Cancers 2021, 13, 5649. [CrossRef]

38. Freiberger, S.N.; Turko, P.; Hüllner, M.; Dummer, R.; Morand, G.B.; Levesque, M.P.; Holzmann, D.; Rupp, N.J. Who’s Driving?
Switch of Drivers in Immunotherapy-Treated Progressing Sinonasal Melanoma. Cancers 2021, 13, 2725. [CrossRef] [PubMed]

39. Tendron, A.; Classe, M.; Casiraghi, O.; Pere, H.; Even, C.; Gorphe, P.; Moya-Plana, A. Prognostic Analysis of HPV Status in
Sinonasal Squamous Cell Carcinoma. Cancers 2022, 14, 1874. [CrossRef]

40. Sharma, A.; Tang, A.L.; Takiar, V.; Wise-Draper, T.M.; Langevin, S.M. Human Papillomavirus and Survival of Sinonasal Squamous
Cell Carcinoma Patients: A Systematic Review and Meta-Analysis. Cancers 2021, 13, 3677. [CrossRef] [PubMed]

41. Ang, K.K.; Harris, J.; Wheeler, R.; Weber, R.; Rosenthal, D.I.; Nguyen-Tân, P.F.; Westra, W.H.; Chung, C.H.; Jordan, R.C.; Lu, C.;
et al. Human papillomavirus and survival of patients with oropharyngeal cancer. N. Engl. J. Med. 2010, 363, 24–35. [CrossRef]

42. Lechner, M.; Chakravarthy, A.R.; Walter, V.; Masterson, L.; Feber, A.; Jay, A.; Weinberger, P.M.; McIndoe, R.A.; Forde, C.T.; Chester,
K.; et al. Frequent HPV-independent p16/INK4A overexpression in head and neck cancer. Oral Oncol. 2018, 83, 32–37. [CrossRef]

43. Menéndez Del Castro, M.; Naves Cabal, V.; Vivanco, B.; Suárez-Fernández, L.; López, F.; Llorente, J.L.; Hermsen, M.A.; Álvarez-
Marcos, C. Loss of p16 expression is a risk factor for recurrence in sinonasal inverted papilloma. Rhinology 2022, 60, 453–461.
[CrossRef]

44. Leivo, I.; Holmila, R.; Luce, D.; Steiniche, T.; Dictor, M.; Heikkilä, P.; Husgafvel-Pursiainen, K.; Wolff, H. Occurrence of Sinonasal
Intestinal-Type Adenocarcinoma and Non-Intestinal-Type Adenocarcinoma in Two Countries with Different Patterns of Wood
Dust Exposure. Cancers 2021, 13, 5245. [CrossRef]

45. Salfrant, M.; Garcia, G.C.T.E.; Guichard, J.P.; Bidault, F.; Reizine, D.; Aupérin, A.; Bresson, D.; Verillaud, B.; Herman, P.; Moya-
Plana, A. Imaging of Skull Base and Orbital Invasion in Sinonasal Cancer: Correlation with Histopathology. Cancers 2021, 13, 4963.
[CrossRef]

46. Chatelet, F.; Simon, F.; Bedarida, V.; Le Clerc, N.; Adle-Biassette, H.; Manivet, P.; Herman, P.; Verillaud, B. Surgical Management
of Sinonasal Cancers: A Comprehensive Review. Cancers 2021, 13, 3995. [CrossRef]

47. Galloni, C.; Locatello, L.G.; Bruno, C.; Cannavicci, A.; Maggiore, G.; Gallo, O. The Role of Elective Neck Treatment in the
Management of Sinonasal Carcinomas: A Systematic Review of the Literature and a Meta-Analysis. Cancers 2021, 13, 1842.
[CrossRef] [PubMed]

48. Thariat, J.; Carsuzaa, F.; Marcy, P.Y.; Verillaud, B.; de Gabory, L.; Ferrand, F.R. Precision Postoperative Radiotherapy in Sinonasal
Carcinomas after Endonasal Endoscopic Surgery. Cancers 2021, 13, 4802. [CrossRef]

49. Eide, J.G.; Welch, K.C.; Adappa, N.D.; Palmer, J.N.; Tong, C.C.L. Sinonasal Inverted Papilloma and Squamous Cell Carcinoma:
Contemporary Management and Patient Outcomes. Cancers 2022, 14, 2195. [CrossRef]

50. Available online: www.eusica.org (accessed on 12 February 2023).
51. Available online: https://euracan.eu (accessed on 12 February 2023).
52. Available online: https://d3b.center/corsica (accessed on 12 February 2023).
53. Available online: https://cdmrp.health.mil/rcrp (accessed on 12 February 2023).
54. Available online: https://www.icr.ac.uk/news-archive/first-uk-clinical-trial-in-proton-beam-therapy (accessed on 12 Febru-

ary 2023).
55. Available online: https://clinicaltrials.gov/ct2/show/NCT05012098 (accessed on 12 February 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1158/1078-0432.CCR-08-0977
http://doi.org/10.3390/cancers13236081
http://doi.org/10.3390/cancers14020394
http://doi.org/10.3390/cancers13195030
http://doi.org/10.1097/PAS.0000000000001697
http://www.ncbi.nlm.nih.gov/pubmed/34265800
http://doi.org/10.3390/cancers13225649
http://doi.org/10.3390/cancers13112725
http://www.ncbi.nlm.nih.gov/pubmed/34072863
http://doi.org/10.3390/cancers14081874
http://doi.org/10.3390/cancers13153677
http://www.ncbi.nlm.nih.gov/pubmed/34359578
http://doi.org/10.1056/NEJMoa0912217
http://doi.org/10.1016/j.oraloncology.2018.06.006
http://doi.org/10.4193/Rhin22.143
http://doi.org/10.3390/cancers13205245
http://doi.org/10.3390/cancers13194963
http://doi.org/10.3390/cancers13163995
http://doi.org/10.3390/cancers13081842
http://www.ncbi.nlm.nih.gov/pubmed/33924359
http://doi.org/10.3390/cancers13194802
http://doi.org/10.3390/cancers14092195
www.eusica.org
https://euracan.eu
https://d3b.center/corsica
https://cdmrp.health.mil/rcrp
https://www.icr.ac.uk/news-archive/first-uk-clinical-trial-in-proton-beam-therapy
https://clinicaltrials.gov/ct2/show/NCT05012098

	References

