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Abstract

Purpose Sinonasal malignancies (SNM) represent a rare and complex group of cancers that includes a wide range of his-
topathological subtypes. Data from population-based cohorts are scarce but warranted as a basis for randomized controlled
treatment trials (RCTs). Our aim was to assess overall and histology subset-specific outcomes for SNM patients treated at
a tertiary referral centre.

Methods A retrospective, population-based, consecutive cohort of patients with SNMs diagnosed from 2001 through 2019
was examined. Outcome was analysed in relation to age, gender, site, stage, histopathology, and treatment.

Results Two-hundred and twenty-six patients were identified, whereof 61% presented with stage IV disease. 80% completed
treatment with curative intent, which comprised surgery with neoadjuvant (29%) or adjuvant (37%) radiotherapy, monother-
apy with surgery (22%), definitive chemoradiotherapy (7%), or radiotherapy (5%). Median follow-up was 106 months. The
5- and 10-year overall survival rates were 57% and 35%, respectively. Median overall survival was 76 months (esthesioneu-
roblastoma: 147 months; adenocarcinoma: 117; salivary carcinoma: 88; mucosal melanoma: 69; squamous cell carcinoma:
51, undifferentiated carcinoma: 42; neuroendocrine carcinoma: 9; and NUT-carcinoma 5). The 5- and 10-year disease-free
survival rates were 63% and 54 %, respectively, and disease-specific survival 83% and 66%. Increasing age, stage IVB, mela-
noma histopathology, and treatment with definitive chemoradiotherapy emerged as significant independent prognostic risk
factors for disease-specific mortality (p <0.001).

Conclusion The results indicate a seemingly good outcome in comparison to previous reports, particularly for mucosal
melanoma, adenocarcinoma, and undifferentiated carcinoma. The study provides additional background for future RCTs
focusing on histology subset-specific treatment for SNM.

Keywords Head and neck cancer - Sinonasal cancer - Mucosal melanoma - Adenocarcinoma - Multimodal cancer therapy -
Head and neck surgery

Introduction chemotherapy (CT) [2], and 5-year overall survival (OS)

ranges from 20 to 50% [3]. With few exceptions [4—6], there

Sinonasal malignancies (SNM) represent a rare and com-
plex group of cancers that characteristically includes a
wide range of histopathological subtypes [1]. The treatment
comprises surgery and radiotherapy (RT) with or without
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is limited information on characteristics and fate of SNM
derived from population-based cohorts. Arguably, such
information is imperative to accurately design future ran-
domized controlled trials (RCTs) and, thereby, to evaluate
treatments in relation to specific SNM subsets.

The three Nordic studies by Thorup et al., Koivunen
et al., and Filtenborg et al. utilize population-based cancer
registries and aim to identify and study all cases in a defined
population [4-6]. The principal drawback of such studies is
a lack of detailed information, which can only be obtained
by analysing patient records. Furthermore, as indicated by
Filtenborg et al., the case detection rate may vary, e.g., as
reflected by an 8% discrepancy between the Danish Cancer

@ Springer


http://orcid.org/0000-0002-6160-0347
http://orcid.org/0000-0001-6540-7168
http://orcid.org/0000-0002-5021-7430
http://orcid.org/0000-0002-7004-1989
http://crossmark.crossref.org/dialog/?doi=10.1007/s00405-021-07057-0&domain=pdf

2612

European Archives of Oto-Rhino-Laryngology (2022) 279:2611-2622

Registry and the Danish Head and Neck Cancer Group for
SNM [6]. Another disadvantage of registry-based studies is
that inclusion of histological subtypes may not be uniform,
and that treatment regimen may vary between contributing
centres [2, 4-7]. Taken together, this highlights a need for
population-based studies that include detailed crosschecking
with patient records.

In this study involving consecutive patients in a popula-
tion-based cohort from the Southern Swedish Health Care
Region treated at one tertiary academic referral centre, we
aimed to analyse characteristics and fate (survival) of SNM
based on clinical information (not registry data). Accord-
ingly, overall survival (OS), disease-free survival (DFS), and
disease-specific survival (DSS) were analysed in relation to
age, gender, site, stage, histopathology, and treatment.

Methods
Study design and patients

The study was of a retrospective design and involved con-
secutive patients with SNM from the population-based
1.9 million cohort of inhabitants of the Southern Swedish
Health Care Region. These patients were either diagnosed at
Skane University Hospital, Lund, or referred to us from the
five sub-regional hospitals, which reflects that treatment of
all patients with SNM in the region is centralized to Skane
University Hospital. All patients from the Southern Swed-
ish Health Care Region diagnosed with a primary SNM
between January 1, 2001 and December 31, 2019 were iden-
tified using ICD-10 codes C300 to C318 and crosschecked
against the regional multidisciplinary tumour (MDT) board
registry. Ethical approval was granted by the regional Ethics
Review Board (2018/745). Patient records were scrutinized
and data on age, gender, subsite, stage, and histopathology
were collected as were diagnosis date and treatment. Assess-
ment of histological margin status is difficult in SNM, espe-
cially retrospectively, and was not included in the analysis.
Demographics and survival outcome were analysed. Patients
with earlier sinonasal cancer were excluded from the study.

Staging

If applicable, patients were restaged according to the 8th
Edition of the Union for International Cancer Control
(UICC) TNM Classification of Malignant Tumors. Clini-
cal information, including radiological findings, were
obtained and used for restaging. Data were retrieved from
the pathology reports and the following histopathologies
were included: squamous cell carcinoma (SCC), sinona-
sal mucosal melanoma (SNMM), adenocarcinoma, sali-
vary carcinoma, esthesioneuroblastoma (ENB), sinonasal
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undifferentiated carcinoma (SNUC), sinonasal neuroendo-
crine carcinoma (SNEC), and NUT carcinoma.

Treatment and follow-up

Data on treatment intent as well as administered treatment
were collected with date and type of surgical resection as
well as dates and doses of administered RT with or without
concomitant chemotherapy (RT = CT). The therapy was cat-
egorized into the following groups: definitive RT + CT, sur-
gery alone, surgery with neoadjuvant or adjuvant RT + CT.
Treatment was also categorized into monotherapy or multi-
modality regimes that included surgery with either neoadju-
vant or adjuvant RT + CT. RT was administered 5 days per
week in daily doses of 1.8-3 Gray (Gy) per fraction once or
twice daily. Follow-up was also recorded, including date and
localization of any recurrence, date and cause of death, and
date of last follow-up. Patients had clinical follow-up con-
trols every 3rd—6th month either up to 5-year post-treatment,
until December 31, 2020, or death.

Analysis

Median follow-up time was calculated from end of treatment
to last follow-up or death. Disease free survival (DFS) was
calculated as the time from end of primary treatment to the
date of an event. Disease-specific survival (DSS) and overall
survival (OS) were measured from date of diagnosis to date
of death. Surviving patients still recurrence-free and/or alive
at their last follow-up were censored on that date. Standard
Kaplan—Meier estimates of DFS, DSS, and OS distributions
were computed using SPSS 25.0. Differences between sur-
vival curves were assessed by the log-rank test. Analysis of
prognostic factors was performed using Cox proportional
hazard analyses.

Results

Two-hundred and forty-three SNM patients were identi-
fied. Three patients under the age of 18 (1 NUT-sarcoma
and 2 rhabdomyosarcoma) were excluded from the analy-
sis, as were 9 patients with other types of sarcoma and 5
with hemangiopericytoma. Accordingly, 226 patients were
analysed. Demographics, site, stage, histopathology, and
treatment data are presented in Table 1. SCC was the most
common subtype (53.1%), followed by SNMM (12.8%),
adenocarcinoma (10.2%), salivary carcinoma (8.8%), ENB
(6.6%), SNUC (5.8%), SNEC (2.2%), and NUT (0.4%).
Eighty percent completed treatment with curative intent. The
treatment consisted of multimodality regimes including sur-
gery with neoadjuvant (29%) or adjuvant (37%) RT + CT, as
well as monotherapy regimes with surgery (22%), definitive
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Table 1 Demographics, tumor characteristics, treatment intention, and outcome by histologic subtype for 226 patients with sinonasal malignan-

cies

All Nee SNMM Adeno Salivary * ENB SNUC SNEC NUT
(n=226) (n=120) (n=29) (n=23) (n=20) (n=15) (n=13) (n=5) (n=1)

Age

Mean/median 66.0/67 67.5/68 68.3/69 61.1/65 60.6/60 62.7/67 71.7/69 58.8/54 40

Range 27-97 40-91 51-84 31-83 30-93 41-78 52-97 27-90 40
Sex (male) (%) 57 68 45 52 40 53 39 40 0
Stage® (%)

I 16 24 NA 13 10 13 20

I 12 9 NA 30 30 13

I 11 14 14 9 5

IVA 31 28 69 26 20 27 23

IVB 26 22 10 22 30 47 69 60

1vC 4 3 7 5 8 20 100
Primary site (%)

Nasal cavity 58 54 72 57 65 73 31 60

Maxillary 22 29 10 22 20 8 100

Ethmoid 3 3 3 13

Frontal 0 1

Sphenoid 4 4 3 5 8

Overlapping® 14 9 10 9 10 27 54 40
Curative treatment intention (%)

Initiated 84 83 93 96 70 100 69 60 0

Completed 80 80 76 96 70 100 62 60 0
Survival (months)

Mean OS +SD 88.7+£5.6 77.7+6.7 692+109 120.6+158 103.1+£19.2 1351+9.6 505+12.6 294+139 5

Median OS 76 51 69 117 88 147 42 9

95% C1 57-94 20-82 28-110 89-145 26-150 56-238 0-86 5-13
5-year OS (%) 56.6 48.1 54.9 77.3 70.0 100 44.0 20.0 0
10-year OS (%) 35.1 34.6 29.1 48.9 46.7 79.5 0 0

SCC squamous cell carcinoma, SNMM sinonasal mucosal melanoma, Adeno adenocarcinoma, Salivary salivary carcinoma, ENB esthesioneuro-
blastoma, SNUC sinonasal undifferentiated carcinoma, SNEC sinonasal neuroendocrine carcinoma, NUT NUT carcinoma

The histology for the 20 patients diagnosed with salivary carcinoma was adenoid cystic cancer (n= 13), salivary duct carcinoma (n=2), epithe-
lial-myoepithelial carcinoma (n=2), acinic cell cancer (n=1), mucoepidermoid cancer (n=1), and cancer ex pleomorphic adenoma (n=1). The
5-year OS rate for patients with adenoid cystic cancer was 76.9% (median OS was 86 months)

bStage according to UICC TNM 8th edition

“Overlapping lesion of accessory sinuses (C31.8)

RT+CT (7%), or RT (5%). Follow-up was 100%. The
median follow-up time was 106 (95% CI 94-119) months.

Overall survival

Median OS for all patients was 76 (95% CI 57-94) months
with 5- and 10-year OS rates of 57% and 35%, respectively.
Patients with ENB and adenocarcinoma had best progno-
sis, salivary carcinoma intermediate prognosis, whereas
other histopathologies had poorer prognosis (Fig. 1a). The
median OS by stage was 125 months for stage I (n=37),
146 for stage II (n=26), 140 for stage III (n=25), 94 for
stage IVA (n=69), 15 for stage IVB (n=59), and 7 for stage

IV C (n=10) (Fig. 1b). Patients with tumors located in the
nasal cavity had significantly better survival compared to
other subsites (Fig. 1c). The median OS by subsite was
109 months for nasal cavity, 71 for ethmoid sinus, 29 for
maxillary sinus, 37 for overlapping lesions, 15 for fron-
tal, and 9 for sphenoid sinus. As indicated in Fig. 1d, OS
also varied significantly with treatment intent and modality
(p<0.001).

The results of the univariable and multivariable analyses
for OS (risk for death) are listed in Table 2. Age, T and
N-classification, site, stage, histopathology, and treatment
were all significant risk factors (p <0.001). Increasing age,
stage IVA disease or higher, paranasal tumor localization,
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Fig.1 Kaplan—Meier curves displaying overall survival by histo-
pathology (a), stage (b), site (c), and treatment (d) for 226 patients
with SNM. SCC squamous cell carcinoma, Adeno adenocarcinoma,
Salivary salivary carcinoma, SNUC sinonasal undifferentiated carci-

NUT histopathology, and treatment with palliative intention
remained as significant independent negative prognostic fac-
tors in the multivariable analysis. There were no significant
differences in survival between patients treated in the early
(2001-2009) and the latter half (2010-2019) of the study
period.

Treatment with curative intent

Treatment with curative intent was initiated in 84% of the
226 patients but could only be completed in 80%. Demo-
graphics, tumor characteristics, treatment, and outcome
for the 180 patients who completed curative treatment are
depicted in Table 3. Of these patients, 158 (88%) patients
had surgery, 141 (78%) had RT, and 37 (21%) CT or com-
binations thereof. Monotherapy was administered to 44%,
with only surgery to 22%, definitive chemoradiotherapy
(RT+CT) to 7%, and RT to 5%. Multimodality treatment
that included surgery and RT + CT was administered to
66%. Furthermore, 52 patients (29%) received neoadjuvant
oncological therapy, whereof 37 had neoadjuvant RT and 15
had neoadjuvant RT + CT. Sixty-six patients (37%) received
adjuvant oncological therapy, whereof 57 had adjuvant RT
and 9 had RT + CT. No patient was subjected to neoadju-
vant chemotherapy alone. Treatment varied significantly
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noma, SNEC sinonasal neuroendocrine carcinoma, SNMM sinonasal
mucosal melanoma, ENB esthesioneuroblastoma, NUT NUT-carci-
noma, RT + CT radiotherapy with or without concomitant chemother-

apy

according to histology (Table 3) and stage (p <0.001). Most
stage I patients had only surgery (73%), most stage II and
III surgery and adjuvant RT +CT (50% and 56%, respec-
tively), most stage IVA neoadjuvant (58%) or adjuvant (37%)
RT +CT in combination with surgery, and most stage IVB
definitive RT + CT (52%) or surgery with adjuvant RT +CT
(33%). The surgery was endoscopic in 19% and open trans-
facial in the remaining cases. It included medial maxillecto-
mies in 44%, hemi maxillectomies in 25%, nose amputations
in 8%, craniofacial resections in 6%, orbital eviscerations in
6%, and reconstruction with microvascular free flaps in 4%.

Failures and disease-free survival

During follow-up, 31% (n=55) of the 180 patients treated
with curative intent suffered from recurrences (i.e., 17 local,
15 regional, 17 distant, 2 loco-regional, 2 regio-distant, and
2 all sites). Six patients were never in remission: one stage
IVA SCC and 5 stage IVB (2 SCC, 1 SNMM, 1 SNUC, 1
SNEC). The DFS varied significantly according to histopa-
thology (p=0.022), stage (» =0.0002), and treatment modal-
ity (»p =0.020), but not according to primary site (p =0.056)
(Fig. 2). SCC, adenocarcinoma, and ENB had the longest
DFS, whereas patients with SNMM, SNEC, and SNUC had
the shortest (Table 3). Patients who only had surgery (n=39)
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Table 2 Overall survival and
risk for death in 226 patients
with sinonasal malignancies

n Events  Univariable Cox Multivariable Cox
pvalue HR (95% CI) pvalue HR (95% CI)
All patients 226 126
Age 0.002 1.03 1.01-1.04
0-65 99 43 1 (Ref.) NA
>65 127 83 0.000 2.2 1.5-3.1
Sex NA
Male 129 73 1 (Ref.)
Female 97 53 0.404 0.9 0.6-1.2
T classification NA
Tl 38 15 0.000 1 (Ref.)
T2 29 14 0.680 1.2 0.6-2.4
T3 23 6 0.668 0.8 0.3-2.1
T4a 68 37 0.051 1.8 1.0-3.3
T4b 68 54 0.000 43 2.4-7.6
N classification
NO 204 110 1 (Ref.) NA
N+ 22 16 0.000 2.6 1.6-4.5
Stage
I 37 14 0.000 1 (Ref.) 0.001 1 (Ref.)
1T 26 12 0.814 1.1 0.5-24 0.181 1.9 0.7-4.7
1 25 8 0.772 1.1 0.5-2.7 0.402 1.5 0.64.0
IVA 69 38 0.037 1.9 1.04-3.6  0.028 2.7 1.1-6.8
IVB 59 45 0.000 4.5 24-8.2 0.000 6.9 2.6-18.0
IvC 10 9 0.000 13.6 5.7-32.8  0.031 4.0 1.1-13.8
Tumor site
Nasal cavity 128 61 1 (Ref.) 1 (Ref.)
Paranasal 98 65 0.000 2.0 1428 0.002 1.03 1.01-1.04
Histopathology
SCC 120 65 0.000 1 (Ref.) 0.005 1 (Ref.)
Adeno 23 11 0.052 0.5 0.3-1.0 0.080 0.5 0.3-1.1
Salivary 20 10 0.325 0.7 04-14 0.263 0.7 0.3-14
SNUC 13 11 0.084 1.8 0.9-3.3 0.012 0.4 0.2-0.8
SNEC 5 5 0.019 3.0 1.2-7.5 0.187 1.9 0.7-4.9
SNMM 29 20 0.568 1.2 0.7-1.9 0.664 0.9 0.5-1.6
NUT 1 1 0.012 13.4 1.8-102 0.049 9.1 1.0-82.3
ENB 15 3 0.011 0.2 0.1-0.7 0.007 0.2 0.1-0.6
Treatment
Surgery only 39 21 0.000 1 (Ref.) 0.000 1 (Ref.)
Multimodality 119 48 0.421 0.8 0.5-14 0.145 0.6 0.3-1.2
Definitive RT+CT 22 14 0.020 2.3 1.1-4-6 0.478 0.7 0.2-1.9
Palliative 46 43 0.000 17.2 9.3-31.7  0.001 54 2.0-14.3

Age (binary variable lit at 65 years) as well as T and N classification were pre-selected to be included in
univariate analysis, whereas age as a continuous variable and stage were pre-selected to be included in

multivariable model

HR hazard ratios from uni- and multivariable Cox regression, NA not applicable, Ref. reference, RT + CT
chemoradiotherapy that included chemotherapy in 7% of the cases, SCC squamous cell carcinoma, SNMM
Sinonasal mucosal melanoma, Adeno adenocarcinoma, Salivary salivary carcinoma, ENB esthesioneuro-
blastoma, SNUC sinonasal undifferentiated carcinoma, SNEC sinonasal neuroendocrine carcinoma, NUT
NUT carcinoma, RT + CT radiotherapy with or without concomitant chemotherapy

@ Springer



European Archives of Oto-Rhino-Laryngology (2022) 279:2611-2622

2616

S350 AU} JO 9/ UL Aderdaypowayd papn[out [DF LY dABUYa(,
(8°1€D) sosnuls A10ss209¢e Jo uoisa] SurddefroaQ,

uonIpa Yig NLL DDIN 03 Sutpiodoe a3eig,

BUIOUIDIED prowapidooonu pue ewoOUIdIeRd d1ISAD PIouape JUIpn[oul BWOUIIRd AIRAI[RS,,

[BATAINS 931J 9SBASIP §.7(7 ‘TEATAINS OYI0adS-ISBASIP §§(7 ‘TRATAINS [[BISA0 §O) ‘AdeIayIoWayd JUBIIOOUOD INOYIIM IO (Im Aderoyiorpel 1) F .y “CWOUIDIR) SULIDOPUOINAU [BSEUOUIS HFNS ‘BWOU

-10IED PJENJUSISYIPUN [eSeUuours DNS

‘BWIOJSB[QOINAUOISAYISS GNF ‘BUWOUIOILD KIBAI[ES {IDAIIDS ‘BWOUIDIBIOUSPE OUIPY ‘BUWOUB[IW [ESOINWI [ESEUOUIS NS ‘BWOUIOIRD [[30 snowenbs D)§

£ee 68¢ 0Ty L'LE 6'89 881 TIL 0vS (%) SAQ 1e&-01
£ee 6'8¢ 68 €0S 6'89 £6e TIL ¥'€9 (%) $4Q 1eah-g

6 8¢ 911 8 VN Ly VN VN SAQ ueIpay

€EIF90C €CIF6'19 SYIFT801 991 FS¥8 T8IFI'8EI 6CIF16S YLFGSSII TLFS6II dSF SAd ued]y
0 68¢ S6L L99 78 I'LE ¥'SL 659 (%) SSA 1801
L99 €8¢ 001 001 868 00L 808 8T8 (%) $SA 1e0k-g

0L 9L L¥1 VN VN LOT VN VN SSd ueIpay

ESTFL6Y TSIF9'69 96F1°GEL C'8IF8GST 0ETF90LI 1'CI+698 L9FTSEL LOFTI¥I ds¥S$sd ueaN
0 0 S6L L99 I'1s 61¢ 6'Tr \R24 (%) SO 1ek-01
L99 €8S 001 001 608 659 9'6S ToL (%) SO Teak-g

9 9L L¥1 9pl STl IL Y01 601 SO UeIpaN

78IF0'SH 991 F+'69 L6F1°6El €8IF 6171 L'STF96T1 LTITFTI8 ¥LF9Y6 1'9FL°LOT dSF SO0 uesy
(syjuowr) [eAIAING

€l L €T 65 € 6C jueanfpeoaN

€l €6 L ¥S LT ¥T LE JueAn(py

pLOFIY

L9 SL L ! 4! AUy

€€ IC €T 14! 8C 44 Aquo Kre5mg
(%) yusuneal],

€€ 0S LT L 6 6 9 I ,surddepoa

4 L 43 6 6T 44 [eseueIed

L9 8¢ €L 98 65 8 S9 L9 Ayraed [eseN
ADNNV 9IS Jown) \Cmaﬂm

L9 88 Ly L L S €l 81 AL

4 LT 6T 6T LL 8T €€ VAI

L L 81 81 71 111

€l (97 (9% VN I vl 11

€€ €l ¥l ¥1 VN 0g 1T I
(%) 423&18
€€ ST 39 9¢ 0S It 99 Ss (%) (arewr) X8

18-LT 18-29 8.1t 98-0¢ £8-1¢ £8-1S 16-0t 16-LT a3uey

¥SIvS 99/4°69 L9IL'TY TSIES ¥9/1°19 89/0°L9 L9/€'S9 S9/8'€9 UBIPIW/UBIA
Ay

(c=u) (8=u) (S1=u) F1=u) (Tz=u) (Tz=u) 96=1) (081=1)
O4ANS DNNS aNd (AIeAI[eS oudpy INIANS 208 nv

JULIUI dATRIND YIIM pajean) sjuaned g1 Joy 2dAi1qns 2130[0IS1Y AQ WI0INO PuUB ‘sonsLId)OeIRyd Jown) ‘solyderSowaq € a|qel

pringer

Qs



European Archives of Oto-Rhino-Laryngology (2022) 279:2611-2622 2617
(a) Log Rank ( )
Ul Mantslcox) b - Log Rank
nwis] p=0. Tl (Mantel-Cox)
- — SCC (1=96) { p=0.0002
£ os g TS = idano (P22) ‘11 Stage | (n=37)
i 7___1 7 Salvary (1=14) Z ., | F, — Stege I (e2)
k] r e e pnd 5 - L 5 1 Stage Il (1=25)
& L= SNMM("’_% 8 +—t Stage VA (n=59)
= 08 ; \ {r2) ° Stage VB (n=33)
2 N8 (n=15) [ + Censored
s Censored 5 08 ;
5 -t 2 t
@ i z
8 os 4 a
s 3 o4
& w
8 i a
2 02 8
e 2 oo
2 0
00
0 12 24 3% 48 60 72 84 9% 108 120 00
Time (months) 0 12 24 36 48 60 72 8 9% 108 120
Time (months)
(c)
Log Rank
19 fr ty, (Mantel-Cox)
[y p=0.020
g s ] Surgery only (n=39)
- NN —MIRTACT (n=22)
H KN ¥ B 1 Adjuvant RTCT (n=66)
— Neoad. RT£CT (n=53)
) Censorsd

Disease Free Survival Probability
+

0 12 24 3% 48 60 72 84 9% 108 120

Time (months)

Fig.2 Kaplan—Meier curves displaying disease free survival by histo-
pathology (a), stage (b), and treatment (c) for 180 patients with SNM
treated with curative intent. SCC squamous cell carcinoma, Adeno
adenocarcinoma, Salivary salivary carcinoma, SNUC sinonasal undif-

had the longest DFS (mean 119.4 +9.3 months), whereas
the 22 patients who received definitive RT + CT (whereof
13 in combination with concomitant CT) had mean DFS
of 49.8 + 8.0 months. Patients who received multimodality
treatment with RT +CT in a neoadjuvant setting (n=53) had
a mean DFS of 107.8 + 12.7 months and 105.2 + 9.3 months
in the adjuvant setting (n=66).

T-classification (p =0.002), regional metastases
(p=0.005), stage (p =0.002) histopathology (p=0.020), and
treatment (p =0.033), but not age or gender had significant
impact on risk for recurrences or never being in remission
(univariable analysis). According to multivariable regression
analysis, stage (p=0.001) and histopathology (p =0.030)
remained as significant independent factors for recurrence:
stage IIT (HR 4.6 [95% CI 1.1-18.4]), stage IVA (HR 5.9
[95% CI 1.7-20.8]), stage IVB (HR 12.8 [95% CI 3.6-45.2]),
SNEC (HR 5.0 [95% CI 1.1-23.1]), and melanoma histopa-
thology (HR 2.2 [95% CI 1.1-4.5]).

Disease-specific survival

During follow-up, 44 of the 180 patients treated with
curative intent succumbed to their disease and 38 died of

ferentiated carcinoma, SNEC sinonasal neuroendocrine carcinoma,
SNMM sinonasal mucosal melanoma, ENB esthesioneuroblastoma,
RT + CT radiotherapy with or without concomitant chemotherapy

intercurrent disease. The DSS varied significantly according
to stage (p =0.0000003), histopathology (p =0.0004), treat-
ment modality (p =0.000002), and primary site (p =0.016)
(Fig. 3). The 5- and 10-year OS and DSS rates by histo-
pathology are presented in Table 3. Patients with adeno-
carcinoma and salivary carcinoma had the longest DSS,
whereas patients with SNUC and SNEC had the shortest.
Patients who only had surgery had the longest DSS (mean
150.5 +5.0 months), whereas patients who received defini-
tive RT +CT had a mean DSS time of 54.9 + 6.9 months.
Patients who received multimodality treatment with
RT +CT in the neoadjuvant setting had a mean DSS of
131.8 +12.1 months, whereas it was 148.9 + 10.6 months
in the adjuvant setting (n =66). Increasing age (1-year incre-
ments) (HR 1.04 [95% CI 1.02-1.06]), stage IVB disease
(HR 4.6 [95% CI 2.1-10.0]), melanoma histopathology
(HR 4.7 [95% CI 2.0-10.9]), and treatment with definitive
RT+CT (p=0.001, HR 17.3 [95% CI 3.3-90.9]) remained
as significant independent prognostic factors for disease-spe-
cific mortality (DSM) according to multivariable regression
analysis (p <0.001).
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Fig.3 Kaplan—-Meier curves displaying disease-specific survival by
histopathology (a), stage (b), site (c¢), and given treatment (d) for
180 patients with SNM treated with curative intent. SCC squamous
cell carcinoma, Adeno adenocarcinoma, Salivary salivary carcinoma,

Stage IVB disease

Fifty-nine patients in the total cohort were diagnosed
with stage IVB disease. During follow-up, 42 succumbed
to their malignancy and 3 died of intercurrent disease.
The median OS was 15 months. OS varied significantly
by histopathology (p =0.003) and was longest for ENB
(median 83 months) while shortest for salivary carci-
noma (median 4 months), SNMM (median 7 months),
and SNEC (median 9 months). Treatment with curative
intent was administered to 56% (n=33) despite that 20
of those patients had intracranial, 12 sphenoidal, and/or
7 nasopharyngeal involvements. Six patients had tumors
involving the orbital apex and 5 the retro-maxillary space.
Treatment varied significantly according to histopathology
(p=0.005). All 33 patients subjected to curative treatment
received RT. Seventeen had definitive RT + CT (8 SCC,
6 SNUC, 2 SNEC) and 16 had surgery after neoadjuvant
RT+CT (3 SCC, 1 Adeno, 1 SCC) or before adjuvant
RT+CT (6 ENB, 2 Adeno, 1 SCC, 1 salivary, I SNUC).
The RT + CT included concomitant CT in 15 cases, i.e.,
for 65% in the definitive RT + CT group, 27% in the adju-
vant, and 20% in the neoadjuvant group. The surgery was

@ Springer

0 12 24 36 48 80 72 84 % 108 120

Time (months)

SNUC sinonasal undifferentiated carcinoma, SNEC sinonasal neu-
roendocrine carcinoma, SNMM sinonasal mucosal melanoma, ENB
esthesioneuroblastoma, RT+ CT radiotherapy with or without con-
comitant chemotherapy

endoscopic in 9 cases (mostly ENB) and open transfa-
cial in 24. Six patients were never in remission (2 after
neoadjuvant treatment and surgery and 4 after definitive
RT + CT. During follow-up, 12 additional patients suc-
cumbed to their malignancy. The DSS varied significantly
according to histopathology (p =0.00002) and was longest
for adenocarcinoma and ENB while shortest for SNMM
and SNEC (Fig. 4a). Survival also varied significantly
according to treatment modality (p =0.016). The 5-year
DSS was 100% after adjuvant RT + CT, whereas it was
40% after neoadjuvant RT + CT plus surgery and 43% after
definitive RT + CT (Fig. 4b). Having a tumor deemed as
not resectable increased risk for DSM (p =0.006, HR 6.1
[95% CI 1.7-22.1]). Having surgery and adjuvant RT + CT
reduced the risk for DSM cf. definitive and neoadjuvant
RT+CT (p=0.015, HR 0.2 [95% CI 0.0-0.7]).

Patients treated with palliative intent

Treatment with palliative intent was administered to 20% of
the cohort (n=46). The median age was 76 (range 40-97)
years and 35% were women. These patients were signifi-
cantly older than the patients who completed treatment with
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Fig.4 Kaplan—Meier curves displaying disease-specific survival by
histopathology (a) and treatment modality (b) for 33 patients with
stage IVB SNM treated with curative intent. SCC squamous cell car-
cinoma, Adeno adenocarcinoma, Salivary salivary carcinoma, SNUC

curative intent (p <0.001). The histopathology was SCC in
52%, SNMM in 15%, salivary carcinoma in 13%, SNUC
in 11%, SNEC in 4%, adenocarcinoma in 2%, and NUT-
sarcoma in 4%. All presented with stage IV disease (stage
IVA 22%, IVB 56%, and IVC 22%). Best supportive care
was administered to all patients, whereof 52% also received
palliative RT, 20% palliative RT + CT, and 6% palliative sur-
gery. The mean survival was 10.3 +2.4 months. The 1- and
2-year OS rates were 28.3% and 3.9%, respectively.

Discussion

This study describes characteristics and fate for 226 con-
secutive patients with de novo SNM, including SNMM and
ENB, who were treated at a single tertiary academic referral
centre. The lead finding is a seemingly good survival out-
come, especially for patients with SNMM, adenocarcinoma,
and SNUC. Together with published literature on the mat-
ter, our results may provide a background for future RCTs.
The strength of our report reflects that it involves a popula-
tion-based cohort and that curated data have been obtained
directly from patient records.

A principal feature of our findings is a seemingly longer
survival for the whole cohort (including patients treated with
curative and palliative intent) compared to other studies. The
5-year OS rate of 57% is numerically better than correspond-
ing rates reported by Thorup et al. (47%), Koivunen et al.
(38%), Filtenborg et al. (46%), and Gore et al. (46%) [4-7].
To the best of our understanding, these discrepancies are
probably not explained by factors, such as age, site, or even
stage. In fact, a greater percentage of our patients presented
with stage IV disease (61%), ¢f. Thorup (48%), Koivunen
(52%), and Filtenborg (58%). Similarly, the apparently better
survival in our study cf. Gore et al. may not be explained by
less advanced tumors, as regional and distant metastases,
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sinonasal undifferentiated carcinoma, SNEC sinonasal neuroendo-
crine carcinoma, SNMM sinonasal mucosal melanoma, ENB esthe-
sioneuroblastoma, RT + CT radiotherapy with or without concomitant
chemotherapy

respectively, were present in 9.5% and 4.1% in our study
cf. in 4.4% and 1.5% in the U.S. cohort [7]. Moreover, the
5-year DSS rate of 83% for patients treated with curative
intent in our cohort is higher than in the two registry-based
studies from Denmark reported by Thorup et al. (57%) and
Filtenborg et al. (56%) [4, 6]. However, we fully concede
that cohort heterogeneity makes it difficult to reach defini-
tive conclusions regarding survival differences between our
study and the Nordic [4-6] and U.S. [2, 7] registry-based
reports, i.e., differences in distributions of histopathologies,
nasal/paranasal localizations, and tumour stages as well as
differences in distributions between treatment with palliative
and curative intent.

It is essential to consider the histopathology of SNM
in relation to specific outcome measures, because it is an
important prognostic factor [8]. Our findings corroborate
this, because histopathology influenced DFS, DSS, and OS.
Patients with adenocarcinoma and ENB had the best prog-
nosis, while SCC, SNMM, salivary carcinoma, and SNUC
had poorer, and SNEC and NUT had the worst prognosis.
In 2017, Robin et al. presented survival for SNM per his-
topathology based on 11,160 patients from of the National
Cancer Database, representing > 1,500 community and aca-
demic cancer centres and approximately 70% of all cases
in the U.S. [2]. SCC was most frequent (54%) followed by
SNMM (10%), adenocarcinoma (7%), adenoid cystic can-
cer (7%), SNUC (4%), and ENB (10%). These percentages
are similar to what we observed, and heterogeneity in his-
topathology may not explain the differences in outcomes
between the reports. Robin et al. reported no survival
rates but instead median OS times: 52.8 months for SCC
(¢f. 54 months in our cohort), 22.4 months for SNMM (cf.
69 months in our cohort), 98.6 months for adenocarcinoma
(¢f. 117 months in our cohort), 86.1 months for adenoid
cystic cancer (cf. 86 months in our cohort), and 33.4 months
for SNUC (c¢f. 42 months in our cohort). In the study by
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Robin et al., median OS was not reached for ENB, whereas
it was 147 months in our cohort.

Survival for patients with SNM of specific histopatholo-
gies in the present study seems to surpass what was reported
by Robin et al. [2]. The most pronounced difference con-
cerns SNMM. As indicated above, we observed 46 months
longer median survival time for SNMM patients than pre-
sented by Robin et al. [2]. Moreover, the observed 5-year
OS rate of 55% for all SNMM in the present study agrees
with and exceeds the OS previously reported by our group
(that included a part of the present study population) [9].
The 55% OS rate also compares favourably to other studies
that generally have indicated 5-year OS rates of less than
40% for SNMM [7, 10-14]. As discussed in our earlier
publication [9], the differences might reflect our frequent
utilization of neoadjuvant hyper-fractionated RT with con-
comitant chemotherapy or adjuvant RT following surgery
for stage IVA SNMM. In agreement, recent systematic
meta-analyses indicates that adjuvant RT prolongs survival
for patients with SNMM [15, 16], while others suggest
adjuvant RT does not prolong survival yet increases local
control [17]. From the limited number of 17 patients with
stage IVA SNMM in this study, the only significant differ-
ence that emerged in the context of neoadjuvant/adjuvant
measures was that patients subjected to RT+CT (n=12)
had a longer OS (mean 81.9 +13.2, median 71 months)
than those who only received RT (n=35) in addition to the
surgery (mean 22.5+2.9, median 21 months) (p =0.046).
According to multivariable regression analysis, treatment
with RT +CT vs. RT remained as a significant independent
prognostic factor for survival reducing the risk of death for
stage IVA patients (HR 0.16 [95% CI 0.029-0.924]) after
adjusting for age, and neoadjuvant or adjuvant treatment
regimens (p =0.040). Taken together, our observations sug-
gest the possibility that patients with advanced SNMM may
benefit from concomitant RT + CT before surgery, but of
course RCTs focusing on adjuvant therapies are warranted.

Despite recent therapeutic advances, the prognosis for
SNUC remains poor [18]. One of our observations was a
seemingly good outcome for patients with SNUC with res-
ervation for the small subset of eight patients. The median
OS was 42 months compared to 33 months reported by
Robin et al. [2]. Multimodal therapy is a well-established
approach for treating SNUC [19]. For example, in a cohort
of 95 patients with SNUC who received induction chemo-
therapy ahead of definitive therapy, 5-year DSS was 59%
[19]. The 5-year DSS of 58% was similar in our cohort of
SNUC-patients subjected to treatment with curative intent.
However, only two patients received concomitant RT + CT
and the other six RT (combined with surgery in two cases).
This outcome corroborates findings by Lehrich et al., in a
study involving 440 patients, indicating that induction chem-
otherapy may not provide survival benefits in SNUC patients
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[20]. As for many other subsets of SNM, further studies
are warranted also for SNUC. Arguably, such may involve
selecting patients for definitive treatment based on response
to chemotherapy (a.k.a. chemoselection), as suggested by
Amit et al. [19], or based on overall immune phenotype, as
suggested for other malignancies [21]. Another conspicuous
finding in our study was the long survival for patients with
adenocarcinoma (n=23). The median OS was 18 months
longer than presented by Robin et al. [2]. We report DSS-
rates of 89% and 83% as well as OS-rates of 77% and 49%
after 5 and 10 years, respectively. These rates can be com-
pared to a Norwegian cohort (n=20) with DSS-rates of 73%
and 58% and OS-rates of 68% and 54% after 5 and 10 years,
respectively [22]. Again, RCTs are warranted stratified per
histology, site and stage.

Despite that ENB was described already in 1924, and
given the rarity of the malignancy (3-6% of all SNM), no
consensus has been reached regarding staging and optimal
treatment strategy [23]. The most widely accepted, yet unof-
ficial, classification for ENB was proposed by Kadish et al.
in 1976 [24]. However, other proposed staging systems
include the conventional TNM staging by the UICC as well
as a modified version of the TNM classification proposed by
Dulguerov in 1992 [23, 25]. We chose to use the UICC TNM
system to better be able to compare the outcome for ENB
with other histopathologies. We observed an apparent high
survival for ENB. Both the DSS and OS rates were 100% at
5 years and 79.5% at 10 years. In comparison, Jethanamest
et al. presented much lower OS rates (62.1% at 5 years and
45.6% at 10 years) in a cohort of 311 ENB patients despite
that the mean age was lower than in our cohort (mean age
54 cf. 63 years) [26]. Moreover, in another cohort of 26 ENB
patients, 74% were alive at 5 years and 60% at 10 years [25].
The apparent better outcome in our cohort may be a coinci-
dence due to comparatively few patients. Another explana-
tion may be that all ENB patients, except one who declined
surgery, received multimodality therapy with surgery and
adjuvant RT +CT.

Stage IVB disease infers a dismal prognosis and stage
IVB patients are often subjected to aggressive treatment.
Therefore, conscientious considerations of treatment seque-
lae and survival probability are essential. In our cohort, 26%
were diagnosed with stage IVB disease. More than half of
these patients were treated with curative intent that included
RT in all cases and surgery in almost half. A tumor not con-
sidered resectable significantly increased the risk for DSM.
Accordingly, this meant a treatment regimen that did not
include surgery. A couple considerations may be made in
this context. First, there are histopathological subsets of
stage IVB disease where surgery seems to be futile, e.g.,
SNMM. Second, there may be other subsets, e.g., ENB,
salivary carcinoma, and adenocarcinoma, where a gain by
surgery if combined with adjuvant therapy may well offset



European Archives of Oto-Rhino-Laryngology (2022) 279:2611-2622

2621

any morbidity. Indeed, the 5-year DSS was 100% for stage
IVB patients who received adjuvant RT + CT c¢f. 43% after
definitive RT + CT and 40% after neoadjuvant RT +CT,
suggesting a benefit of multimodality treatment regime of
surgery with adjuvant RT + CT. This was confirmed through
the multivariable regression analysis, implying that adju-
vant RT + CT significantly reduced the risk for DSM (cf.
definitive and neoadjuvant RT + CT). However, except for
resectabilty, no other factors, such as age, gender, site, stage,
histopathology, or chemotherapy affected risk for DSM. In
this study, 19% of the surgical procedures were endoscopic
and the remainder open. In part this may reflect a devel-
opment over time, with open surgery being standard and
endoscopic surgery becoming more common, but sometimes
also a deliberate strategy to avoid any piecemeal resection
of the tumour. However, the numbers in this study are too
low to allow for a comparison between endoscopic and open
approaches stratified per histology, site, and stage. To the
best of our understanding, there are no RCTs comparing
aspects of survival between two surgical approaches for
SNM, but such studies are warranted.

In conclusion, our results indicate a seemingly good
outcome for SNM patients compared to previous reports,
particularly for SNMM, adenocarcinoma, and SNUC. The
strength is that the study is population-based and involves
consecutive patients assessed and treated at a single ter-
tiary academic referral centre. On the other hand, a weak-
ness is that the material is not stratified for histological
margin status. However, such an analysis is very difficult
to perform retrospectively, since the question of micro-
scopic radicality and tumour margins frequently involves
a close discussion between the pathologist and the surgeon
even for en bloc resections. Nevertheless, our observations
emphasize the importance of histopathology as a risk factor
for SNM and indicate a need for multi-centre RCTs strati-
fied per histopathology and possibly involving multimodal-
ity strategies.
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