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Abstract: Non-squamous cell carcinoma-related malignant sinonasal tract tumors (non-SCC MSTT)
are rare and diverse malignancies. In this study, we report our experience in the management of this
group of patients. The treatment outcome has been presented, involving both primary treatment and
salvage approaches. Data from 61 patients treated radically due to non-SCC MSTT between 2000 and
2016 at the National Cancer Research Institute, Gliwice branch, were analyzed. The group consisted
of the following pathological subtypes of MSTT: adenoid cystic carcinoma (ACC), undifferentiated
sinonasal carcinoma (USC), sarcoma, olfactory neuroblastoma (ONB), adenocarcinoma, small cell
neuroendocrine carcinoma (SNC), mucoepidermic carcinoma (MEC), and acinic cell carcinoma, which
were found in nineteen (31%), seventeen (28%), seven (11.5%), seven (11.5%), five (8%), three (5%),
two (3%) and one (2%) of patients, respectively. There were 28 (46%) males and 33 (54%) females at
the median age of 51 years. Maxilla was the primary tumor localization followed by the nasal cavity
and ethmoid sinus in thirty-one (51%), twenty (32.5%), and seven (11.5%) patients, respectively. In
46 (74%) patients, an advanced tumor stage (T3 or T4) was diagnosed. Primary nodal involvement (N)
was found in three (5%) cases, and all patients underwent radical treatment. The combined treatment
consisted of surgery and radiotherapy (RT) and was given to 52 (85%) patients. The probabilities of
overall survival (OS), locoregional control (LRC), metastases-free survival (MFS), and disease-free
survival (DFS) were assessed in pathological subtypes and grouped together, along with the ratio
and effectiveness of salvage. Locoregional treatment failure was seen in 21 (34%) patients. Salvage
treatment was performed in fifteen (71%) patients and was effective in nine (60%) cases. There
was a significant difference in OS between patients who underwent salvage and those who did not
(median: 40 months vs. 7 months, p = 0.01). In the group of patients who underwent salvage, OS was
significantly longer when the procedure was effective (median: 80.5 months) than if it failed (median:
20.5 months), p < 0.0001. OS in patients after effective salvage was the same as in patients who were
primary cured (median: 80.5 months vs. 88 months, p = 0.8). Distant metastases developed in ten
(16%) patients. Five and ten year LRC, MFS, DFS, and OS were 69%, 83%, 60%, 70%, and 58%, 83%,
47%, 49%, respectively. The best treatment results were observed for patients with adenocarcinoma
and sarcoma, while USC gave the poorest results in our set of patients. In this study, we indicate that
salvage is possible in most patients with non-SCC MSTT with locoregional failure and that it may
significantly prolong their overall survival.
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1. Introduction and Aim of the Study

Malignant sinonasal tract tumors (MSTT) are rare neoplasms that account for only
3% of head and neck carcinomas (HNC) and about 0.5% of all malignant diseases [1-3].
In contrast to other head and neck malignances, which are in the overwhelming majority
squamous cell carcinomas, the pathology of MSTT is complex and diverse. Although
the distribution of histological types varies in reported series, generally squamous cell
carcinoma (SCC) accounts for about half of all MSTT and is followed by adenocarcinoma
(10-27%), lymphoma (3-15%), adenoid cystic carcinoma (ACC), olfactory neuroblastoma
(ONB), sarcoma, and mucosal melanoma, respectively, in 10%, 3%, 3%, and 2% [4-11].
Other, even more rare pathological types involve undifferentiated sinonasal carcinoma
(USC), mucoepidermic carcinoma (MEC), small cell neuroendocrine carcinoma (SNC), and
acinic cell carcinoma. The other reason for heterogeneity is a few tumor sites with various
topography in the upper part of the head where MSTT may arise. Some correlation between
tumor site and pathology type could be observed, like the fact that ethmoid tumors are
mostly adenocarcinomas, or ONB, while SCC prevails in the maxillary sinus [5,8]. Latent
and asymptomatic tumor growth or symptoms imitating sinusitis at the beginning of the
disease usually turn into a late diagnosis and an advanced stage of the disease (stages T3-T4)
when the tumor already infiltrates adjacent structures [3,9,12,13]. Numerous data indicate
that less than 20% of primary-diagnosed MSTT are early-stage tumors [5,8,9,14-17]. Due to
the above-mentioned rarity, heterogeneity, and challenging diagnosis, prospective studies
on treatment efficacy have never been performed, and most treatment recommendations
are based on one institution’s reports, usually with a limited number of cases. In this study,
we report our experience with the management of patients with non-SCC MSTT. Treatment
outcomes involving both primary treatment and a salvage approach are presented.

2. Material and Methods

A review of retrospective clinical data of 233 consecutive patients with MSTT treated
between 2000 and 2016 at the National Cancer Research Institute, Gliwice branch, was
performed. The study was conducted according to the guidelines of the Declaration of
Helsinki and approved by the Ethics Committee of the Maria Sktodowska-Curie National
Research Institute of Oncology, Gliwice Branch (decision code: KB/430-73/21; date of
approval: 10 May 2021). As many as 81 patients underwent a palliative approach, and
12 patients with benign tumors were excluded. Additionally, 79 cases with SCC were
excluded. Finally, the analyzed group consisted of 28 (46%) males and 33 (54%) females
with a median age of 51 years. Thirty-six patients (59%) had never smoked, and 25 (41%)
were smokers. The median duration of symptoms before diagnosis was 10 months. Maxilla
was the primary tumor localization, followed by the nasal cavity and ethmoid sinus in 31
(51%), 20 (32.5%), and 7 (11.5%) patients, respectively. The 8th edition of the American Joint
Committee on Cancer (AJCC) staging was used for pretreatment staging [18]. In 46 (74%)
patients, an advanced tumor stage (T3 or T4) was diagnosed. Primary nodal involvement
(N) was found in only 3 (5%) cases. The choice of the sequence of treatment methods
depended mostly on the stage of the disease and tumor pathology. All patients underwent
radical treatment. The combined treatment consisted of surgery and radiotherapy (RT)
and was given to 52 (85%) patients. Among them postoperative RT alone was given to 43
patients, and RT combined with chemotherapy (chemotherapy—CHT, RT combined with
CHT—CHRT) in 9 cases. RT alone was given to 2 patients. Induction chemotherapy was
followed by RT alone in 2 patients and by CHRT in 3 patients. CHRT was given to 1 patient.
Surgery alone was applied to one patient. All chemotherapy sessions were platinum-based.
Monochemotherapy was used as concomitant therapy during RT. Platinum combined with
either 5FU as PF or taxanes as TPF were used as induction agents. An RT dose in the
range of 66-70 Gy was used to eradicate macroscopic tumor infiltration with RT alone or if
surgery was R2. For eradication of microscopic extension of disease (surgery: R1) at least
66 Gy was used. For elective RT, the dose prescribed was in the range of 50-60 Gy.
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Persistent disease was defined as either a local or regional tumor that did not disappear
after treatment or recurred within 6 months of treatment completion. Recurrence was
defined as either a local or regional tumor that recurred later than 6 months after treatment
completion or that recurred anytime in patients who underwent postoperative treatment.

Salvage treatment was defined as an attempt to apply the radical management of a
persistent tumor or recurrence after the completion of primary radical therapy. Successful
(effective) salvage was reported when the treated tumor was either no longer observed
for at least 3 months or remained stable for at least 6 months after the salvage procedure.
Following the previous salvage, a subsequent recurrence was defined as either a recurrence
or progression.

The analysis of the treatment outcome was based on follow-up data. Patients were
seen 1-2 months after treatment completion, then every 3 months for the first year, every
6 months for another year, and then annually. At each follow-up visit, a physical examina-
tion, including palpation of the neck, was performed. Routine imaging was done with MR,
CT, or positron emission tomography scans every 6 months or at the physician’s discretion
based on physical examination findings.

Both cumulative survival and tumor control rates were calculated using the Kaplan-Meier
product-limited (actuarial) method. A p value of < 0.05 was considered statistically significant.
A detailed analysis of the time and site of the primary treatment failure was performed.
The ratio and effects of salvage were analyzed. The probabilities of overall survival (OS),
locoregional control (LRC), metastases-free survival (MFS), and disease-free survival (DFS)
were estimated from the end of primary treatment using the Kaplan-Meier product limit
estimate and were compared using the log-rank test.

3. Results
3.1. Treatment Results in All Groups

The median follow-up in all groups was 86 months (range: 1-305 months). In general,
locoregional treatment failure was seen in 21 (34%) patients. Persistent disease was found
in four (6.5%) patients, and in all cases, it was localized in the primary site of the tumor. In
one case, the persistent disease was concomitantly localized in the neck nodes. Recurrence
appeared in 17 (28%) cases involving local, regional, or concomitantly locoregional sites in
eleven, one, and five patients, respectively. The median time to recurrence was 21.5 months
(range: 2-96 months). Distant metastases developed in ten (16%) patients, but only in six
cases was this the sole reason for disease progression. The median time to metastases was
17 months (range: 3-60 months). In the remaining four patients, metastases appeared in
patients with persistent disease (one case) or in patients with recurrence (three cases). Five
and ten years LRC, MFS, DFS, and OS were 69%, 83%, 60%, 70% and 58%, 83%, 47%, 49%,
respectively. Despite locoregional failure, six (29%) patients have not been admitted to
salvage procedures due to: (a) quickly progressing persistent tumor after primary treatment
(two cases); (b) advanced stage of recurrent disease (two cases); (c) lack of pathologically
proven recurrence despite radiological progression (one case); and (d) persistent tumor
without progression for about 7 years. Salvage treatment was given to the remaining
fifteen (71%) patients and was effective in nine (60%) cases. In the group with effective
salvage, surgery was undertaken as the first treatment modality in eight patients, and in
one patient, it was RT. In five patients from the group, recurrence occurred more than once.
In these cases, the salvage approach (surgery or RT) was given from two to five times.
There was a significant difference in OS between patients who underwent salvage and
those who did not (median: 40 months vs. 7 months, p = 0.01). In the group of patients who
underwent salvage, OS was significantly longer when the procedure was effective (median:
80.5 months) than if it failed (median: 20.5 months), p < 0.0001. What is interesting is that
OS in patients after effective salvage was the same as in patients who were primary cured
(median: 80.5 months vs. 88 months, p = 0.8). (Figure 1). A detailed distribution of patients’
characteristics according to individual pathologies is presented in Table 1. The results of
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primary treatment, the salvage ratio, and its effects distributed according to pathological

type and in all groups are presented in Table 2.
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Figure 1. Overall survival considering salvage after primary treatment failure. (a) Patients with

treatment failure: salvage vs. no salvage. (b) Patients cured primarily vs. cured after salvage.
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Table 1. Patients” characteristics according to histopathological types and in all groups. ACC—
adenoid-cystic carcinoma, USC—undifferentiated sinonasal carcinoma, ENB—olfactory neuroblas-
toma, MEC—mucoepidermic carcinoma, and SNC—small cell neuroendocrine carcinoma. CHRT—

radiochemotherapy.
. . RT Dose (Gy)
Age Man/ Maxilla Nasal Ethmoid Surgery + Surgery RT/CHRT y
Pathology No/% (Median) Woman Cavity Sinus Other PRT/CHRT Alone Alone 66—70/50—60
ACC 19/31 52 6/13 13 4 1 orbit 17/1 1 1/0 10/8
UsC 17/28 54 6/11 7 7 2 frontal 11/3 0 0/3 8/9
Sarcoma 7/115 44 3/4 3 3 0 fr;n;al 6/0 0 1/0 2/5
ENB 7/115 39 4/3 0 3 4 - 4/1 0 2/0 2/5
Adenocarcinoma 5/8 56.5 2/3 4 1 0 - 5/0 0 0/0 1/4
SNC 3/5 53 1/2 2 1 0 - 1/1 0 0/1 2/1
MEC 2/3 46,5 1/1 2 0 0 - 1/1 0 0/0 0/2
Acinic cell
jitnveiey 1/2 59 0/1 0 1 0 - 1/0 0 0 0/1
All groups 61/100 51 23/38 31 20 7 3 46/7 1 4/4 25/35
Table 2. Primary treatment results and results of salvage according to histopathological types and in
all groups. Rec—recurrence, L—local, N—nodal, LN—local and nodal, ND—no data, ACC—adenoid-
cystic carcinoma, USC—undifferentiated sinonasal carcinoma, ENB—olfactory neuroblastoma, MEC—
mucoepidermic carcinoma, LRC—locoregional control, SNC—small cell neuroendocrine carcinoma.
MFS—metastases-free survival, OS—overall survival.
. Rec 5 Year 10 Year Effective
Persistant Met 5 Year 5 Year Salvage
Pathology No/% Tormer L N In Re* Ty LRC (%)  MFS (%) f.;f) (o/s) No/% SNor
ACC 19/31 0 6 0 1 37 26 77 82 74 38 4/57 2/50
usc 17/28 2 3 0 2 41 235 55 78 64 25 6/88 2/33
Sarcoma 7/115 1 0 0 0 14 0 83 83 71 71 1/100 1/100
ENB 7/115 1 1 0 2 28 14 57 85 71 57 2/50 2/100
Adenocarcinoma 5/8 0 0 1 0 20 0 80 100 100 100 1/100 1/100
SNC 3/5 0 0 0 0 0 33 100 63 33 33 0/0 0/0
MEC 2/3 0 0 0 0 0 0 100 100 50 50 0/0 0/0
Acinic cell
e 1/2 0 1 0 0 100 0 0 100 100 100 1/100 1/100
All groups 61/100 4 11 5 31 16 69 83 70 49 15/24.5 9/60

3.2. Adenoid Cystic Carcinoma

Our group consisted of 19 (31%) patients with ACC. The maxillary sinus (68%) and
nasal cavity (21%) were the most common sites of primary ACC tumors. The median age in
this group was 56 years, and the women/men ratio was 13/6. In all but one patient, surgery
was the primary treatment, which was followed by RT. Only one patient did not receive
postoperative RT due to the lack of patient agreement. Additionally, due to an unresectable
primary tumor, one patient received RT alone following induction CHT. The median time
between surgery and RT was 4 months. In 10 cases 66-70 Gy was administered due to a
residual macroscopic tumor. In the remaining eight patients 57.6-60 Gy was administered
to eradicate the microscopic disease. In seven (37%) cases, local recurrence of the disease
was found at the median time of 43 months (range: 2-96 months) after primary treatment
completion. In one case from this group, 5 months after a local recurrence, a regional
one appeared, and in the next 10 months, a distant spread developed. Distant metastases
appeared in three more patients from this group in a median time of 35 months. There were
also three other primary malignant tumors that appeared in patients 25, 7, and 209 months
after primary treatment completion. Salvage was provided to four (57%) of the seven
patients with locoregional failure. In three patients, it was surgery for the first failure and
RT for the subsequent ones. In one case, RT alone was provided. In two patients, salvage
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was 50% effective. Five and ten years LRC, MFS, DFS, and OS were 77%, 82%, 62%, 74%
and 46%, 82%, 30%, 38%, respectively.

4. Undifferentiated Sinonasal Carcinoma

Our group consists of 17 (28%) patients with USC pathology. The nasal cavity and
maxillary sinus were the most common sites of primary tumors in this group, accounting
for 41% each. The median age was 55 years, with a female/male ratio of 6/11. Additionally,
in this group, in most cases, primary surgery followed by RT/CHRT was the main approach
and was carried out in 14 (82%) patients. In three patients from this group CHRT was used.
In three patients, no surgery was performed due to the advanced stage of the disease. In
two patients from this group, induction chemotherapy was given with either RT or CHRT,
and in one case, CHRT alone was given. The median time between surgery and RT was
2.5 months. After treatment completion, persistent tumors were found in two cases. In
five patients recurrence appeared in a median time of 16 months. From this group, in three
cases, local recurrence alone was found. In the next two patients, there was also nodal
recurrence that preceded local recurrence in one case and followed it in the second one.
Metastatic disease was found in four cases, but only in one patient was it the only reason for
failure. Out of seven patients with locoregional failure, salvage was provided to six (85.5%).
Surgery was used on three patients, and on the three others, RT was used as salvage. In
two (33%) patients, salvage was effective; both cases had surgery. Five and 10 years LRC,
MES, DFS, and OS were 55%, 78%, 51%, 64% and 55%, 78%, 51%, 25%, respectively.

4.1. Sarcoma

Our group consisted of seven (11.5%) patients with sarcoma. The nasal cavity and
maxillary sinus were the most common sites of the primary tumor in this group, accounting
for 43% each. The median age in this group was 44 years, and the man/woman ratio was
3/4. In all but one patient, surgery was the primary treatment, which was followed by RT.
In one patient, RT alone was applied due to an advanced tumor, and RT was not completed
because the patient was lost to therapy after the dose of 28 Gy. Additionally, in one patient,
postoperative RT was preceded with induction chemotherapy due to progression shortly
after surgery. The median time between surgery and RT was 3 months. In one patient
from this group, treatment failure was found as a persistent tumor. Salvage surgery was
performed, followed by RT, but only the subsequent salvage and stereotactic RT were
successful, and the patient was eventually cured. Five and 10 years LRC, MFS, DFS, and
OS were 83%, 83%, 68%, 71% and 83%, 83%, 68%, 71%, respectively.

4.2. Olfactory Neuroblastoma

There were seven (11.5%) patients with ONB in our group. The ethmoid sinus (57%)
and nasal cavity (43%) were the most common sites of the primary tumor in this group. The
median age was 39 years, and the male/female ratio was 4/3 in this series. Additionally,
in this group, in most cases, primary surgery followed by RT was the main approach and
was carried out on five patients. In two patients, no surgery was performed due to the
advanced stage. Concomitant CHRT was used in one patient from this group, and RT alone
was used in another. The median time between surgery and RT was 2.8 months. In five
cases, 60 Gy was given to eradicate microscopic diseases. In two cases, 6668 Gy were
given due to the macroscopic tumor. There were four treatment failures: a residual tumor
in one case and recurrence in three cases. A patient who had a persistent tumor had a
distant spread of the disease. Salvage was given to two (50%) patients from this group, and
in both cases, it consisted of surgery, RT, and systemic treatment repeated a few times. This
effort was successful for both patients. Five and 10 years LRC, MFS, DFS, and OS were
57%, 85%, 57%, 71% and 43%, 85%, 43%, 57%, respectively.
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4.3. Adenocarcinoma

Our group consisted of five (8%) patients with this pathology. The maxillary sinus
(80%) and nasal cavity (20%) were the most common primary sites of this malignancy. The
median age was 56.6 years, and the male/female ratio was 2/3. In all cases, primary surgery
followed by RT was the main treatment approach. The median time between surgery and
RT was 2.3 months. In four cases, 60 Gy was given to eradicate the microscopic disease.
In one case, 66 Gy was given due to a residual macroscopic tumor. The results of primary
treatment were excellent; in only one patient, nodal recurrence appeared 21 months after
primary treatment completion. Surgical salvage was successful in this case. Five and
ten years LRC, MFS, DFS, and OS were 80%, 100%, 80%, 100% and 80%, 100%, 80%,
100%, respectively.

4.4. Small Cell Neuroendocrine Carcinoma

There were three (5%) patients with a small cell neuroendocrine carcinoma in this
group. It was localized in the nasal cavity and maxillary sinus in two and one case,
respectively. There were two women and one man, with a median age of 53 years. In two
patients, primary surgery followed by RT was carried out, and in another patient, CHRT
was used. The median time between surgery and RT was 3.2 months. All patients were
cured, and only in one case did a distant spread to the lung appear about a year after
the completion of primary treatment. CHT was not effective, and the patient died about
2 months later.

4.5. Mucoepidermic Carcinoma

There were two (3%) patients with mucoepidermic carcinoma in this group, and both
cases had a primary tumor localized in the maxillary sinus. They were a man and a woman,
ages 30 and 63, respectively. In both patients’ surgeries, primary treatment was followed
by RT with elective doses. The median time between surgery and RT was 2.9 months. Both
patients were cured, but one of them died 21 months later due to another reason.

4.6. Acinic Cell Carcinoma

There was one (2%) patient with this rare pathology in our group. The tumor in the
59-year-old woman was localized in the nasal cavity. The patient underwent surgery, which
was followed by RT 2.5 months after surgery at a dose of 60 Gy. After 4 years of follow-up,
a local recurrence was found, and the patient underwent stereotactic RT. After the next
4 years, the patient underwent endoscopic surgery due to a subsequent recurrence. There
was another stereotactic RT in the next 4 years due to the next recurrence and four cycles of
palliative CHT in the next 2 years due to a subsequent recurrence. The patient died in the
next 1.5 years due to the progression of local infiltration of the cancer.

5. Discussion

The rarity of MSTT, which is even more sparse due to diverse pathology, means
that reports considering this type of cancer are usually from one institution and usually
with a limited number of cases. In this study, we described the results of the radical
treatment of 61 patients who suffered from MSTT, taking into account the follow-up period
and the results of a salvage approach. To refer to as many clinical outcomes as possible,
we presented the results of an entire group first and subsequently the results in each
pathological cohort. All patients were treated at a single cancer center, the National
Cancer Research Institute, Gliwice branch, Poland. The patient’s distribution was generally
consistent with other series, with the majority of patients having advanced stages (T3, T4),
and only 5% of them having involved regional lymph nodes [19,20]. There were more
women in our group, probably due to a relatively large subgroup of patients with ACC
and USC. Females dominating in these groups were also found in other series [21,22]. The
predominating primary site of the MSTT differs slightly between our cohort and other
reported groups. We found most cases with primary infiltration in the maxilla, followed by
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the nasal cavity, whereas Hafstrom et al. reported an inverse distribution, and Dirix et al.
pointed to the ethmoid sinus as the most frequent primary site of MSTT [20,21]. Contrary
to other authors’ reports listing adenocarcinoma as the second most common malignancy
in this region [23], ACC and USC were predominating in our group.

A five year OS rate of 70% established in our group is comparable to the survival rate
reported by other authors (38-69%) [6,7,14,21,24-28]. Due to the relatively long follow-up
period, we were also able to assess the 10 year OS, which was 49%. Other authors reported
a 10 year OS rate in the range of 35-48% [21,24,25].

Five and 10 years of DFS were at 60% and 47% in our group, which is comparable to
42-63% and 54-59%, respectively, reported by other authors [21,24,25]. In our group, only
four (6.5%) patients were never in remission after primary treatment. The ratio of persistent
disease after primary treatment was between 6% and 14%, which was also reported by
other authors [21,28]. In patients with a persistent tumor, salvage was performed in two
patients (50%) and was finally successful in both cases. Mirghani et al. reported effective
salvage in only two patients (9%) out of twenty-two with a persistent tumor after primary
treatment [28].

In our group, locoregional failure was seen in 38% of cases but isolated local ones
in 18%. In one of the largest series aiming to report recurrences during follow-up in
MSTT patients performed by Zochi et al., at least one recurrence during follow-up was
shown in 28% of patients, and in almost 75% it developed in the first three years after
primary treatment [29]. In that study, the median time to first relapse was 17 months [29].
Mattaveli et al. assessed the median time to recurrence as 18 months, which is shorter
than the 21 months assessed in our study [25]. According to Mattavelli et al., over 60%
of all recurrences in the group were local, which is similar to our group, where 65% of
patients with recurrences developed it in a primary site [25]. Additionally, other authors
show local recurrence as the most common site of relapse in MSTT patients in the range of
15-73% and an average of 30-40% [1,7,14,19,20,25,28,30-32]. However, the most commonly
cited factors increasing the risk of local recurrence, such as T-staging and pathology, as
well as primary treatment performed outside referral centers, could also be an adverse
factor [1,25,29]. Due to the high risk of local failure, post-treatment surveillance seems
essential for early detection of failure. It is, however, challenging due to lack of both
surveillance recommendations (how often and what diagnostic procedure is optimal)
and evidence of its influence on survival prolongation [33]. Despite other benefits of
surveillance like comprehensive nutritional assessment, rehabilitation after surgery, and
RT [10], the evidence of an effective salvage may support the significance of early detection
of treatment failure [34]. Most of the data concerning the role of salvage for MSTT patients
refers to SCC as the most common pathology. For this malignancy, salvage is possible in
30-70% of patients [34-36]. It has been shown that even patients in whom salvage was not
effective presented an improved OS compared with those with failure but no salvage at all.
Moreover, effective salvage appeared to compensate for failure, giving the same ultimate
OS as in primarily cured patients [34]. In non-SCC patients, the relevance of salvage is more
difficult to assess due to the pathological diversity in this group. For such patients, Kaplan
et al. proposed a therapeutic algorithm that considered, among other things, pathology
and the site of recurrence. Based on the series of 49 patients with recurrence, surgery
was strongly recommended for low-grade tumors, while a rather palliative approach was
recommended for high-grade lesions with orbital or skull-base invasions [2]. Mattaveli et al.
also suggested a multiparametrical score defining groups A, B, and C with excellent survival
estimation, intermediate prognosis, and poor estimated survival comparable to those of
metastatic head and neck cancer, respectively. The authors concluded that, similarly to
primary tumors, in the recurrent setting, histology and tumor biology are critical, strongly
influencing final results. In cases of unfavorable pathology, SNC has been included, while
ONB and USC presented the best survival estimates in this analysis [25]. Contrary to this
observation, USC malignancies gave the poorest results in our set of patients, with the
highest ratio of recurrence and relatively low salvage success. Additionally, according to
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other authors, the prognosis of patients with USC remains poor [21,37]. We obtained the
best primary treatment results for patients with adenocarcinoma and sarcoma. Despite a
relatively higher ratio of locoregional failure, due to effective salvage, patients with ACC
and ENB could be considered good predictors. Additionally, according to Hafstrom et al.,
adenocarcinoma and ENB have a relatively good prognosis [21].

Not much data concerning the results of salvage for patients with the presented
pathological types are available. Mirghani et al. found salvage to be an effective treatment
in 20% of isolated local recurrences and in 16% of cases with both local and nodal failure [28].
In our series, time to recurrence did not significantly influence salvage effectiveness and
was similar in those who experienced effective or ineffective salvage. Our data suggest that
salvage was possible in over 70% of recurrent patients and was effective in 60% of those
who underwent this procedure. The results of salvage assessed in this group of patients are
consistent with those obtained for SCC patients [34]. We were able to confirm that salvage
is an effective procedure and may significantly prolong OS, reducing the adverse effect of
recurrence for patients with non-SCC MSTT.

Isolated regional relapse usually is rare. In most series, it does not exceed 10%,
usually being in the range of 4-6%. We found recurrent disease in regional nodes in
4% of our patients. Mirghani et al. described the issue of regional failure in detail, and
pointed out that nodal recurrence appeared in 10% of patients in all groups, but 6.5% while
considering patients without local failure, and 4% of those with initially ¢NO [28]. Despite
generally rare regional relapse pathological types like SCC or USC without prophylactic
neck treatment may develop more nodal recurrences than ACC or MEC [38]. Other risk
factors include T-stage in the context of local invasiveness, especially at sites with a rich
lymphatic network [20,39,40]. Recommendations for elective nodal treatment to prevent
regional recurrence are not well defined and vary between authors, usually due to the
heterogeneity of the groups and a limited number of neck relapses [28]. For patients
with an isolated nodal recurrence, salvage remains a good option. In our group, only
one patient presented with an isolated nodal relapse and underwent effective salvage. In
two patients in whom a nodal recurrence developed prior to or simultaneously with a
local one, surgical salvage was effective in both cases. In the remaining three cases, local
recurrences appeared prior to a nodal one. The median preceding time was 5 months,
which may suggest a rather nodal progression from local recurrence than metastatic failure
after primary treatment. Such a scenario has also been suggested by Mirghani et al.,
who stressed the separation between isolated neck recurrence and that associated with
local failure. Such misinterpretation may lead, according to this author, to an overstated
indication for prophylactic neck management [28]. In addition, successful nodal salvage has
been reported by other authors. Cantu et al., in a group of 399 patients with maxillary sinus
cancer, found 281 recurrences and 31 isolated nodal ones among them. Due to effective
salvage, only two of them died of nodal-only metastases [41]. Dirix et al. found an isolated
nodal recurrence in six patients in a group of one hundred and twenty-seven patients with
MTSS. All of them underwent salvage neck dissection, followed by postoperative RT (no
elective RT was given during primary treatment), which was effective, and none of them
died due to nodal relapse [20].

5.1. Adenoid Cystic Carcinoma

ACC is a relatively slow-growing tumor characterized by perineural invasion and
a high rate of local recurrence. In the distribution of histological types of MSTT, ACC
usually accounts for about 10% [8], but in our series, it was the most common type (SCC
was excluded from this analysis). In our group, females were dominant (sex ratio: 2.0).
Atallach et al. also found more females in their group (sex ratio: 1.5) [42]. The five to ten
years local recurrence rate is 30% to 75% [43]. In our group, locoregional recurrence was
found in 37% of patients, and in 57% of them, salvage was performed. It was successful in
50% of patients who underwent this procedure. It resulted in a 5 and 10 years OS ratio of
74% and 38%, respectively. Other authors report 5 and 10 years of OS at 68-85% [42,44]
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and 52-67%, respectively [42,44,45]. Long-term survival in ACC is usually affected by a
high risk of distant metastases (40-50%), but we found it only in 15% [42,44].

5.2. Undifferentiated Sinonasal Carcinoma

Sinonasal undifferentiated carcinoma is a rare and aggressive tumor. This malignancy
was second as to the number of subgroup cases in our study, with almost two times more
females in the group, which is in contrast with other data [46]. Over 80% of our patients
undergo surgery followed by RT or CHRT. Kuo et al. showed that surgery, RT, and CHT as a
combined modality are the most effective treatment, with a 5 year survival rate of 41.5% [47].
Other authors showed 5 years of OS after surgery combined with RT in the range of 36-39%,
indicating that RT is a critical component in the treatment [46]. Additionally, CHT is almost
always included as part of the therapy regimen, and the role of induction CHT has been
raised [48]. In general, the overall 5 year survival rate for this malignancy is less favorable
than for other MSTT malignancies. It was also confirmed in our results. Despite that,
locoregional failure was found in 41% of our patients, and salvage was performed in all
but one case. It was effective in one-third of patients.

5.3. Sarcoma

Sarcomas are extremely rare, accounting for only ~1% of all the malignancies in the
head and neck region. Moreover, the nasal cavity and paranasal sinus location represents
only about 5% of all head and neck sarcomas. Malignant peripheral nerve sheath tumor
(MPNST) was diagnosed in three cases in our group, while in the literature, not more
than 25 cases have been reported so far [49]. In our group, five out of seven cases under-
went surgery followed by RT. Such management seems to be optimal for these type of
malignances. Although preoperative RT is well tolerated and provides a high rate of local
control [50], RT is most commonly followed by definitive surgery [51]. Treatment results
in our group were good and 5 and 10 years OS was 71%. In one case, recurrence salvage
was performed and appeared to be effective. Five years of OS and the local control ratio
reported by other authors are in the range of 56-82% and 41-83%, respectively [50,52]. One
should remember, however, that pathological subtype, site of primary tumor, histological
grade, and percentage of gross total resections, among others, may significantly impact
the outcome.

5.4. Olfactory Neuroblastoma

Olfactory neuroblastoma is a rare tumor arising from the olfactory neuroepithelium
in the sinonasal cavity. ENB presents a bimodal age distribution with peaks in the second
and sixth decades [10]. It was the youngest subgroup in our study, with a median age
of 39 years. In general, the combination of surgery and RT is the most frequently used
treatment and was associated with the best average survival results (65%) in the meta-
analysis performed by Dulguerov et al. The 5 year and 10 year OS rates in our group were
71% and 57%, respectively, which is better than in other reports. The mean overall survival
and disease-free survival at 5 years was 45% (range: 0-86%), and the average OS at 10 years
was 52% [53]. Despite the main roles of surgery and RT, CHT has been increasingly used
by Thawani [10]. There was a local failure of 57% in our group, which is higher than the
29% reported by Dulguerov et al. Salvage was possible in 50% of our patients, which
is consistent with others, indicating possible salvage in 33-50% of patients with a local
recurrence [54]. A salvage approach in our group was multimodal according to subsequent
recurrences in these patients and turned into additional years of overall survival.

5.5. Adenocarcinoma

Contrary to other data, which indicate this type as the second most common malig-
nancy, we found it only in 8% in our group (Castelnuovo and Arnold) [23,24]. We found
the maxilla most often as the primary site of this tumor, while others pointed out the nasal
cavity and ethmoid sinus (Bhayani) [54]. We noticed excellent results from surgery fol-
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lowed by RT. A successful salvage neck dissection due to reginal recurrence was performed,
resulting in a 5 years OS of 100%. Arnold et al. in a group of 21 cases reported 53% of 5 and
10 years OS. (Arnold) [24]. In fact, the 5 year overall survival (OS) rates in this group vary
widely among studies, ranging from 36% to 86% (Maccariello) [55].

5.6. Small Cell Neuroendocrine Carcinoma

A rare cancer arising mostly in the ethmoid sinus [56]. There were three patients with
this tumor in our group, and the primary localization was the maxilla in two of them.
According to the literature, surgery followed by RT remains the main treatment approach,
although some data indicate that adding CHT as an induction or as CHRT after surgery may
improve treatment results [57,58]. Three of our patients underwent surgery followed by
RT, and CHRT was given to one patient. The main reason for the failure of this malignancy
is the local recurrence or distant spread of the disease [59]. Although all our patients were
locoregionally cured, one of them died due to distant metastases.

5.7. Sinonasal Mucoepidermoid Carcinoma

Mucoepidermoid carcinoma is a common salivary gland malignancy that rarely arises
in the sinonasal region. This malignancy was found in only 3% of the patients in our group.
Maxilla is the most typical primary site for this tumor [60], and all our cases were localized
in maxilla. Generally, treatment includes surgery followed by RT. Trantafilou et al. reported
results of treatment for 164 patients with 1, 2, and 5 years of OS of 83%, 77.0%, and 57%,
respectively [60]. Such therapy was effective for our patients, and none of them experienced
treatment failure.

5.8. Acinic Cell Carcinoma

Acinic cell carcinoma is a rare cancer of this region. A review of the National Cancer
Database reported 28 such patients treated between 2004 and 2016. Most of these tumors
arose in the nasal cavity [61], and this was also the primary site of the tumor in our
patient. Biron et al. pointed out that all 18 of his cases were low-grade [62]. Surgery
alone was the main treatment option in a cohort described by Khirsagar et al. [61]. Overall
survival at 1, 5, and 10 years was 100%, 84.3%, and 52.3-72.2%, respectively [61,62]. A
meta-analysis of survival from cases in the literature performed by Biron et al. estimated
10 year recurrence-free survival at 92.9% [62]. Our patient presented with 14 years of OS,
despite local recurrences for the last 10 years that had been treated subsequently. A good
result from a few salvage attempts was probably due to the low grade of this tumor. Our
result confirms that it is a rare entity with relatively good long-term outcomes, and salvage
may be effective [61,62].

Patients suffering from MSTT require a multidisciplinary team approach not only at
diagnosis but also during follow-up. Multidisciplinary care of patients with their survivor-
ship issues is needed including rehabilitation or comprehensive nutritional assessment. Of
special importance is support in the management of the consequences of surgery or RT,
including the prevention of delayed radiation-induced complications (second malignancies,
hypothyroidism, and tissue necrosis). Moreover, surveillance is also significant because it
helps facilitate an early diagnosis of recurrence. Our data indicates that salvage is effective,
but often a multimodal and multidisciplinary team should decide what salvage option is
optimal for a particular patient in an individual clinical situation, taking into account stereo-
tactic radiosurgery and intensity-modulated particle therapy (i.e., protons and 2C-carbon
ions) [16,63]. Due to the rarity and heterogeneity of MSTT cancer registries, international
clinical studies dedicated to patients with MSTT could be proposed as a solution for this
rare disease [64].

This study has several limitations common to retrospective studies, which are even
more pronounced here due to the diverse pathology and low number of cases. On the other
hand, even a few cases of a rare pathology well described in a clinical scenario could be
beneficial. We believe that our data will support general knowledge about this disease
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and may add value to the discussion about the management of patients with MSTT in
the future.

6. Conclusions

Patients with non-SCC MSTT present a diverse prognosis that is related to several
clinical and tumor-related factors. In most cases, a multimodal primary treatment is
suggested to decrease the risk of local recurrence, which is the main reason for failure.
Recommendations are, however, sparse due to the rarity of such malignancies and the
almost complete absence of clinical trials. In this study, we indicate that salvage is possible
in most patients with non-SCC MSTT with locoregional failure and may significantly
prolong their overall survival.

Author Contributions: Data collection, results elaboration, writing—manuscript preparation, lit-
erature review, U.K.; design, data completion, results elaboration, statistical calculation, writing—
manuscript editing of the final version, TW.R; data collection, M.K.; elaboration of histopathological
data, E.C.; elaboration of radiodiagnostic data, B.B.-B.; elaboration of surgical data, C.S.; consultation
of design and revision of the final version of the manuscript, K.S. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of the Maria Sklodowska-Curie
National Research In-stitute of Oncology, Gliwice Branch (decision code: KB/430-73/21; date of
approval: 10 May 2021).

Informed Consent Statement: Patient consent was waived due to retrospective data and they could
not be identified.

Data Availability Statement: The data are available upon request from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Dulguerov, P; Jacobsen, M.S.; Allal, A.S.; Lehmann, W.; Calcaterra, T. Nasal and paranasal sinus carcinoma: Are we making
progress? A series of 220 patients and a systematic review. Cancer 2001, 92, 3012-3029. [CrossRef]

2. Kaplan, D.J.; Kim, ].H.; Wang, E.; Snyderman, C. Prognostic Indicators for Salvage Surgery of Recurrent Sinonasal Malignancy.
Otolaryngol. Neck Surg. 2015, 154, 104-112. [CrossRef]

3.  Abdelmeguid, A.S.; Teeramatwanich, W.; Roberts, D.B.; Amit, M.; Ferraroto, R.; Glisson, B.S.; Kupferman, M.E.; Su, S.Y.; Phan, | ;
Garden, A.S.; et al. Neoadjuvant chemotherapy for locoregionally advanced squamous cell carcinoma of the paranasal sinuses.
Cancer 2021, 127, 1788-1795. [CrossRef]

4. 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. [CrossRef] [PubMed]

5. Turri-Zanoni, M.; Gravante, G.; Castelnuovo, P. Molecular Biomarkers in Sinonasal Cancers: New Frontiers in Diagnosis and
Treatment. Curr. Oncol. Rep. 2022, 24, 55-67. [CrossRef]

6.  Gore, M.R. Survival in sinonasal and middle ear malignancies: A population-based study using the SEER 1973-2015 database.
BMC Ear Nose Throat Disord. 2018, 18, 13. [CrossRef]

7. Thorup, C.; Sebbesen, L.; Dang, H.; Leetmaa, M.; Andersen, M.; von Buchwald, C.; Kristensen, C.A.; Bentzen, J.; Godballe, C.;
Johansen, J.; et al. Carcinoma of the nasal cavity and paranasal sinuses in Denmark 1995-2004. Acta Oncol. 2009, 49, 389-394.
[CrossRef] [PubMed]

8. Jégoux, E; Métreau, A.; Louvel, G.; Bedfert, C. Paranasal sinus cancer. Eur. Ann. Otorhinolaryngol. Head Neck Dis. 2013, 130,
327-335. [CrossRef] [PubMed]

9.  Youlden, D.R.; Cramb, S.M.; Peters, S.; Porceddu, S.V.; Meller, H.; Fritschi, L.; Baade, P.D. International comparisons of the
incidence and mortality of sinonasal cancer. Cancer Epidemiol. 2013, 37, 770-779. [CrossRef] [PubMed]

10. Thawani, R.; Kim, M.S.; Arastu, A.; Feng, Z.; West, M.T,; Taflin, N.F,; Thein, K.Z,; Li, R.; Geltzeiler, M.; Lee, N.; et al. The
contemporary management of cancers of the sinonasal tract in adults. CA A Cancer |. Clin. 2022, 73, 72-112. [CrossRef]

11. Patel, N.N.; Maina, I.W,; Kuan, E.C.; Triantafillou, V.; Trope, M.A.; Carey, R-M.; Workman, A.D.; Tong, C.C.; Kohanski, M.A_;

Palmer, ].N.; et al. Adenocarcinoma of the Sinonasal Tract: A Review of the National Cancer Database. J. Neurol. Surg. Part B Skull
Base 2019, 81, 701-708. [CrossRef]


http://doi.org/10.1002/1097-0142(20011215)92:12&lt;3012::AID-CNCR10131&gt;3.0.CO;2-E
http://doi.org/10.1177/0194599815606699
http://doi.org/10.1002/cncr.33452
http://doi.org/10.1007/s00428-017-2116-0
http://www.ncbi.nlm.nih.gov/pubmed/28444451
http://doi.org/10.1007/s11912-021-01154-3
http://doi.org/10.1186/s12901-018-0061-4
http://doi.org/10.3109/02841860903428176
http://www.ncbi.nlm.nih.gov/pubmed/20001493
http://doi.org/10.1016/j.anorl.2012.07.007
http://www.ncbi.nlm.nih.gov/pubmed/23523040
http://doi.org/10.1016/j.canep.2013.09.014
http://www.ncbi.nlm.nih.gov/pubmed/24138871
http://doi.org/10.3322/caac.21752
http://doi.org/10.1055/s-0039-1696707

J. Clin. Med. 2023, 12, 1953 13 of 15

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

van der Laan, T.P.; Bij, H.P; van Hemel, B.M.; Plaat, B.E.C.; Wedman, ].; van der Laan, B.F.A.M.; Halmos, G.B. The importance
of multimodality therapy in the treatment of sinonasal neuroendocrine carcinoma. Eur. Arch. Oto-Rhino-Laryngol. 2013, 270,
2565-2568. [CrossRef] [PubMed]

Amsbaugh, M.].; Yusuf, M.; Silverman, C.; Bumpous, J.; Perez, C.A.; Potts, K.; Tennant, P.; Redman, R.; Dunlap, N. Organ
preservation with neoadjuvant chemoradiation in patients with orbit invasive sinonasal cancer otherwise requiring exenteration.
Radiat. Oncol. ]. 2016, 34, 209-215. [CrossRef] [PubMed]

Koivunen, P.; Mikitie, A.A.; Back, L.; Pukkila, M.; Laranne, J.; Kinnunen, L.; Aitasalo, K.; Grénman, R. A national series of 244
sinonasal cancers in Finland in 1990-2004. Eur. Arch. Oto-Rhino-Laryngol. 2011, 269, 615-621. [CrossRef] [PubMed]

Hu, W.; Hu, J.; Huang, Q.; Gao, J.; Yang, J.; Qiu, X.; Kong, L.; Lu, ].J. Particle beam radiation therapy for sinonasal malignancies:
Single institutional experience at the Shanghai Proton and Heavy Ion Center. Cancer Med. 2020, 9, 7914-7924. [CrossRef]
[PubMed]

Ferrari, M.; Taboni, S.; Carobbio, A.; Emanuelli, E.; Maroldi, R.; Bossi, P.; Nicolai, P. Sinonasal Squamous Cell Carcinoma, a
Narrative Reappraisal of the Current Evidence. Cancers 2021, 13, 2835. [CrossRef]

Sakata, K.; Maeda, A.; Rikimaru, H.; Ono, T.; Koga, N.; Takeshige, N.; Tokutomi, T.; Umeno, H.; Kiyokawa, K.; Morioka, M.
Advantage of Extended Craniofacial Resection for Advanced Malignant Tumors of the Nasal Cavity and Paranasal Sinuses:
Long-Term Outcome and Surgical Management. World Neurosurg. 2016, 89, 240-254. [CrossRef]

Doescher, J.; Veit, ].A.; Hoffmann, T.K. Die 8. Ausgabe der TNM-Klassifikation. HNO 2017, 65, 956-961. [CrossRef]

Robin, T.P; Jones, B.; Ba, O.M.G.; Phan, A.; Abbott, D.; McDermott, ].D.; Goddard, J.A.; Raben, D.; Lanning, R.M.; Karam, S.D. A
comprehensive comparative analysis of treatment modalities for sinonasal malignancies. Cancer 2017, 123, 3040-3049. [CrossRef]
Dirix, P; Nuyts, S.; Geussens, Y.; Jorissen, M.; Poorten, V.V,; Fossion, E.; Hermans, R.; Bogaert, W.V.D. Malignancies of the Nasal
Cavity and Paranasal Sinuses: Long-Term Outcome with Conventional or Three-Dimensional Conformal Radiotherapy. Int. J.
Radiat. Oncol. 2007, 69, 1042-1050. [CrossRef]

Hafstrom, A.; Sjovall, J.; Persson, S.S.; Nilsson, J.S.; Svensson, C.; Brun, E.; Greiff, L. Outcome for sinonasal malignancies: A
population-based survey. Eur. Arch. Oto-Rhino-Laryngol. 2021, 279, 2611-2622. [CrossRef]

Nightingale, J.; Lum, B.; Ladwa, R.; Simpson, F.; Panizza, B. Adenoid cystic carcinoma: A review of clinical features, treatment
targets and advances in improving the immune response to monoclonal antibody therapy. Biochim. et Biophys. Acta Rev. Cancer
2021, 1875, 188523. [CrossRef] [PubMed]

Castelnuovo, P,; Turri-Zanoni, M.; Battaglia, P.; Antognoni, P.; Bossi, P.; Locatelli, D. Sinonasal Malignancies of Anterior Skull
Base: Histology-driven Treatment Strategies. Otolaryngol. Clin. N. Am. 2016, 49, 183-200. [CrossRef] [PubMed]

Arnold, A.; Ziglinas, P.; Ochs, K.; Alter, N.; Geretschladger, A.; Ladrach, K.; Zbéren, P.; Caversaccio, M. Therapy options and
long-term results of sinonasal malignancies. Oral Oncol. 2012, 48, 1031-1037. [CrossRef]

Mattavelli, D.; Tomasoni, M.; Ferrari, M.; Compagnoni, A.; Schreiber, A.; Taboni, S.; Rampinelli, V.; Marazzi, E.; Raffetti, E.; de
Zinis, L.O.R; et al. Salvage surgery in recurrent sinonasal cancers: Proposal for a prognostic model based on clinicopathologic
and treatment-related parameters. Head Neck 2022, 44, 1857-1870. [CrossRef]

Filtenborg, M.V,; Lilja-Fischer, ] K.; Sharma, M.B.; Primdahl, H.; Kjems, ].; Plaschke, C.C.; Wessel, I.; Kristensen, C.A.; Andersen,
M.; Andersen, E.; et al. Sinonasal cancer in Denmark 2008-2015: A population-based phase-4 cohort study from DAHANCA.
Acta Oncol. 2021, 60, 333-342. [CrossRef]

Wong, D.J.; Smee, R.I. Sinonasal carcinomas-A single-centre experience at Prince of Wales Hospital, Sydney, Australia, from 1994
to 2016. J. Med. Imaging Radiat. Oncol. 2020, 64, 450-459. [CrossRef]

Mirghani, H.; Mortuaire, G.; Armas, G.L.; Hartl, D.; Aupérin, A.; El Bedoui, S.; Chevalier, D.; Lefebvre, J.L. Sinonasal cancer:
Analysis of oncological failures in 156 consecutive cases. Head Neck 2013, 36, 667-674. [CrossRef]

Zocchi, J.; Pietrobon, G.; Campomagnani, I.; Riggi, E.; Veronesi, G.; Borchini, R.; Pellini, R.; Volpi, L.; Bignami, M.; Castelnuovo,
P. The role of a post therapeutic surveillance program for sinonasal malignancies: Analysis of 417 patients. Head Neck 2019, 42,
963-973. [CrossRef]

Hanna, E.; DeMonte, F.; Ibrahim, S.; Roberts, D.; Levine, N.; Kupferman, M. Endoscopic Resection of Sinonasal Cancers with and
without Craniotomy. Arch. Otolaryngol. Neck Surg. 2009, 135, 1219-1224. [CrossRef]

Blanch, J.L.; Ruiz, A.M.; Alos, L.; Traserra-Coderch, J.; Bernal-Sprekelsen, M. Treatment of 125 Sinonasal Tumors: Prognostic
Factors, Outcome, and Follow-up. Otolaryngol. Neck Surg. 2004, 131, 973-976. [CrossRef]

Mpyers, L.L.; Nussenbaum, B.; Bradford, C.R.; Teknos, T.N.; Esclamado, R.M.; Wolf, G.T. Paranasal Sinus Malignancies: An 18-Year
Single Institution Experience. Laryngoscope 2002, 112, 1964-1969. [CrossRef]

Flynn, C.; Khaouam, N.; Gardner, S.; Higgins, K.; Enepekides, D.; Balogh, J.; MacKenzie, R.; Singh, S.; Davidson, J.; Poon, I. The
Value of Periodic Follow-up in the Detection of Recurrences after Radical Treatment in Locally Advanced Head and Neck Cancer.
Clin. Oncol. 2010, 22, 868-873. [CrossRef] [PubMed]

Kacorzyk, U.; Rutkowski, T.W. The Role of Salvage in the Management of Patients with Sinonasal Squamous Cell Carcinoma.
Biomedicines 2022, 10, 1266. [CrossRef]

Michel, G.; Joubert, M.; Delemazure, A.; Espitalier, E; Durand, N.; Malard, O. Adenoid cystic carcinoma of the paranasal sinuses:
Retrospective series and review of the literature. Eur. Ann. Otorhinolaryngol. Head Neck Dis. 2013, 130, 257-262. [CrossRef]
[PubMed]


http://doi.org/10.1007/s00405-013-2554-5
http://www.ncbi.nlm.nih.gov/pubmed/23740425
http://doi.org/10.3857/roj.2016.01739
http://www.ncbi.nlm.nih.gov/pubmed/27592515
http://doi.org/10.1007/s00405-011-1615-x
http://www.ncbi.nlm.nih.gov/pubmed/21590483
http://doi.org/10.1002/cam4.3393
http://www.ncbi.nlm.nih.gov/pubmed/32977357
http://doi.org/10.3390/cancers13112835
http://doi.org/10.1016/j.wneu.2016.02.019
http://doi.org/10.1007/s00106-017-0391-3
http://doi.org/10.1002/cncr.30686
http://doi.org/10.1016/j.ijrobp.2007.04.044
http://doi.org/10.1007/s00405-021-07057-0
http://doi.org/10.1016/j.bbcan.2021.188523
http://www.ncbi.nlm.nih.gov/pubmed/33600823
http://doi.org/10.1016/j.otc.2015.09.012
http://www.ncbi.nlm.nih.gov/pubmed/26614837
http://doi.org/10.1016/j.oraloncology.2012.04.005
http://doi.org/10.1002/hed.27102
http://doi.org/10.1080/0284186X.2021.1874618
http://doi.org/10.1111/1754-9485.13034
http://doi.org/10.1002/hed.23356
http://doi.org/10.1002/hed.26069
http://doi.org/10.1001/archoto.2009.173
http://doi.org/10.1016/j.otohns.2004.08.001
http://doi.org/10.1097/00005537-200211000-00010
http://doi.org/10.1016/j.clon.2010.05.016
http://www.ncbi.nlm.nih.gov/pubmed/20650620
http://doi.org/10.3390/biomedicines10061266
http://doi.org/10.1016/j.anorl.2012.09.010
http://www.ncbi.nlm.nih.gov/pubmed/23747147

J. Clin. Med. 2023, 12, 1953 14 0of 15

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

59.

Hoppe, B.S.; Stegman, L.D.; Zelefsky, M.].; Rosenzweig, K.E.; Wolden, S.L.; Patel, S.G.; Shah, ].P.; Kraus, D.H.; Lee, N.Y. Treatment
of nasal cavity and paranasal sinus cancer with modern radiotherapy techniques in the postoperative setting—The MSKCC
experience. Int. ]. Radiat. Oncol. 2007, 67, 691-702. [CrossRef] [PubMed]

Abdelmeguid, A.S.; Bell, D.; Hanna, E.Y. Sinonasal Undifferentiated Carcinoma. Curr. Oncol. Rep. 2019, 21, 26. [CrossRef]
[PubMed]

Jiang, G.; Ang, K; Peters, L.; Wendt, C.; Oswald, M.; Goepfert, H. Maxillary sinus carcinomas: Natural history and results of
postoperative radiotherapy. Radiother. Oncol. 1991, 21, 193-200. [CrossRef] [PubMed]

Jeremic, B.; Shibamoto, Y.; Milicic, B.; Nikolic, N.; Dagovic, A.; Aleksandrovic, J.; Vaskovic, Z.; Tadic, L. Elective ipsilateral neck
irradiation of patients with locally advanced maxillary sinus carcinoma. Cancer 2000, 88, 2246-2251. [CrossRef]

Kim, G.E,; Chung, E.J; Lim, ].J.; Keum, K.C.; Lee, SW.; Cho, ].H.; Lee, C.G.; Choi, E.C. Clinical significance of neck node
metastasis in squamous cell carcinoma of the maxillary antrum. Am. J. Otolaryngol. 1999, 20, 383-390. [CrossRef]

Cantu, G.; Bimbi, G.; Miceli, R.; Mariani, L.; Colombo, S.; Riccio, S.; Squadrelli, M.; Battisti, A.; Pompilio, M.; Rossi, M. Lymph
Node Metastases in Malignant Tumors of the Paranasal Sinuses. Arch. Otolaryngol. Neck Surg. 2008, 134, 170-177. [CrossRef]
[PubMed]

Atallah, S.; Casiraghi, O.; Fakhry, N.; Wassef, M..; Uro-Coste, E.; Espitalier, F.; Sudaka, A.; Kaminsky, M.C.; Dakpe, S.; Digue, L.;
et al. A prospective multicentre REFCOR study of 470 cases of head and neck Adenoid cystic carcinoma: Epidemiology and
prognostic factors. Eur. J. Cancer 2020, 130, 241-249. [CrossRef] [PubMed]

Chen, A M.; Bucci, M.K.; Weinberg, V.; Garcia, J.; Quivey, ].M.; Schechter, N.R.; Phillips, T.L.; Fu, K.K.; Eisele, D.W. Adenoid
cystic carcinoma of the head and neck treated by surgery with or without postoperative radiation therapy: Prognostic features of
recurrence. Int. J. Radiat. Oncol. 2006, 66, 152—159. [CrossRef]

van Weert, S.; Bloemena, E.; van der Waal, I.; de Bree, R.; Rietveld, D.H.; Kuik, J.D.; Leemans, C.R. Adenoid cystic carcinoma
of the head and neck: A single-center analysis of 105 consecutive cases over a 30-year period. Oral Oncol. 2013, 49, 824-829.
[CrossRef] [PubMed]

Ciccolallo, L.; Licitra, L.; Cantd, G.; Gatta, G. Survival from salivary glands adenoid cystic carcinoma in European populations.
Oral Oncol. 2009, 45, 669-674. [CrossRef]

Lehmann, A.E.; Remenschneider, A.; Dedmon, M.; Meier, J.; Gray, S.T.; Lin, D.T.; Chambers, K.]J. Incidence and Survival Patterns
of Sinonasal Undifferentiated Carcinoma in the United States. ]. Neurol. Surg. Part B Skull Base 2014, 76, 94-100. [CrossRef]
Kuo, P.; Manes, R.P.; Schwam, Z.G.; Judson, B.L. Survival Outcomes for Combined Modality Therapy for Sinonasal Undifferenti-
ated Carcinoma. Otolaryngol. Head Neck Surg. 2017, 156, 132-136. [CrossRef]

Amit, M.; Abdelmeguid, A.S.; Watcherporn, T.; Takahashi, H.; Tam, S.; Bell, D.; Ferrarotto, R.; Glisson, B.; Kupferman, M.E,;
Roberts, D.B.; et al. Induction Chemotherapy Response as a Guide for Treatment Optimization in Sinonasal Undifferentiated
Carcinoma. J. Clin. Oncol. 2019, 37, 504-512. [CrossRef]

Thomas, T.V,; Abraham, A.; Bhanat, E.; Al Hmada, Y.; Albert, A.; Vijayakumar, S.; Stinger, S.P.; Packianathan, S. Malignant
peripheral nerve sheath tumor of nasal cavity and paranasal sinus with 13 years of follow-up—A case report and review of
literature. Clin. Case Rep. 2019, 7, 2194-2201. [CrossRef]

Andri, C.; Rauch, J.; Li, M.; Ganswindt, U.; Belka, C.; Saleh-Ebrahimi, L.; Ballhausen, H.; Nachbichler, S.B.; Roeder, E. Excellent
local control and survival after postoperative or definitive radiation therapy for sarcomas of the head and neck. Radiat. Oncol.
2015, 10, 140. [CrossRef]

Koontz, B.E; Miles, E.F,; Rubio, M.A.D.; Madden, ].E; Fisher, S.R.; Scher, R.L.; Brizel, D. Preoperative radiotherapy and
bevacizumab for angiosarcoma of the head and neck: Two case studies. Head Neck 2008, 30, 262-266. [CrossRef]

Gullane, P; Kraus, D.; Weber, R. Soft tissue sarcoma. Head Neck 2002, 24, 296-300. [CrossRef] [PubMed]

Dulguerov, P; Allal, A.S.; Calcaterra, T.C. Esthesioneuroblastoma: A meta-analysis and review. Lancet Oncol. 2001, 2, 683-690.
[CrossRef] [PubMed]

Bhayani, M.K,; Yilmaz, T.; Sweeney, A.; Calzada, G.; Roberts, D.B.; Levine, N.B.; DeMonte, F.; Hanna, E.Y.; Kupferman, M.E.
Sinonasal adenocarcinoma: A 16-year experience at a single institution. Head Neck 2014, 36, 1490-1496. [CrossRef]

Meccariello, G.; Deganello, A.; Choussy, O.; Gallo, O.; Vitali, D.; De Raucourt, D.; Georgalas, C. Endoscopic nasal versus open
approach for the management of sinonasal adenocarcinoma: A pooled-analysis of 1826 patients. Head Neck 2015, 38, E2267-E2274.
[CrossRef] [PubMed]

Faisal, M.; Haider, I.; Adeel, M.; Waqas, O.; Hussain, R.; Jamshed, A. Small cell neuroendocrine carcinoma of nose and paranasal
sinuses: The Shaukat Khanum Memorial Cancer Hospital experience and review of literature. J. Pak. Med. Assoc. 2018, 68,
133-136.

Bhattacharyya, N.; Thornton, A.F.; Joseph, M.P.; Goodman, M.L.; Amrein, P.C. Successful Treatment of Esthesioneuroblastoma
and Neuroendocrine Carcinoma with Combined Chemotherapy and Proton Radiation: Results in 9 Cases. Arch. Otolaryngol. Neck
Surg. 1997, 123, 34-40. [CrossRef]

Fitzek, M.M.; Thornton, A.F.; Varvares, M.; Ancukiewicz, M.; Mcintyre, J.; Adams, J.; Rosenthal, S.; Joseph, M.; Amrein, P.
Neuroendocrine tumors of the sinonasal tract. Cancer 2002, 94, 2623-2634. [CrossRef]

Babin, E.; Rouleau, V.; Vedrine, O.P;; Toussaint, B.; De Raucourt, D.; Malard, O.; Cosmidis, A.; Makaeieff, M.; Dehesdin, D. Small
cell neuroendocrine carcinoma of the nasal cavity and paranasal sinuses. J. Laryngol. Otol. 2006, 120, 289-297. [CrossRef]


http://doi.org/10.1016/j.ijrobp.2006.09.023
http://www.ncbi.nlm.nih.gov/pubmed/17161557
http://doi.org/10.1007/s11912-019-0776-4
http://www.ncbi.nlm.nih.gov/pubmed/30806835
http://doi.org/10.1016/0167-8140(91)90037-H
http://www.ncbi.nlm.nih.gov/pubmed/1924855
http://doi.org/10.1002/(SICI)1097-0142(20000515)88:10&lt;2246::AID-CNCR7&gt;3.0.CO;2-S
http://doi.org/10.1016/S0196-0709(99)90078-9
http://doi.org/10.1001/archoto.2007.30
http://www.ncbi.nlm.nih.gov/pubmed/18283160
http://doi.org/10.1016/j.ejca.2020.01.023
http://www.ncbi.nlm.nih.gov/pubmed/32171628
http://doi.org/10.1016/j.ijrobp.2006.04.014
http://doi.org/10.1016/j.oraloncology.2013.05.004
http://www.ncbi.nlm.nih.gov/pubmed/23751614
http://doi.org/10.1016/j.oraloncology.2008.10.010
http://doi.org/10.1055/s-0034-1390016
http://doi.org/10.1177/0194599816670146
http://doi.org/10.1200/JCO.18.00353
http://doi.org/10.1002/ccr3.2465
http://doi.org/10.1186/s13014-015-0449-x
http://doi.org/10.1002/hed.20674
http://doi.org/10.1002/hed.10047
http://www.ncbi.nlm.nih.gov/pubmed/11891963
http://doi.org/10.1016/S1470-2045(01)00558-7
http://www.ncbi.nlm.nih.gov/pubmed/11902539
http://doi.org/10.1002/hed.23485
http://doi.org/10.1002/hed.24182
http://www.ncbi.nlm.nih.gov/pubmed/26335008
http://doi.org/10.1001/archotol.1997.01900010038005
http://doi.org/10.1002/cncr.10537
http://doi.org/10.1017/S0022215106000594

J. Clin. Med. 2023, 12, 1953 150f 15

60. Triantafillou, V.; Maina, LW.; Kuan, E.C.; Kohanski, M.A.; Tong, C.C.; Patel, N.N.; Carey, R.M.; Workman, A.D.; Palmer, ].N.;
Adappa, N.D,; et al. Sinonasal mucoepidermoid carcinoma: A review of the National Cancer Database. Int. Forum Allergy Rhinol.
2019, 9, 1046-1053. [CrossRef]

61. Kshirsagar, R.S.; Eide, ].G.; Brant, ].A.; Palmer, ].N.; Adappa, N.D. Sinonasal Acinic Cell Carcinoma: A Review of the National
Cancer Database. Am. |. Rhinol. Allergy 2022, 36, 741-746. [CrossRef]

62. Biron, V.L; Lentsch, E.J.; Gerry, D.R.; Bewley, A.F. Case-control analysis of survival outcomes in sinonasal acinic cell carcinoma.
Int. Forum Allergy Rhinol. 2014, 4, 507-511. [CrossRef] [PubMed]

63. Orlandi, E.; Iacovelli, N.A.; Ingargiola, R.; Resteghini, C.; Bossi, P; Licitra, L.; Ferrari, M.; Nicolai, P. Treatment Options for
Recurrent Anterior Skull Base Tumors. Anterior Skull Base Tumors 2020, 84, 231-245. [CrossRef]

64. Gronchi, A.; Haas, R.L.; Bonvalot, S. Cancer registries and randomised clinical trials in rare tumours: At the two extremes of daily
clinical practice. Eur. . Cancer 2016, 64, 113-115. [CrossRef] [PubMed]

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/10.1002/alr.22379
http://doi.org/10.1177/19458924221107206
http://doi.org/10.1002/alr.21301
http://www.ncbi.nlm.nih.gov/pubmed/24599557
http://doi.org/10.1159/000457942
http://doi.org/10.1016/j.ejca.2016.05.025
http://www.ncbi.nlm.nih.gov/pubmed/27391923

	Introduction and Aim of the Study 
	Material and Methods 
	Results 
	Treatment Results in All Groups 
	Adenoid Cystic Carcinoma 

	Undifferentiated Sinonasal Carcinoma 
	Sarcoma 
	Olfactory Neuroblastoma 
	Adenocarcinoma 
	Small Cell Neuroendocrine Carcinoma 
	Mucoepidermic Carcinoma 
	Acinic Cell Carcinoma 

	Discussion 
	Adenoid Cystic Carcinoma 
	Undifferentiated Sinonasal Carcinoma 
	Sarcoma 
	Olfactory Neuroblastoma 
	Adenocarcinoma 
	Small Cell Neuroendocrine Carcinoma 
	Sinonasal Mucoepidermoid Carcinoma 
	Acinic Cell Carcinoma 

	Conclusions 
	References

