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Abstract
Purpose of Review The management of paranasal/sinonasal malignancies continues to evolve with improvements in surgical 
techniques, advances in the delivery of radiation therapy, and development of new systemic therapies. We aim to discuss 
the management of paranasal sinus malignancies, which often involves multimodality therapy, with a primary focus on the 
radiotherapy aspects of care.
Recent Findings Advances in the delivery of radiation therapy have led to a variety of new strategies for the treatment of 
paranasal sinus malignancies, often allowing for an improved therapeutic ratio maximizing the dose to the target while 
reducing the dose to the surrounding normal structures.
Summary Radiation therapy plays a key role in the management of many paranasal sinus malignancies. Continued advances 
in the delivery of radiation therapy may provide futher improvement in the risk/benefit ratio for radiotherapy as primary, 
neoadjuvant, or advant treatment in this setting.
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Introduction

Sinonasal malignancies are a rare tumor population, making 
up only 3–5% of all head and neck cancers, with approxi-
mately 2000 Americans being diagnosed with this type 
of neoplasm per year [1–3]. This group includes those 
tumors denominated as sinonasal or paranasal sinus tumors 
which originate from the nasal cavity and/or the maxillary, 
ethmoid, sphenoid, and frontal sinuses, and represents a 
diverse group of tumor histologies with distinct biologic 
and pathologic behaviors, requiring different treatment 
approaches. Tumors located in this region present unique 
challenges in determining the best treatment approach due 
to the complex anatomy in the region.

Due to the nonspecific nature of many of the presenting 
symptoms of these tumors, they are often diagnosed in a 
later stage. Symptoms include nasal obstruction, epistaxis, 

rhinorrhea, or pain in the region that may initially be thought 
of coming from a benign etiology [4]. Treatment of sinona-
sal tumors often requires multimodality treatment, includ-
ing a combination of surgery, radiation therapy (RT), and 
chemotherapy, and should be done under the supervision of 
a multidisciplinary team. Surgery is the primary treatment 
modality for many of these tumors, which may be proceed 
or be followed by radiation and/or chemotherapy; however, 
in some cases, tumors may be unresectable or would result 
in unacceptable morbidity/cosmetic outcomes [5–8]. Sur-
gical techniques have evolved over the years from more 
extensive craniofacial resections to an increased utiliza-
tion of endoscopic or combined approaches. In the age of 
intensity modulated radiation therapy (IMRT) and proton 
therapy (PT), treatment with radiation therapy, either as the 
primary local treatment modality or in some specific clini-
cal situations as a neoadjuvant or adjuvant treatment, has 
significantly improved over the years [9–11]. With either 
local treatment modality, care must be taken in determining 
the best treatment(s) to minimize morbidity in this anatomi-
cally complex region.

While there are a diverse group of histologies that 
can develop in this region, our primary aim is to review 
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treatment advances in radiation therapy for management of 
this diverse group of malignant histologies.

Histologies

Squamous Cell Carcinoma

Squamous cell carcinomas (SCC) represent the most com-
mon histology of all sinonasal cancers, accounting for 
approximately 80% of tumors diagnosed in this location [3]. 
This histologic subtype has a higher risk of nodal involve-
ment compared to other nasal and paranasal sinus tumor 
histologies, with rates of up to 30% of patients having cervi-
cal neck or retropharyngeal nodal involvement at diagnosis 
[9, 12–14]. Like many tumors in this location, SCC often 
presents at a late stage. Local failures are a major concern 
for relapse. There have been some studies that have shown a  
relationship with HPV and a subgroup of SCC of the sinona-
sal region, but the prognostic significance of HPV has not 
been clearly established [15, 16]. One retrospective single 
institutional study reporting on their outcomes of SCC of  
the paranasal cavity found some discordance in tumor speci-
mens testing positive (n = 11) or doubtful (n = 5) for p16 
on immunohistochemistry but did not test positive for HPV 
(n = 9) on HPV RNAscope testing. They noted a numeri-
cal improvement in OS and PFS in p16 + patients treated 
with curative intent, and there was a statistically significant 
improvement in curatively treated HPV + patients. Looking  
specifically at HPV + patients who had surgery with adjuvant  
RT, they trended toward improved OS and had significantly 
better PFS. Notably, HPV + patients tended to be younger at 
diagnosis with mainly nasal fossa primary location, with pri-
maries in this location tending to have improved outcomes 
prior to stratifying by HPV status [17].

If resectable, standard treatment for these tumors is 
surgery upfront followed by adjuvant RT with or without 
chemotherapy, depending on pathologic features. Surgery 
may be done via an endoscopic, craniofacial, or combined 
approach, depending on the location and extent of disease 
[18]. Adjuvant radiation doses range from 60–66 Gy to the 
postoperative primary surgical bed, depending on the sur-
gical margin and presence of high-risk pathologic features 
such as lymphovascular invasion or perineural invasion. If 
the tumor is unresectable, RT may be used as the primary 
local treatment modality and typically uses doses around 
66–70 Gy to target the gross disease [19–23]. Current data 
suggests 3- and 5-year local control rates ranging from 
75–85% and 50–70%, respectively and overall survival rates 
of 60–80% and 40–55% at the same time points for SCC in 
the sinonasal region [3, 11, 19, 21, 23–26].

The maxillary sinus is the most common subsite of malig-
nancy. Tumors in this location have a reported incidence 

of up to 20% of nodal involvement at diagnosis in T3-T4 
lesions, and it is not uncommon for initially clinically N0 
patients to develop regional nodal recurrences later on, with 
reports of over 30% of these patients having nodal relapse 
without elective nodal irradiation (ENI). The at risk areas for 
nodal involvement at diagnosis and for regional recurrences 
include ipsilateral level IB, II, preauricular area and con-
tralateral level II; however, the decision to treat the at risk 
neck regions should be made on an individual patient basis, 
with the primary benefit seen in improved loco-regional con- 
trol. If there is posterior nasal cavity or posterior ethmoid 
sinus involvement, there should be consideration for includ-
ing the retropharyngeal lymph nodes in the ENI volume. For 
tumors that do not cross the midline and present with N0 
disease, it is reasonable to include only the ipsilateral neck, 
particularly levels Ib-III, VIIa, and IX [27, 28]. ENI has 
demonstrated a reduction in the risk of neck recurrence from 
36 to 7% and distant metastasis from 20 to 3% at 5 years, 
although this did not translate into an improvement in over-
all survival [29]. Locally, these tumors may extend into the 
nasal cavity, nasopharynx, ethmoid cells, orbits, pterygo-
palatine fossa, palate, and even the skull base and cavernous 
sinus. It is important to consider the potential at risk routes 
of spread when designing radiation treatment volumes to 
minimize the chance of a local recurrence and treatment 
related toxicities.

For select stage I tumors of the sinonasal tract (nasal cav-
ity and ethmoid sinus), single modality treatment with sur-
gery or RT may be curative. For locally advanced tumors, 
multimodality treatment with surgery followed by adjuvant 
RT is usually indicated [30–32].

Adenocarcinoma

Adenocarcinomas of the paranasal sinus region represent a 
diverse group of malignancies that account for 10–20% of all 
nasal cavity and paranasal sinus tumors [33]. These tumors 
are classified as salivary and non-salivary type adenocar-
cinomas, with the latter group being further divided into 
intestinal and non-intestinal type [34, 35].

The primary treatment modality of these tumors, similar 
to those with SCC histology, is surgery if resectable, fol-
lowed by RT ± chemotherapy used in the adjuvant setting, 
depending on the final pathology. Doses of 60–66 Gy are 
used in the adjuvant setting, with higher doses in the realm 
of 70 Gy being used as primary local treatment in the case 
of unresectable and/or inoperable tumors. These tumors tend 
to be more aggressive compared to SCC, with 5-yr OS rates 
of 40–60% in salivary-type tumors; however, there are low 
grade adenocarcinomas that tend to have a less aggressive 
natural history [2, 36, 37]. Non-salivary, intestinal-type 
adenocarcinoma (ITAC) tends to have a behavior similar 
to that of a high-grade malignancy, with rates of over 50% 
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local recurrences, 8% cervical lymph node metastases, and 
13% distant metastasis in an analysis of 213 cases, with 60% 
of patients ultimately dying from their disease, most within 
3 years of diagnosis [33], Compared to SCC, high grade 
adenocarcinomas tend to have an increased propensity for 
distant metastasis, with 11% versus 37%, respectively, of 
maxillary sinus patients developing distant metastasis at 
5 years [29]. Low grade nonintestinal-type adenocarcino-
mas represent a small subset of sinonasal adenocarcinomas, 
accounting for approximately 13% of all sinonasal adeno-
carcinomas, and are most commonly found in the ethmoid 
sinus, nasal cavity, and maxillary sinus. Standard treatment 
consists of surgical resection, with adjuvant RT as an option. 
While local recurrences are possible, these tumors rarely 
metastasize, and the overall outlook for these patients is 
quite favorable, with only 2 of 23 patients dying of disease in 
one retrospective study with a median follow up of 6.3 years 
[38].

Adenoid Cystic Carcinoma

Adenoid cystic carcinoma (ACC) may also develop in this 
region. One of the distinguishing characteristics of this 
tumor type is its propensity for perineural spread and exten-
sion into the skull base, with reports of at least half of ACCs 
having perineural invasion (PNI) [39, 40]. PNI is associ-
ated with a poorer prognosis, with increased local recur-
rence and reduced overall survival [41]. From a symptomatic 
perspective, extensive PNI can cause debilitating neurologic 
symptoms, including neuropathic pain, numbness, and motor 
nerve dysfunction.

Conversely, these tumors have a low propensity of lym-
phatic spread. The mainstay of treatment involves primary 
surgical resection, if resectable, followed by adjuvant radia-
tion therapy to improve local control. Radiation doses of 
60–66 Gy are standard for the adjuvant therapy, with higher 
doses reaching 70 Gy used if there is gross residual disease 
or when radiation is the primary local treatment modality 
[24, 26, 42, 43].

Any involved nerves should be included within the treat-
ment field, covering the nerve’s path to the skull base, and 
in some cases, may track all the way to the brainstem, pend-
ing the degree of nerve involvement. The RT dose used for 
nerve coverage depends on the extent of nerve involvement. 
For microscopic PNI, 50–60 Gy may be used. For positive 
margin along the nerve or gross disease or PNI visualized 
on imaging, higher doses reaching 70 Gy may be used. Due 
to the proximity of critical neurologic structures, this is an 
area where the use of proton therapy is especially beneficial 
in minimizing dose to non-target tissues while maintaining 
coverage of the target [22, 25, 26, 42]. The use of proton 
therapy has also demonstrated an advantage in local control 
compared to photon treatments. Historically, 5- year local/

locoregional control rates ranging from 26–61% have been 
reported using photons. With the use of protons, there have 
been reports of 5-year local control ranging from 65–90% 
[44, 45]. Due to the low risk of lymph node involvement, it 
is not necessary to include prophylactic lymphatic coverage 
in the radiation treatment volumes in those with an N0 neck, 
with only 1 of 37 ACC of the maxillary sinus patients, all 
N0 at diagnosis, developing nodal recurrence in one ret-
rospective study; however, distant metastasis remain a sig-
nificant concern, with 37% of patients developing distant 
metastatic disease at 5 years [29]. Distant metastatic dis-
ease can develop several years after initial diagnosis, so it 
is especially important to follow these patients closely after 
treatment completion.

There has not been a proven benefit of adding standard 
chemotherapy agents in the treatment of ACC; however, sev-
eral recent studies are investigating the use of novel agents, 
with one potential target being the NOTCH pathway [46]. 
NOTCH1, 2, 3, and 4 belong to the NOTCH gene family, 
which encode a large transmembrane receptor signaling 
protein that has been found to have activating mutations in 
numerous cancer types, including approximately 20% of 
ACCs. Unfortunately, multiple retrospective studies have 
demonstrated worse median overall and progression free sur-
vival in patients with ACC that contains a NOTCH mutation 
[47–49]. While pre-clinical studies have demonstrated prom-
ise in targeting NOTCH as a potential treatment, this has not 
yet translated to clinical benefit. To date, there has been a 
single phase I clinical trial published regarding the use of 
NOTCH inhibitor Crenigacestat, which had limited clinical 
activity [50]. A phase II trial using AL101, an inhibitor of 
gamma secretase-mediated NOTCH signaling, has recently 
closed to accrual with results pending [51]. Tyrosine kinase 
inhibitors have also been investigated in the treatment of 
metastatic, recurrent, or progressive adenoid cystic carci-
noma, with a 9–16% objective response rate observed with 
sorafenib, axitinib, and lenvatinib [46, 52–57], with one 
study of lenvatinib demonstrating a median progression-free 
survival of 17.5 months [56]. The sequencing and combina-
tion of these agents with RT if used in the curative setting 
remains an unanswered question to date.

Olfactory Neuroblastoma/Esthesioneuroblastoma

Esthesioneuroblastoma, also known as olfactory neuroblas-
toma, is a rare tumor that accounts for approximately 5% 
of sinonasal malignancies. It was first identified by Berger 
et al. in 1924 and arises from the neural crest cells of the 
olfactory epithelium located along the roof of the nasal cav-
ity [58–61]. These tumors have a propensity for direct spread 
into the orbit, skull base, and/or intracranially and may pre-
sent with nodal disease 5–12% of the time, with nodal levels 
I-III being the most commonly involved [62, 63].
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ONB has its own unique staging systems, including the 
Kadish, modified Kadish, and Dulguerov staging methods 
[64–66]. Histologically, these tumors are graded using the 
Hyams grading system based on their degree of differentia-
tion [67].

If resectable, surgery is the standard treatment modal-
ity upfront using either open (craniofacial) or endoscopic 
when feasible, or a combination of both techniques to try 
to achieve a gross total resection while preserving func-
tion. Small, low grade tumors may be treated by surgery 
alone without adjuvant treatment. Radiation with or without 
chemotherapy is primarily used in the adjuvant setting, with 
several studies showing improved outcomes with the addi-
tion of adjuvant RT compared to surgery alone [63, 68–72]. 
Radiation delivered in the adjuvant setting typically uses a 
dose of 60–66 Gy, with doses of 70 Gy being considered if 
there is gross residual disease or if radiation is the primary 
local treatment modality in unresectable patients. Elective 
nodal radiation (ENI) in ONB patients is a topic of contro-
versy and still undergoing investigation, and perhaps should 
be considered especially in patients with adverse risk fac-
tors, such as Hyams grade 3–4 or Kadish C-D [73–81]. One 
recent analysis published in 2021 reported regional recur-
rence rates of 1.6% in clinically node negative patients who 
did receive ENI and 18.8% in those who did not receive ENI 
although this did not translate into an improvement in overall 
or distant-metastasis free survival [82]. Lymph node levels 
I-III and retropharyngeal nodes should be included as part 
of the treatment volume as the at risk regions if ENI is done 
as part of the treatment.

There is very limited prospective data available regard-
ing the treatment of ONB; however, one study from MGH 
evaluated the use of induction chemotherapy followed by 
radiation therapy and additional chemotherapy. Patients 
received treatment with 2 cycles of chemotherapy, consist-
ing of cisplatin (33 mg/m2 per day for 3 days) and etopo-
side (100 mg/m.2 per day for 3 days), every 2 weeks fol-
lowed by MRI to assess treatment response. Those who had 
a good response proceeded to radiation therapy delivered 
over the course of 5 weeks, followed by 2 additional cycles 
of chemotherapy using the previously noted regiment. 19 
patients were included in the study, with a median follow 
up of 45 months (range, 20–92 months), and 13 patients 
had some response to chemotherapy, with only 1 patient 
having progressive disease. Any response to chemotherapy 
was predictive of prolonged survival, with significant dif-
ferences in overall and metastasis-free survival; however, 
this did not also translate into differences in local control. 
This was also one of the earliest studies exploring the use of 
proton RT in this group, with patients being treated with a 
combination of photon and proton RT to a dose of 68 Gy to 
the primary tumor pre-chemotherapy volume, with 48 Gy 
delivered in the morning with 3-D conformal photon RT and 

20 Gy delivered in the afternoon using proton RT, separated 
by 7 h in between treatments. Patients received 45 Gy with 
photon RT to the bilateral neck, including supraclavicular 
nodes. Even in the use of mixed RT modalities, the authors 
report achieving higher radiation doses than those reported 
in the literature available at the time and noted lower rates 
of radiation related toxicities compared to historical con-
trols, with no patient developing late visual loss or corneal 
ulceration. Five patients did develop significant late grade 
2–3 complications that were at least partially attributable to 
radiation therapy, including radiation necrosis (4), soft tissue 
necrosis (1), and CSF leak with meningitis (1) [83].

The rare incidence of ONB makes identifying unique 
molecular or genetic markers that could serve as targets of 
systemic agents or provide additional prognostic information 
especially challenging. Similar to other cancers, high grade 
tumors tended to have more cytogenetic alterations than low 
grade tumors. The most common chromosomal alteration 
was loss of 3p, which has been shown to be associated with 
resistance to chemotherapy and RT in other tumor types. The 
most frequently mutated gene in ON was TP53, which has 
a loss of function mutation in approximately 50% of human 
cancers [84].

Outcomes of ONB patients have ranged from 40–70% 
local recurrence rate with 5-yr OS of 60–80%. One recent 
publication reporting on a single institutional experience 
from 1960–2020 consisting of 143 patients, reported a 
5-year OS of 82.3%, with 5-year PFS of 51.6%, which had 
improved in the more modern area, defined as 2005-Pre-
sent. Multivariate analysis identified Hyams grade (3 or 4), 
high modified Kadish stage (C or D), and increasing age 
as independent negative prognostic factors for overall sur-
vival, which is largely consistent with previous institutional 
or large database reviews [63]. Of note, due to its propensity 
to recur either locally or distantly even 5 years following 
treatment, it is important to monitor these patients closely 
in followup.

SNUC

Sinonasal undifferentiated carcinomas (SNUC) are a very 
rare tumor of the sinonasal region with a neuroendocrine 
cell of origin. Only a few hundred cases have been identified 
since first being described in 1986 by Frierson et al. These 
tumors are particularly aggressive, with patients often pre-
senting late with skull base invasion and developing recur-
rences following treatment, with up to 30% of patients pre-
senting with clinically positive adenopathy [85–87]. 5-year 
OS of 20–50% have been reported. Multimodality treatment 
is important in trying to provide the best possible outcome 
for these patients, with one meta-analysis of 390 patients 
demonstrating improved survival with double modality ther-
apy (surgery and RT or RT and chemotherapy) compared 
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to single modality treatment (surgery or RT) [88]. It has 
also been demonstrated that the dose of radiation delivered 
locally has an impact on outcomes, with an improvement 
in local control in patients who received > / = 60 Gy to the 
primary site/surgical bed (5-yr OS 73 vs 23%). The use of 
IMRT also demonstrated improved survival compared to 
patients who were treated with 2-D or 3-D conformal RT 
(5-yr OS 59% vs 16%), while also demonstrating a trend 
towards improvement in late toxicities [89]. ENI should be 
considered for these patients, with rates of regional relapse 
being much lower in those who did receive ENI vs those 
who did not (3.7% vs 26.4%).

Induction chemotherapy has also been an area of explora-
tion in this group to help guide the selection of local thera-
pies. In one study from MD Anderson that included 137 
patients, those who had a good response to induction chemo-
therapy with cisplatin (60–80 mg/m2 on day 1) and etoposide 
(100–120 mg/m2) or docetaxel (75 mg/m2) on days 1 to 3 had 
improved survival when treated with definitive chemoradia-
tion as opposed to definitive surgery followed by RT/chemo-
radiation (5-year DSS: 81% vs 54%). In patients who did not 
demonstrate response to chemotherapy, including 22 patients 
who had stable disease and 9 who had progression, surgery 
followed by RT or chemoRT provided significantly improved 
disease-specific survival and overall survival compared to 
non-responders who were treated with definitive chemoRT 
after induction [90]. Additionally, a study from Ohio State 
regarding their experience in utilizing induction chemotherapy 
using TPF (cisplatin, docetaxel, 5-FU) followed by concur-
rent chemoradiotherapy reported favorable outcomes in these 
patients, having no evidence of disease at an average follow 
up of 16.8 months [91]. This supports a nuanced approach that 
accounts for response to induction chemotherapy in determin-
ing the best definitive local treatment in these patients.

Studies have done to try to identify any molecular mark-
ers that may carry treatment or prognostic significance. 
SMARCB1 (INI-1, BAF47, or hSNF5) is a tumor suppres-
sor gene that, when mutated, has been noted to carry a worse 
prognosis in other malignancies, such as rhabdoid tumors 
and epithelioid sarcomas, and this loss of function mutation  

has been seen in SNUCs as well [92–95]. In one study that 
included 14 patients with a SNUC diagnosis, 6 were noted to 
have a complete loss of SMRCB1 expression in tumor cells. 
Patients with the mutation were found to have worse recur-
rence and mortality rates, 75% vs 17% and 67% vs 14%,  
respectively [96]. Figures  1 and 2 demonstrate differing 
responses to induction chemotherapy leading to different defini-
tive management strategies.

Radiation Treatment Planning

Target Delineation

While the exact pattern of spread for different histologies and 
for each anatomical subsite of the paranasal sinuses may vary, 
general concepts when delineating target volumes may be 
applied. In the setting of adjuvant radiation therapy, The pri-
mary high risk clinical target volume (CTV) receiving a dose 
of 60 Gy may include the primary tumor bed with a 3–5 mm 
margin, accounting for anatomical constraints. Some may con-
sider a boost to 66–70 Gy for adverse features such as a posi-
tive margin or gross residual disease. A low risk CTV to a dose 
of 54 Gy may be used to cover additional at risk areas, such 
as the uninvolved neck when treating elective nodal volumes.

In the definitive setting, doses of 70 Gy are standardly 
used to target gross disease, or gross target volume (GTV). 
A high risk CTV is created by adding a 3–5 mm margin from 
the GTV; however, consideration of adjacent normal tis-
sues should be taken when determining the margin and any 
appropriate adjustments. Particularly, for tumors abutting 
the brainstem, brain, or optic structures, a smaller margin 
may be utilized to protect these organs at risk. Intermediate 
and low risk CTVs are also used in the definitive setting, 
utilizing doses in the range of 63 Gy and 56 Gy, respectively, 
for each. An intermediate risk CTV includes pathways of 
predictable tumor spread concerning for microscopic disease 
and/or the involved neck nodal levels. A low risk CTV may 
be used for ENI to the uninvolved at risk nodal regions in 
the neck. When using IMRT, a 3 mm expansion is used for 

Fig. 1  Axial T1 with contrast 
MRI of a. SNUC pre-chem-
otherapy and b. following 
chemotherapy with a mixed 
response to treatment includ-
ing a decrease in size of the 
sinonasal coponent but increase 
in size of anterior soft tissue 
component. The patient went on 
to undergo surgery
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the planning target volume (PTV) to each treatment volume 
to account for daily set up variation. These expansions are 
utilized in the modern era of daily image guidance radiation 
therapy (IGRT) in both the definitive and post-op RT setting.

There are many important additional considerations when 
defining target volumes. Any diagnostic imaging, includ-
ing CT, MRI, and PET-CT, should be fused to the planning 
CT to aid in target delineation. This should include all pre-
surgical and/or pre-induction chemotherapy imaging as well. 
If possible, an MRI in treatment position done at the time of 
radiation simulation is also useful. A discussion with neu-
roradiology, especially if there is a question on if an area is 
disease versus post-operative changes, is beneficial as well. 
In the setting of adjuvant RT, a careful review of the surgical 
note with the operating surgeon is also important in ensuring 
appropriate target coverage.

Protons

Charged particle therapy, including the use of proton ther-
apy, is one modern radiation therapy technique that provides 
dosimetric advantages to tumors in this location. Unlike 
traditional radiation therapy using photons, protons have a 
finite, energy-dependent range in tissue that results in energy 
deposition as the protons come to rest in the Bragg peak, 
with lower entrance dose than photons and a sharp dose 
fall off that also minimizes exit dose [97]. This provides 
the benefits of reducing the radiation dose to the surround-
ing non-target organs at risk (OARs) and allowing improved 
target coverage, potentially even escalating the dose, without 
exceeding OAR constraints [10, 22, 42, 98–100].

The characteristics of proton depth dose deposition 
requires them to pass through several centimeters of tissue 
prior to depositing dose, which may be challenging with 
tumors located in the sinonasal region. To combat this and 
still be able to deliver treatment safely and effectively, dif-
ferent external range shifting devices have been developed, 
with range shifting devices often being attached to the pro-
ton gantry head. The challenge of this approach is that while 
this dose help with shifting the effective dose more superfi-
cially, the spot size is increased, which increases the beam 
penumbra and OAR dose. This has led to the development 
of other range shifting devices that may be placed closer 
to the patient’s head, allowing the interaction between the 
range shifter and beam to be directly above the patient. One 
such device is the “bolus helmet” (BH), developed at the 
Mayo Clinic in Rochester, MN. Since it is directly above the 
patient, the spot size is reduced with a sharper beam penum-
bra, which improves target coverage while also decreasing 
dose to the surrounding OARs. One limitation of the BH is 
that due to the size, the neck is not covered, thus not allow-
ing ENI to be done simultaneously [101]. Other groups have 
also developed different devices to assist in addressing main-
taining spot size integrity, with the group from University of 
Pennsylvania publishing on their use of a U-shaped universal 
bolus (UB) with a water-equivalent thickness of 5.5 cm that 
provided proton plans with improved spot size compared to 
those plans done with the range-shifter [102].

When designing treatment plans with PT, an additional 
consideration is the relative biologic effective (RBE) dose, 
typically reported as a 1.1 dose enhancement; however, this 
can be quite higher at the end of range in the Bragg peak of 

Fig. 2  Axial T1 with contast MRI of a. SNUC pre-chemotherapy and b. following chemotherapy with an excellent response to treatment. The 
patient went on to receive definitive chemoradiation therapy
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Fig. 3  Proton and IMRT photon comparison plans in the treatment of 
a paranasal sinus malignancy. Prescription dose of 6996  cGy in 33 
fractions. 20% isodose line as minimum and 115% as maximum in 
proton plan (a and b) and IMRT plan (c and d). 50% isodose line as 

minimum in proton (e and f) and IMRT (g and h) plans. 90% isodose 
line as minimum in proton (i and j) and IMRT (k and l) plans. 100% 
isodose line as minimum in proton (m and n) and IMRT (o and p) 
plans
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the beam. Different institutions have varying methods of 
accounting for this when evaluating treatment plans. One 
such method is the utilization of an institutional GPU-based 
Monte Carlo calculation algorithm that calculates the bio-
logic dose based on RBE and linear energy transfer consid-
erations [103–106].

Due to the properties of protons, additional imaging veri-
fication may be needed throughout the course of RT to assess 
for anatomical changes, such as tumor shrinkage or patient 
weight loss. Protons are much more sensitive to changes in 
tissue density, and there may be substantial deviations from 
the original RT plan if the anatomy has changed. Weekly 
verification CT scans, in addition to daily IGRT, may be  
utilized to assess treatment response and aid in the decision 
of replanning RT to account for any anatomical changes.

Multiple studies have demonstrated the effectiveness and 
advantages of using proton therapy in this region, either as 
definitive treatment or in the adjuvant setting. In one of the 
largest studies evaluating the use of PT in the management of 
sinonasal tumors, outcomes of 69 patients treated with cura-
tive PT at multiple institutions were found to be favorable. In 
patients who received de novo PT, 3-year OS, freedom from 
distant metastasis, freedom from disease progression, and 
freedom from locoregional recurrence were 100%, 84.0%, 
77.3%, and 92.9%, respectively [26]. Additionally, a meta-
analysis of sinonasal malignancies demonstrated improved 
OS and DFS in patients who received proton therapy com-
pared to photon therapy [107]. With respect to non-target 
tissues, proton RT has been shown to reduce the dose to 
these areas and provided a reduction in toxicity. In the previ-
ously mentioned multiinstitutional study, the toxicity profile 
of PT was also favorable, with 11/69 patients having acute 
grade 3 toxicities and no grade > / = 3 late toxicities, vision 
loss, or symptomatic brain necrosis. Additionally, one study 
directly comparing IMRT vs PT toxicity outcomes described 
a significant reduction in gastrostomy tube dependence and 
opioid pain medication requirements in patients with naso-
pharyngeal and paranasal sinus malignancies treated with 
PT compared to IMRT [10] (Fig. 3).

Conclusion

Sinonasal malignancies represent a rare group of tumors 
with a challenging management. Tumors in this location 
may consist of a number of histologies, each with unique 
considerations for patterns of spread and recurrence that 
must be considered when determining the best treatment 
options. Multidisciplinary approach and multimodality treat-
ment consisting of surgery, radiation, and/or chemotherapy 
is typically mandated in providing the best possible outcome 
for these patients. Advances in radiation therapy techniques, 
such as proton therapy, provide improved therapeutic ratios 

in enabling radiation oncologists the ability to maximize 
dose to the target area while minimizing the dose to sur-
rounding organs at risk, with the hope of maximizing cura-
tive potential while reducing toxicity profiles.
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