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Abstract 

INTRODUCTION  

Olfactory neuroblastoma (ONB) is a rare cancer of the sinonasal region. We provide a 

comprehensive analysis of this malignancy with molecular and clinical trial data on a 

subset of our cohort to report on the potential efficacy of SSTR2-targeting imaging and 

therapy. 

METHODS 

We conducted a retrospective analysis of 404 primary, locally recurrent, and metastatic 

ONB patients from twelve institutions in the US, UK and Europe. Clinicopathological 

characteristics and treatment approach were evaluated. SSTR2 expression, SSTR2-

targeted imaging and the efficacy of peptide receptor radionuclide therapy (177Lu-

dotatate) were reported in a subset of our cohort (LUTHREE trial; NCT03454763).  

RESULTS 

Dural infiltration at presentation was a significant predictor of OS and DFS in primary 

cases (n=278). Kadish-Morita staging and Dulguerov T-stage both had limitations 

regarding their prognostic value. Multivariable survival analysis demonstrated improved 

outcomes with lower stage and receipt of adjuvant radiotherapy. Prophylactic neck 

irradiation significantly reduces the rate of nodal recurrence. 82.4% of the cohort were 

positive for SSTR2; treatment of three metastatic cases with SSTR2-targeted PRRT in 

the LUTHREE trial was well-tolerated and resulted in stable disease.  
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CONCLUSIONS 

This study presents pertinent clinical data from the largest dataset, to date, on ONB. We 

identify key prognostic markers and integrate these into an updated staging system, 

highlight the importance of adjuvant radiotherapy across all disease stages, the utility of 

prophylactic neck irradiation and the potential efficacy of targeting SSTR2 to manage 

disease.  

(250 words) 
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Introduction 

 Olfactory neuroblastoma (ONB) is a rare sinonasal malignancy with an incidence 

of 0.4 per one million, accounting for approximately 6% of sinonasal malignancies.1,2 5-

year survival is stage-dependent with exceptionally high survival for early stage disease; 

however, survival declines substantially with increasing stage as treatment modalities 

become less effective.3 

 In view of the fact that this is such a rare disease, most analyses have been limited 

by sample size and have only been possible through the analysis of cancer databases, 

such as the Surveillance Epidemiology and End Results (SEER) and National Cancer 

databases, or through meta-analyses. These include the recent investigation of age-

related outcomes by Yin et al, the role of chemotherapy in ONB by Cranmer et al, a 

comparison of staging systems by Joshi et al, an evaluation of the Hyams grading system 

by Goshtabi et al. as well as an investigation of differences in outcome between the 

endoscopic and open surgical approaches.4–9 

 Historically, the most commonly used prognosticator is the Kadish staging 

system.10 This staging system is based on the analysis of 17 patients and was published 

in 1976. This was later re-evaluated by Morita et al. who performed a retrospective 

analysis on 49 patients treated at the Mayo Clinic between 1951 and 1990.11 A new 

staging system was proposed by Dulguerov et al. in 1992 and a modified version of this 

is commonly used.12,13 While the Dulguerov system has been shown to be superior to the 

Kadish-Morita system in a recent individual patient data (IPD) meta-analysis of publicly 

available data, a recent analysis of the National Cancer Database determined that, in 
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general, current clinical staging systems do not adequately predict survival over ten years 

(Supplemental Table 1).14,15  

 The only grading system based on histologic maturation and differentiation was 

developed by Hyams and has been shown to be of prognostic value, particularly in 

complementing current staging systems.16,17 Across four reports, it has been noted that 

Hyams score allows for the identification of aggressive locoregional disease and 

subsequent prediction of poor DFS, and may enable stratification for adjuvant therapy.18–

21 Previously, Kane et al demonstrated the independent prognostic utility of Hyams 

grading; the ability to predict metastasis and overall survival was further confirmed in a 

recent meta-analysis.6 

 Here we assess prognostic factors and disease staging, and also investigate the 

role of novel biomarkers and targets for therapies. Somatostatin receptors (SSTRs) are 

G protein-coupled cell surface receptors expressed on various normal tissue as well as 

in several human malignancies, the most notable being neuroendocrine tumours (NETs). 

SSTR expression has been previously reported in ONB; as early as 1996, 111ln-Octreotate 

PET/CT has been used for the detection of recurrent or metastatic disease, albeit not 

routinely.22 More recently, the use of 68Ga-DOTATE PET/CT was found to be superior to 

18F-FDG PET/CT for the detection of tumours in areas with high background noise.23 

Nevertheless, SSTR-based imaging has yet to enter routine clinical care.   

 SSTR-targeting therapies have also proven to be efficacious in the treatment of 

NETs. These include peptide-receptor radionuclide therapies (PRRT) as well as the use 

of somatostatin analogues (SSA). Whether this can be extended to ONB remains poorly 

described and no clinical trials have been published to date. Indeed, current molecular 
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understanding of SSTR expression in ONB is extremely limited. A recent study conducted 

by Czapiewski et al demonstrated a high prevalence of SSTR2 expression in a cohort of 

40 ONBs, which was not seen in the comparative sinonasal carcinoma nor sinonasal 

small round blue cell neoplasm cohorts.24 

 Importantly, advances in the diagnosis, treatment and prognosis of ONB remain 

extremely challenging due to the paucity of large-scale studies as a result of the rarity of 

this malignancy. Few studies are sufficiently powered to assess clinically meaningful 

results. Here, we present data from a large, multi-center and international ONB cohort, 

comprehensively assessing the role of SSTR2 in this malignancy and describe the use of 

SSTR2 targeted radionuclide therapy in a subgroup of patients with metastatic disease 

from a clinical trial. To the best of our knowledge, this is the largest cohort of ONBs 

investigated to date and provides updated evidence for the use of SSTR2 targeted 

radionuclide therapy in metastatic ONB.  

 

Materials and Methods  

Patients 

 De-identified data on 404 ONB patients was obtained from 5 US institutions (The 

University of Texas MD Anderson Cancer Center, USA; Johns Hopkins University School 

of Medicine, USA; Stanford University School of Medicine, USA; Emory University, USA; 

Yale University School of Medicine, USA) and 7 European institutions (University College 

London/University College London Hospital, UK; Beaumont Hospital, Ireland; University 

of Insubria, Italy; Universita degli Studi di Brescia, Italy; Ludwig-Maximilians University, 

Germany; King’s College/Guy’s Hospital, UK; Instituto de Investigacion Sanitaria del 
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Principado de Asturias, Spain). Inclusion criteria required confirmed histopathological 

diagnosis of ONB with histological characterization and sample/cohort selection 

performed by head and neck pathologists experienced in the evaluation of ONB. Clinical 

data were obtained retrospectively and reviewed by the lead team. Data collected include 

patient demographics, tumour status at presentation (i.e. expression of 

immunohistochemical markers including SSTR2, clinical stage and grade), treatment 

details and survival outcome. IRB approval was obtained from all institutions with further 

approval for multi-center data analysis from University College London IRB/Research 

Ethics Committee (UCL REC no. 9609/002; ML/VJL).  

 

Diagnosis and Treatment of ONB 

 The date of diagnosis was defined as the date of tissue extraction for histological 

determination of the diagnosis. Patients were treated per their respective institution’s 

standard-of-care and all institutions involved are tertiary level centers of excellence with 

longstanding experience in the diagnosis and management of this disease. In general, 

surgical resection with curative intent was conducted in the first instance, with or without 

adjuvant chemoradio- or radiotherapy. Surgery was conducted with either an endoscopic, 

open or combined approach.  

 

Immunohistochemical analysis of expression of SSTR2 

 Immunohistochemistry was performed in different institutions, all using a 

standardized Ventana automated staining protocol, shared by the lead team. The rabbit 

monoclonal antibody UMB1 (Abcam, Cambridge, UK) was used to detect SSTR2. The 
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slides were evaluated under the guidance of head and neck pathologists. The evaluators 

of the immunohistochemical stains were blinded to the clinical outcomes (Figure 1). The 

slides were dichotomously scored as being positive or negative, based on the extent of 

staining and intensity. The extent was scored on a continuous scale from 0%-100%. The 

intensity was scored as 3 categories (1: weak staining not easily seen via the low power 

objective; 2: moderate staining still seen on a low power objective; 3: strong staining easily 

visible via a low power objective), as per M. Lechner et al..25 

 

SSTR2-based PET Imaging and Peptide-Receptor Radionuclide Therapy 

 A subgroup of our patients with recurrent disease unsuitable for further surgery 

and/or radiation were recruited prospectively under the LUTHREE randomized phase II 

comparative study of 177 Lu-DOTATATE PRRT in SSTR2-positive tumours 

(clinicaltrials.gov: NCT03454763) and treated every 5 and 8-10 weeks. Informed consent 

was obtained from all patients and ethical approval was obtained (EudraCT number: 

2015-004727-31). Recruitment and treatment took place at the ISRT (Istituto Scientifico 

Romagnolo per lo Studio e la curadei Tumori, Meldola, FC, Italy). 450 patients diagnosed 

with SSTR2-positive neuroendocrine tumours have been recruited to this trial in total and 

our subset of patients with olfactory neuroblastoma was enrolled prospectively. A 

diagnostic OctreoScan and 68Ga-DOTA-peptide PET imaging were performed for each 

patient. Only patients with a tumour uptake scores of grade 2 or 3 were considered for 

therapy (the Tumour Uptake score is based on planar scinitigrams obtained 24-hours 

post-administration of imaging and is composed of a 3-grade scale, where 1 = liver 

uptake, 2 > liver uptake and < kidney uptake and 3 > kidney uptake). In every 
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experimental arm, patients received 5 cycles of 177lu-DOTATATE PRRT at 5.5 or 3.7 GBq 

dose. Lower dosages were administered in cases of kidney or bone marrow risk factors. 

68Ga-DOTATOC PET and MRI imaging were performed at baseline, after the third 

therapeutic cycle and every three months after therapy for the first two years, then every 

six months thereafter. Response to treatment was determined through follow-up imaging 

per RECIST 1.1 criteria. 

 

Statistical analysis 

 The primary aim of this study was to investigate prognostic factors of ONB patients 

in terms of disease-free (DFS) and overall survival (OS), calculated from the date of 

diagnosis and censored at the date the patient was last known to be alive if no event had 

occurred. DSF and OS are described using the Kaplan-Meier method and log rank tests. 

Univariable and multivariable Cox regression analyses were used to derive hazard ratios, 

95% confidence and corresponding p-values, both unadjusted and after accounting for 

other factors. Associations with the following factors were explored: age, sex, tumor 

grade, stage, extent of disease at presentation including bony skull base involvement, 

dural infiltration, orbital and intracranial involvement, and treatment approach. The data 

analysis was generated using IBM SPSS Statistics for Windows version 27.0 (IBM Corp., 

Armonk, NY, USA). 

 A nested log-likelihood ratio test was conducted between the univariate cox 

regression model with Kadish-INSICA stage and the bivariate model with both Kadish-

INSICA stage and Hyams grade (dichotomized into 1/2 vs. 3/4). The cox regression was 
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implemented with survival R package (V3.2, R version 4.0) and a chi-squared test for the 

log-likelihood ratio of the two models was conducted.   

 To further investigate if including Hyams grade can improve the Kadish-INSCIA 

system, a Boolean logic random forest model was also implemented. The details of the 

procedure:  

• Data splitting and binarizing: There are 177 samples in total which have the 

survival/grade/stage information (28 events and 149 censoring) available. The 

training set contains 125 samples (20 events and 105 censoring). The test set 

contains 52 samples (8 events and 44 censoring). And the training set was split 

into 5-fold. For each fold, there are 4 events and 21 censoring. Each of the Kadish-

INSICA stage and Hyams grade was binarized. So, there are KI1(0,1), KI2(0,1), 

KI3(0,1), KI4(0,1), H1(0,1), H2(0,1), H3(0,1), H4(0,1) for Boolean logic tree. 

• Cross-validation to determine the optimal number of trees (nt): For each nt 

=(1,2,3,4,5), 5-fold cross validation with 100 trees generated for each fold were 

implemented. The final predicted score was defined as the average predicted 

score from 100 runs for each sample. Then for all the samples the score was 

correlated with survival function. It indicates nt=2 is the best parameter, although 

not significant. 

• Testing: (nl=number of leaves) 500 models with (nt=2, nl=4) generated during 

cross validation step were used to predict the scores with the testing set(n=52), 

and did cox regression to test the correlation between survival function and the 

predicted scores. 
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The Boolean logic random forest model was implemented with LogicReg R package 

(V1.6.4, R version 4.0).  

 

Results 

Clinical characteristics and presentation of patients with olfactory neuroblastoma   

 404 cases of histologically confirmed ONB from 12 institutions in the United States 

and Europe were analyzed (Figure 1A and 1B, Supplemental Table 2). 54.1% of patients 

were male and 70.4% presented with primary disease (Supplemental Figure 1A). 18.0% 

and 8.9% presented with recurrent or persistent disease, respectively; 30.6% of patients 

had received prior treatment. The mean age at diagnosis for primary cases was 50.9 

(range 2-91) years and, contrary to previous reports, we did not observe a bimodal age 

distribution, rather a single peak was observed (Supplemental Figure 1B). Clinical 

characteristics and outcome were similar between pediatric (< 18 years) and adult cases 

(Supplemental Figure 1C). For patients who had not received prior treatment, typical 

symptoms at presentation were nasal obstruction, epistaxis, anosmia, rhinorrhea, 

headache, epiphora and diplopia; these were present in 67.5%, 41.4%, 24.3%, 22.9%, 

15.7%, 7.7% and 2.6% of patients, respectively (Figure 1C).  

 

Clinical predictors of outcome in primary cases  

 Five-year and ten-year disease-free survival (DFS) were 67.6% (95% CI: 60.7 – 

73.6%) and 51.9% (95% CI: 43.8 – 59.4%), and overall survival (OS) 82.3% (95% CI: 

76.3% – 86.9%) and 70.2% (95% CI: 62.3% - 76.8%), respectively (Figure 1D). The main 

prognostic parameters routinely used in clinic are Hyams grade, Kadish-Morita stage and 
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Dulguerov T-stage; presented in Figures 3A, 3B and 3C, respectively. There was 

evidence that all systems were prognostic to some extent, but with notable limitations. 

For example, Kadish-Morita staging only identified a small proportion of patients in groups 

A and D, and outcomes in groups A and B were not well separated. Similarly, substantial 

overlap was observed across Dulgueorv T1-3 stage groups. Better performance for all 

systems was observed when dichotomized: Hyams grades 1 and 2 vs. 3 and 4, Dulguerov 

T-stage T1-3 versus T4 as well as for Kadish A and B versus C and D (Supplemental 

Figures 3A-C). 

 Univariable Cox regression analysis showed strong evidence of an association 

between the presence of dural infiltration, bony skull base involvement, orbital 

involvement, and intracranial involvement, as well as Kadish-Morita stage with overall and 

disease-free survival (Figure 2). With this, we sought to determine whether any of the 

aforementioned factors could improve the prognostic utility of Kadish-Morita stage. This 

was done in light of advances in treatment, which will greatly benefit from improved patient 

stratification and subsequent treatment allocation. 

 Based on the finding that the Kadish A and B groups are prognostically similar and 

the separation observed with dichotomized Kadish, these groups were combined for 

subsequent investigations toward a modified staging system. We hypothesized that 

further prognostic information could be achieved by further stratifying the largest Kadish 

C group based on either of orbital involvement, intracranial involvement or dural infiltration 

at presentation based on the prognostic significance observed with these factors. Bony 

skull base involvement was not explored as the vast majority (105/113, 92.9%) of Kadish 

C patients presented with it (Supplemental Figure 5A).  
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 Kaplan-Meier survival analysis on Kadish stage was conducted with further 

stratification of the Kadish C group by presence of each of dural infiltration (Figure 3D), 

intracranial and orbital involvement (Supplemental Figures 3A and 3B). Each of these 

modified Kadish systems showed improved performance. Dural infiltration appeared to 

best delineate the Kadish C group. Further explorations of combined dural infiltration and 

orbital involvement were performed, however this did not provide additional prognostic 

information (Supplemental Figures 3C and 3D).  

 Patients, who presented with Kadish D disease, i.e. with neck and/or distant 

metastases, had the poorest prognoses. Distant metastasis, in particular, substantially 

shortens survival. Whilst there were only 3 patients with distant metastases, its significant 

detrimental effect on survival is evident (Supplemental Figure 3E). Therefore, an 

additional analysis of the above modified staging system with the inclusion of dural 

infiltration was conducted with further subdivision of Kadish D by neck or distant 

metastases (Supplemental Figure 3F). This system also demonstrated statistical 

significance.  

 Lastly, to further refine our novel prognosticator, we sought to take into account 

Hyams grade due to the clinical utility observed when the system was dichotomised. 

However, no further improvements were observed in a multivariable model, including the 

revised Kadish staging system, mentioned above, and Hyams grade. To determine if the 

Kadish-INSICA model can be improved further, we ran a Boolean Logic Regression 

Random Forest Model (BLRRF) including Hyams grading in addition to the staging as 

specified by Kadish-INSICA. Although the BLRRF model could predict outcome in the 

blinded test set (HR = 2.19 (1.15-4.17) Wald test P=0.02), it did not outperform the simpler 
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model based on Kadish-INSICA (HR = 3.31 (1.49-7.36) Wald test P=0.003), suggesting 

that further improvements to Kadish-INSICA will require either other clinical covariates or 

further increase in sample size. 

 

Management of ONB 

 Induction chemotherapy was conducted in 30/213 (14.1%) of primary cases and, 

generally, for patients with late-stage disease (1/19, Kadish A, 4/54 Kadish B, 13/112 

Kadish C, 10/21 Kadish D; data missing for two patients). Furthermore, more patients 

presenting with dural infiltration received induction chemotherapy, compared to those 

without dural infiltration (16/77, 20.8% vs. 8/84, 9.5%, p = 0.050) (Supplemental Figure 

4B).  

 Regarding surgical modalities used in primary treatments, 120/238 (50.4%) 

patients underwent endoscopic resection, while 85/238 (35.7%) and 15 (6.3%) underwent 

open or combined resection, respectively. Adjuvant radiotherapy was typically given 

(211/244, 86.5%), with or without chemotherapy (65/211, 30.8% and 146/211, 69.2%, 

respectively).  For those who received adjuvant radiotherapy, roughly one-quarter also 

underwent prophylactic neck irradiation (36/130, 27.7%). Of these, 36.1% received 

irradiation unilaterally, 50.0% bilaterally, with the remainder unspecified.  Adjuvant 

chemotherapy was rarely given alone, in only two cases for the present cohort 

(Supplemental Table 3). 

 Less than one-third of patients (64/222, 28.8%) presenting with primary disease 

experienced disease recurrence. Of the sixty-four recurrences, 29 (45.3%) occurred 

locally, 16 (25.0%) in cervical lymph nodes, 8 (12.5%) occurred intracranially, 3(4.7%) in 
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the parotid, 2 (3.1%) locoregionally and 6 (9.4%) were distant recurrences (Supplemental 

Table 3). The vast majority of patients, who did relapse, did so within the initial ten years 

post-treatment of the primary (56/63, 88.9%), but late recurrence still occurred in some 

patients. 

 

Surgical approach and outcome 

 Exploring the associations between surgical approach and outcomes, worse 

outcome were observed for those who underwent a combined/open approach compared 

to an endoscopic approach (DFS HR=1.81, 95%CI: 1.15-2.86, p=0.009; OS HR=2.78, 

95%CI: 1.41-5.47, p=0.002). However, this effect was smaller after adjusting for Kadish 

stage and receipt of adjuvant radiotherapy (DFS HR=1.43, 95%CI: 0.89-2.31, p=0.269; 

OS HR=2.08, 95%CI: 1.01-4.28, p=0.072) (Figure 2). Indeed, it is important to note 

several potential confounders. Firstly, the majority of patients with Kadish A+B disease 

underwent endoscopic surgery compared to only half of those with Kadish C+D disease 

(52/72, 72.2% vs. 64/127, 50.4%, p=003). In addition, patients who presented with dural 

infiltration were more likely to undergo open/combined resection, compared to those who 

did not (39/83, 47.0% vs. 24/87, 27.6%, p = 0.011). Similarly, those with bony skull base 

involvement were more likely to undergo an open/combined approach, compared to those 

without (61/136, 44.9% vs. 12/51, 23.5%, p = 0.011). 

 Due to the heterogenous clinical presentation of Kadish C cases, we sought to 

further understand the role of surgical approach on survival in a subgroup analysis of 

these cases. Through a Kaplan-Meier survival analysis, endoscopic surgery appeared to 

be superior to the open/combined approach (Supplemental Figure 4C).  
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Adjuvant treatment and outcome 

 Adjuvant radiotherapy was associated with superior outcomes (DFS HR=0.47, 

95% CI: 0.26-0.79, p=0.007; OS HR=0.49, 95% CI: 0.25-0.95, p=0.050). This strong 

association remained, and the observed effect was larger, after adjusting for Kadish stage 

and surgical modality (DFS HR=0.27, 95% CI: 0.13-0.47, p<0.001; OS HR=0.27, 95% CI: 

0.16-0.54, p<0.001) (Figure 2, Figures 4A and 4B). Furthermore, there was evidence that 

adjuvant radiotherapy was similarly beneficial for those with earlier stage disease 

(subgroup analyses of Kadish A and B patients), for which complete surgical resection is 

typically achieved (DFS HR=0.30, 95% CI: 0.10-0.88, p=0.029; OS HR=0.26, 95% CI: 

0.06-1.21, p=0.085), and remained adjusting for Kadish stage and surgical approach (OS 

HR = 0.17, 95% CI: 0.03-1.00) (Figures 4C and 4D).  

 Prophylactic neck irradiation appears to play a major role with regard to risk of 

recurrence within the initial ten years post-diagnosis, particularly regarding recurrences 

at the cervical lymph nodes. Kaplan-Meier event-free survival analysis was conducted on 

Kadish A-C patients, considering the first ten years following initial diagnosis, where the 

event-of-interest was recurrence at the cervical lymph nodes. Only patients who received 

adjuvant radiotherapy to the primary and did not receive prophylactic neck irradiation 

recurred at the cervical lymph nodes (11/65, 16.9% vs. 0/26, 0.0% of patients who 

received both, p = 0.036) (Figure 4E). Nine of the eleven cases of lymph node recurrences 

(81.8%) occurred in patients who presented with Kadish C disease. The single recurrence 

in the neck nodes in our entire cohort occurred in a patient thirteen years after initial 

diagnosis of the primary. 
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 Comparing those who received adjuvant radiotherapy to the primary only versus 

those who additionally received prophylactic neck irradiation, a greater proportion of 

patients recurred at ten years or earlier, at any site, in the former (26/89, 29.2% vs. 5/33, 

15.2%, p=0.160). However, this difference is not statistically significant. Lastly, 

prophylactic neck irradiation does not appear to impact overall or disease-free survival 

(Supplemental Figures 5A and 5B). 

 Lastly, there was no strong evidence of a benefit with adjuvant chemotherapy 

across all patients, who had not received prior treatment (DFS HR=1.40, 95% CI: 0.91-

2.17, p=0.135; OS HR = 1.07, 95% CI: 0.58-1.96, p=0.839) (Figure 3A). When comparing 

adjuvant chemoradiotherapy to radiotherapy alone, no significant difference in overall 

survival was observed; there was weak evidence that chemoradiotherapy appeared to 

confer worse disease-free survival than radiotherapy alone, but this is likely confounded 

by disease stage/grade (Supplemental Figure 5C and 5D).  

 

Clinical characteristics and outcome of recurrent cases at presentation 

 For patients who presented at the participating institution with recurrent disease 

(n=52, considering first recurrences only), 5-year overall survival was 89.4% (95% CI: 

76.3%-95.5%) (Supplementary Figure 5E). However, disease-free survival was 44.2% 

(95% CI: 29.7%-57.7%) (Supplementary Figure 5F). The majority of patients experienced 

a second relapse (40/44, 90.9%) with 21/44 (47.7%) recurring locally, and a median time 

to second relapse of 63.5 months. This reiterates the fact that these patients need to be 

followed-up life-long.  

 

Clinical Translation of SSTR2 Upregulation 
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 82.4% of the one hundred forty-two primary tumours, for which staining was 

available, expressed SSTR2 by immunohistochemical assessment (Supplemental Figure 

6).  However, there was no evidence of an association between SSTR2 expression and 

survival (Supplemental Figure 7). Furthermore, SSTR2 positive and negative cases were 

clinically similar with regards to stage, grade and extent of disease at presentation 

(Supplemental Table 4) Representative images of SSTR2 expression in recurrent and 

metastatic disease are demonstrated in Figure 5A. 

 From our cohort, three patients with histologically confirmed ONB were enrolled in 

the LUTHREE trial (NCT03454763) (Figures 5B-D). Protein expression of SSTR2 and 

68Ga-DOTA-peptide imaging demonstrate the utility of SSTR2-based imaging in the 

diagnosis and monitoring of disease. All clinical trial data on olfactory neuroblastoma are 

included in this manuscript and no more patients with olfactory neuroblastoma were 

enrolled. Hence, the data on olfactory neuroblastoma is reported here. 

 In these three cases, 177lu-DOTATATE PRRT was used for metastatic or persistent 

disease, after all other treatment options had been exhausted and surgery was not 

deemed an option. PRRT was well-tolerated with two cases of grade 1 neutrophils, which 

were self-limiting and did not interfere with the normal prosecution of therapy performed 

according to the trial protocol. For all three cases, PRRT stopped disease progression in 

the first instance. Two patients experienced relapse, 12 and 62 months after initial PRRT. 

Of these, treatment for one is ongoing while the second has since completed re-PRRT 

and has stable disease. All patients are currently alive with disease.  

 

Discussion 
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 This study considers the largest collection of ONB tumours and associated clinical 

data reported to date. The multi-center and international design of the study improves the 

generalizability of the following findings.  

 

Establishment of the Kadish-INSICA (The International Network for Sinonasal Cancers 

and Skull Base Tumours; www.insica.org) Staging System  

 In our analysis, the Kadish-Morita staging system appeared to be superior to the 

alternative Dulguerov T-stage system. Indeed, better delineation between stage groups 

was observed in the former, in comparison with the substantial overlap between 

Dulguerov T1, T2 and T3. However, Kadish A and B appeared to have similar outcomes. 

In their analysis of the SEER database, Joshi et al did not observe a statistically significant 

difference between Kadish A and B.5 Therefore, we combined these two stage groups 

since separating them does not appear to provide significant prognostic information. 

 Dural infiltration/invasion was found to be a significant prognostic indicator in our 

cohort, which confirms early findings in craniofacial surgery and expands on recent 

work.31–34 In a recent report, Marinelli et al further demonstrated a significant relationship 

between dural infiltration and neck metastases where patients with dural infiltration more 

frequently presented with or developed neck disease following treatment, with an 

observed survival difference between Kadish C patients with or without dural infiltration.  

 Taking this into account, we sought to devise a modified Kadish staging system, 

combining the A and B groups and separating the C group into those with and without 

dural infiltration. We further explored subdividing the Kadish D group into those with neck 

metastases only and those with distant metastases. Strikingly, Kadish D cases with 
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distant metastases did significantly worse than those with positive neck nodes only. 

However, in view of the fact that very few patients present with Kadish D with distant 

metastases, we did not feel that a further separation of the Kadish D group would be 

appropriate and conferred to the original Kadish staging system for this group. However, 

it is clear that Kadish D with distant metastasis indicates very poor prognosis and 

treatments need to be allocated accordingly.  

 Importantly, the initial Kadish staging system was created based on a relatively 

small cohort of cases (n = 17) and has recently been shown to be an inadequate 

prognosticator of ten-year survival (discussed above). With the excellent outcome 

observed with modern endoscopic surgery, the efficacy of adjuvant radiotherapy, and the 

potential role of targeted therapy for metastatic disease, an update to current staging 

systems is much needed. Based on our findings, we propose an updated system, the 

Kadish-INSICA Staging System, which consolidates the Kadish A and B groups and 

further stratifies the Kadish C group into those with or without dural infiltration. We have 

shown that this system better predicts survival and provides a framework for the 

establishment of updated management guidelines (Figure 6). Moreover, to further refine 

our novel prognosticator, we ran a Boolean Logic Regression Random Forest Model 

(BLRRF) including Hyams grading in addition to the staging as specified by Kadish-

INSICA. The BLRRF model did not outperform the simpler model based on Kadish-

INSICA (HR = 3.31 (1.49-7.36) Wald test P=0.003), suggesting that further improvements 

to Kadish-INSICA will require either other clinical covariates or a further increase in 

sample size. 
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Endoscopic surgery and adjuvant radiotherapy confer excellent outcomes with reduced 

nodal recurrence after prophylactic neck irradiation; perioperative chemotherapy may be 

helpful 

 Endoscopic surgery has emerged as a standard-of-care with comparable outcome 

to an open approach and the potential for reduced perioperative complications and 

improved long-term quality of life.9,35–38 While previous reports have demonstrated 

comparable or even superior outcomes with an endoscopic approach, it is important to 

note that stage of disease was generally not adequately taken into account. As 

demonstrated by our data and others, early stage is more commonly treated with an 

endoscopic approach. In light of this, it was not unexpected to observe a smaller effect of 

surgical approach on survival after adjusting for Kadish stage. Altogether, the question of 

undertaking the appropriate surgical approach, ultimately, appears to be one of the extent 

of disease, risk of perioperative complications as well as overall patient quality of life, due 

to the significant morbidity associated with open surgical resection.  

 Significantly, we observed a survival benefit with adjuvant radiotherapy in the 

entire cohort. Even in cases of early-stage disease (i.e. Kadish A or B), adjuvant 

radiotherapy improved outcomes. In these cases, where complete surgical resection is 

typically achieved, the balance between eliminating residual disease through adjuvant 

treatment and consequent treatment-associated morbidities needs to be carefully 

determined. Nevertheless, as established by Lund et al and confirmed in our data, 

adjuvant radiotherapy to the tumour primary significantly reduces the risk of recurrence 

and should be considered even for early-stage disease.34 
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 With regards to the emergence of proton beam therapy (PBT) as a viable treatment 

option for ONB, this is a subject of ongoing investigation. Efficacy and safety of PBT has 

been reported retrospectively, however, no randomised, controlled clinical trials have 

been performed.39,40 In view of the improved side effect profile of PBT compared to more 

traditional forms of irradiation, this could offer a very valuable future option and further 

refine the management of ONB - if efficacy can be shown in a prospective trial. However, 

since the vast majority of the patients in the present cohort did not receive PBT, as it is 

not readily available in all regions, and due to limitations with existing studies, a 

conclusion for its adoption to standard-of-care cannot be drawn. Future studies are much 

needed.  

 Whilst prophylactic neck irradiation did not appear to significantly impact overall 

and disease-free survival, it does appear to prevent cervical lymph node recurrence in 

our cohort. Indeed, none of the patients who received neck irradiation recurred in the neck 

nodes in the initial ten years post-treatment of primary disease, compared to 12.2% of 

those who received radiotherapy to the primary tumour only. These results complement 

a recent report by Song et al, who demonstrated a significant reduction in regional 

recurrence in those with cervical lymph nodes metastasis, who underwent prophylactic 

neck irradiation.41 Importantly, several of the recurrences we observed occurred even 

after the initial ten years post-treatment of the primary. Therefore, long-term follow-up is 

imperative.  

 Lastly, the vast majority of cervical lymph node recurrences occurred in patients 

who presented with Kadish C disease; nevertheless, a handful of Kadish A and B patients 

also experienced neck recurrence. Therefore, the use of neck irradiation across early 
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stage disease may be warranted, however, further studies investigating these and other 

predictive markers of recurrence are much needed. 

 The majority of patients who received perioperative chemotherapy had later stage 

disease, so any potential benefit may be masked by the aggressiveness of their disease. 

In a recent retrospective analysis, patients who received adjuvant chemoradiotherapy 

tended to have higher Hyams grade disease, dural infiltration and positive surgical 

margins.42 Thus, the addition of chemotherapy in the adjuvant setting may be warranted 

in more advanced or for more aggressive disease, particularly as higher Hyams grade 

has been associated with increased sensitivity to systemic therapy. This was 

demonstrated in cases of ONB with distant metastasis where chemotherapy combined 

with surgery and/or radiotherapy improved survival outcomes.43 In contrast, a recent 

analysis of the Surveillance Epidemiology and End Results (SEER) database, consisting 

of over seven hundred eligible cases, found that perioperative chemotherapy treatment 

was associated with worse disease-specific (p < 0.001) and overall survival (p < 0.001). 

Nevertheless, a formal clinical trial is much needed to inform future recommendations on 

the use of chemotherapy for the management of ONB. 

 

SSTR-based imaging may guide diagnosis and treatment allocation  

 Preliminary studies on the expression of SSTR2 have been published as early as 

1996 and in 2018 Czapiewski et al. published on a series of 40 ONB cases.24 Here we 

present the largest cohort ever published with a validated grading system of SSTR2 

staining (ready for clinical application) and correlation of uptake in Dota-peptide imaging. 

Intriguingly, expression is maintained in neck and distant metastases. 
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 The use of SSTR2 imaging has become the standard of care for NETs, allowing 

for improved diagnostic sensitivity and specificity. Over the course of thirty years, this 

area has progressed toward the routine use of 68Ga labelled SSAs PET/CT. For thoracic 

and abdominal NETs, 93% sensitivity and 96% specificity of SSTR2 PET/CT has been 

observed.44 Our data indicate that the vast majority of ONBs overexpress SSTR2 and 

that this is associated with 68Ga-DOTATOC uptake, which warrant more extensive 

prospective trials on the usage of SSTR2 PET/CT for diagnosis and surveillance in this 

disease type. Preliminary studies on this have been published as early as 1996 by 

Ramsay et al., who demonstrated the clinical utility of 111In-Octreotate PET/CT in the 

detection of recurrent disease and extensive neck and chest metastases.22 More recently, 

the use of 68Ga-DOTATE PET/CT and 18F-FDG PET/CT was shown to be useful for the 

detection of tumors in areas with high background noise.23 Furthermore, due to the 

variability of FDG uptake in ONB, particularly in well differentiated tumors or those with 

low metabolic rate, the exploitation of the high expression of SSTR2 appears to be very 

useful, enabling detection of recurrent disease and metastases.45,46 

 

A potential role for PRRT in metastatic disease  

 Importantly, overexpression of SSTR2 in ONB opens the door for the 

implementation of peptide receptor radionuclide therapy (PRRT) as treatment, particularly 

in cases of aggressive relapse and persistent disease. Three patients in the present 

cohort were enrolled in the LUTHREE trial and underwent PRRT. PRRT was well-

tolerated and successfully stabilized disease. In cases where patients experienced 

progression, re-PRRT was subsequently able to stop further progression. These findings 
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align with previous case series. In a case report, Savelli et al. have demonstrated the 

feasibility of this treatment modality, demonstrating successful detection of brain lesions 

upon recurrence and treatment of a patient with PRRT.45 Schneider et al. similarly applied 

PRRT for the palliative treatment of one case of refractory ONB of high Hyams grade with 

metastases to the lymph nodes.47 Four cycles of PRRT resulted in partial response from 

all lesions and improved symptom management. More recently, another retrospective 

study similarly demonstrated feasibility of PRRT with partial response in four of seven 

patients, two had disease stabilization and one experienced disease progression.48 

Ultimately, our findings add some clinical trial evidence to further support the use of PRRT 

in otherwise untreatable cases, as we also demonstrate sustained expression in local 

recurrence and metastatic disease. 

 

Limitations  

 The main limitation of this study is its retrospective design (apart from the 

presented prospective clinical trial data on the translational findings and the molecular 

data). Therefore, statistical analyses are limited to those of an exploratory nature and 

results should be considered in this context. Furthermore, with twelve institutions 

collaborating across the US, UK and Europe, heterogeneity in the data collected as well 

as missing data were unavoidable, even though incredible effort was made to mitigate 

these.  

 

Conclusions 
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 This study presents pertinent clinical data from the largest international ONB 

cohort to date. We identify key prognostic factors and integrate these into an updated 

staging system, highlight the importance of adjuvant radiotherapy across all disease 

stages, the utility of prophylactic neck irradiation for the prevention of neck recurrence 

and the potential efficacy of targeting SSTR2 in the management of disease.  
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A

C

H&E

Figure 1: Clinical characteristics of olfactory neuroblastoma. A) Anatomical localization and representative images of histology (H&E staining), expression of common
markers (S100, chromogranin A, synaptophysin) and SSTR2, which were assessed by immunohistochemistry; B) Heatmap representation of clinical annotations; C) Bar
graph representation of common symptoms at presentation; D) Kaplan-Meier overall survival of primary cases.
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OS – Univariable OS – Multivariable DFS – Univariable DFS - Multivariable

Sex p = 0.304 NA p = 0.090 NA

Male vs. Female HR = 1.30
(95% CI: 0.78-2.17)

HR = 1.42
(95% CI: 0.94-2.13)

Dural Infiltration p = 0.004* NA p = 0.001* NA

Yes vs. No HR = 2.56
(95% CI: 1.32-4.94)

HR = 2.22
(95% CI: 1.37-3.59)

Bony Skull Base involvement p = 0.001* NA p < 0.001* NA

Yes vs. No HR = 4.01
(95% CI: 1.56-10.3)

HR = 4.17
(95% CI: 2.07-8.43)

Orbital Involvement p = 0.011* NA p = 0.001* NA

Yes vs. No HR = 2.94
(95% CI: 1.36-6.37)

HR = 3.11
(95% CI: 1.63-5.93)

Intracranial Involvement p = 0.023* NA p < 0.001* NA

Yes vs. No HR = 2.36
(95% CI: 1.10-5.06)

HR = 3.16
(95% CI: 1.71-5.85)

Hyam’s Grade p = 0.080 NA p = 0.203 NA

2 vs. 1 HR = 0.63
(95% CI: 0.29-1.33)

HR = 1.07
(95% CI: 0.55-2.08)

3 vs. 1 HR = 1.46
(95% CI: 0.65-3.31)

HR = 1.85
(95% CI: 0.89-3.85)

4 vs. 1 HR = 1.24
(95% CI: 0.47-3.30)

HR = 1.41
(95% CI: 0.58-3.42)

Dulguerov T-Stage p = 0.119 NA p < 0.001* NA

T2 vs. T1 HR = 1.03
(95% CI: 0.31-3.40)

HR = 1.48
(95% CI: 0.54-4.10)

T3 vs. T1 HR = 1.39
(95% CI: 0.42-4.60)

HR = 2.50
(95% CI: 0.92-6.79)

T4 vs. T1 HR = 3.04
(95% CI: 1.03-8.95)

HR = 5.56
(95% CI: 2.16-14.3)

Kadish-Morita Stage p < 0.001* p < 0.001* p < 0.001* p < 0.001*

B vs. A HR = 0.52
(95% CI: 0.12-2.18)

HR = 0.28
(95% CI: 0.07-1.23)

HR = 1.43
(95% CI: 0.41-5.02)

HR = 0.98
(95% CI: 0.27-3.48)

C vs. A HR = 2.69
(95% CI: 0.83-8.69)

HR = 1.62
(95% CI: 0.47-5.60)
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(95% CI: 1.51-15.3)

HR = 4.08
(95% CI: 1.25-13.4)

D vs. A HR = 3.91
(95% CI: 1.03-14.8)

HR = 2.41
(95% CI: 0.53-10.9)

HR = 7.11
(95% CI: 2.02-25.0)

HR = 7.13
(95% CI: 1.89-26.9)

Surgery Type p = 0.002* p = 0.072 p = 0.009* p = 0.269

Open/Combined vs. Endoscopic HR = 2.78
(95% CI: 1.41-5.47)

HR = 2.08
(95% CI: 1.01-4.3)

HR = 1.81
(95% CI: 1.15-2.86)

HR = 1.43
(95% CI: 0.89-2.31)

No Surgery vs. Endoscopic HR = 4.28
(95% CI: 1.49-12.3)

HR = 2.84
(95% CI: 0.87-9.27)

HR = 2.72
(95% CI: 1.24-5.97)

HR = 1.61
(95% CI: 0.68-3.8)

Adjuvant Radiotherapy p = 0.050*
HR = 0.49

(95% CI: 0.25-0.95)

p < 0.001*
HR = 0.27

(95% CI: 0.13-0.54)

p = 0.007*
HR = 0.47

(95% CI: 0.29-0.79)

p < 0.001*
HR = 0.27

(95% CI: 0.16-0.47)

Adjuvant Chemotherapy p = 0.839
HR = 1.07

(95% CI: 0.58-1.96)

NA p = 0.135
HR=1.40

(95% CI: 0.91-2.17)

NA

Figure 2. Survival outcomes of primary cases by clinicopathological characteristics and treatment approach. Univariable and
multivariable Cox regression survival analysis of clinicopathological characteristics and treatment approach.



Figure 3. Survival outcomes of primary cases by clinicopathological characteristic. A) Kaplan-Meier survival of Hyams Grade. B) Kaplan-Meier survival curve of Kadish-
Morita stage. C) Kaplan-Meier survival curve of Dulguerov T-stage. D) Kaplan-Meier survival curve of a modification of the Kadish-Morita staging, which stratifies the Kadish C
group into those who present with or without dural infiltration.

A B

C

Number at risk

Grade 1 (n = 38) 38 35 32 25 19 15 11 10 9 8 6

Grade 2 (n = 123) 123 109 95 81 72 64 60 55 50 42 38

Grade 3 (n = 43) 43 37 31 26 21 19 15 13 10 7 7

Grade 4 (n = 20) 20 15 14 14 12 12 11 10 7 6 5

Number at risk

Kadish A (n = 24) 24 23 21 18 14 11 10 9 7 6 6

Kadish B (n = 56) 56 53 50 48 42 40 36 34 31 27 24

Kadish C (n = 139) 139 124 104 88 76 64 55 52 44 36 32

Kadish D (n=22) 22 15 14 13 10 9 8 7 7 6 4

Number at risk

T1 (n = 29) 29 28 26 24 20 18 17 16 14 13 12

T2 (n = 41) 41 37 33 31 25 22 21 20 18 13 10

T3 (n = 38) 38 32 30 22 21 19 16 14 9 6 6

T4 (n = 31) 31 27 21 16 14 12 10 9 8 7 6

Number at risk

Kadish A+B (n = 80) 80 77 71 66 56 51 46 43 38 33 30

Kadish C w/o DI (n = 36) 36 30 26 20 17 14 13 13 10 7 6

Kadish C w/ DI (n = 70) 70 65 55 48 41 36 30 27 24 22 20

Kadish D (n = 22) 22 15 14 13 10 9 8 7 7 6 4

D



Figure 4. Survival outcomes of primary cases by clinicopathological characteristics and treatment approach. A)-D) Kaplan-Meier survival analyses demonstrating survival differences
between patients who receive adjuvant radiotherapy and those who do not; further analyses of early-stage patients also demonstrated. E) Number of recurrences (occurring 10 years
post-initial diagnosis of the primary or earlier) at the cervical lymph nodes, considering receipt of adjuvant radiotherapy to the primary tumor only, compared to additional
prophylactic neck irradiation. Kaplan-Meier event-free (where event is cervical lymph node recurrence) survival analysis demonstrating the difference in the incidence of cervical
lymph node recurrence between patients who receive adjuvant radiotherapy to the primary tumor only, compared to the ones who receive additional prophylactic neck irradiation.

BA

C D

Number at risk

Adjuvant RT (n = 210) 210 190 167 145 123 108 95 88 76 64 58

None (n = 32) 32 28 22 19 17 14 12 12 12 11 8

Number at risk

Adjuvant RT (n = 209) 209 179 154 130 108 95 80 72 61 49 43

None (n = 33) 33 24 17 15 14 11 9 9 9 8 7

Number at risk

Adjuvant RT (n = 62) 62 59 55 53 44 41 37 34 29 25 24

None (n = 17) 17 17 15 13 12 10 9 9 9 8 6

Number at risk

Adjuvant RT (n = 61) 61 58 54 50 41 39 34 32 27 23 21

None (n = 17) 17 16 13 12 11 9 8 8 8 7 6

No 
Adj. RT

Adj. RT to Primary 
Only

Adj. RT to Primary and Prophylactic 
Neck Irradiation 

No Recurrence at the Cervical Lymph Nodes 12 54 26

Recurrence at the Cervical Lymph Nodes 2 11 0

Total 18 65 26

Number at risk

Adj. RT to Primary and Prophylactic 
Neck Irradiation  (n = 26)

26 23 17 12 12 10 6 6 2 1 1

Adj. RT to Primary Only 
(n = 65)

65 54 44 38 29 23 15 10 7 1 0

E



Figure 5: Confirmation of SSTR2 expression in local recurrences and metastases and clinical trial on Somatostatin receptor (SSTR) 2-positive olfactory
neuroblastoma. A) Representative images of SSTR2 expression, with corresponding H&E, in local recurrence and lymph node metastasis, determined by IHC. B)-D)
Immunohistochemical characterization of tumor biopsies (SSTR2 and Chromogranin correlation of SSTR2 IHC with in vivo uptake of 68Ga-DOTATATE in PET MRI imaging
of 3 patients who were enrolled in the LUTHREE trial (NCT03454763) and underwent SSTR2-targeted peptide-radionuclide receptor therapy (PRRT). Pre-treatment
68Ga-DOTATATE PET MRI with corresponding MRI and subsequent MRI 1-year post-treatment.
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Kadish-INSICA A
Tumor confined to the nasal 
cavity and/or paranasal 
sinuses

Endoscopic surgery with adjuvant radiotherapy to the primary (+/- retropharyngeal 
lymph nodes). Potential role for prophylactic neck irradiation, however, further 
evidence is needed (consider in the context of Hyams grade). 

Kadish-INSICA B

Tumor extends beyond sinuses 
but no dural infiltration nor 
nodal/distant metastases

Endoscopic surgery with adjuvant radiotherapy to the primary (+/- retropharyngeal 
lymph nodes) and prophylactic neck irradiation. If orbital involvement and high Hyams
grade, consider induction chemotherapy (for orbital preservation) prior to surgical 
intervention; consider orbital decompression in case of acute visual loss (rare).

Kadish-INSICA C

Tumor extends beyond sinuses 
with dural infiltration but no 
nodal/distant metastases

Endoscopic/combined/open surgery with skull base reconstruction, adjuvant 
radiotherapy to the primary  (+/- retropharyngeal lymph nodes) and prophylactic neck 
irradiation. If orbital involvement and high Hyams grade, consider induction 
chemotherapy (for orbital preservation); consider orbital decompression in case of 
acute visual loss (rare). 

Kadish-INSICA D

Nodal metastases only
(Kadish-INSICA DN)

Endoscopic/combined/open surgery with adjuvant radiotherapy, with or without 
chemotherapy, to the primary  (+/- retropharyngeal lymph nodes) and prophylactic 
neck irradiation; consider neck dissection for significant neck disease or salvage neck 
dissection for recurrent neck disease.

Distant metastases present 
(Kadish-INSICA DM)

Systemic therapy with or without surgery for symptom management; assess for SSTR2 
status with future studies to determine role of SSTR-targeted imaging (e.g. 68Ga-DOTA-
peptide PET/CT) and/or SSTR2-targeted systemic therapy or radionuclide therapy

The International Network for Sinonasal Cancers and Skull Base Tumours (INSICA; www.insica.org) 
Recommendations for the Management of Olfactory Neuroblastoma

For all stages: consider proton-beam therapy as part of a trial in centers where available. Close monitoring with clinical evaluation and imaging (consider SSTR2 
status and consider close SSTR2-targeted imaging, e.g. 68Ga-DOTA-peptide PET/CT, in particular for recurrent disease, and/or therapy) and  life-long follow-up. 

Figure 6: Kadish-INSICA staging system. Definitions and proposed management guidelines. 



A) B)

C)

Supplemental Figure 1. A) Bar graph representing tumour status at presentation for all cases; B) histograms of the age distribution in all cases and in primary cases only, demonstrating a 
unimodal distribution C) Clinical characteristics of pediatric and adult cases and overall survival curve demonstrating similar outcome between the two subgroups. D) Pie chart illustrating 
distribution of cases by center. E) Bar graph presenting gender distribution for all cases. 

Age < 18 Years (n=11) Age >= 18 Years  (n=262)

p-valueN % N %
Gender 0.759
Male 5 45.5 143 54.6
Female 6 54.5 119 45.4
Hyam’s Grade 0.076
1 4 50.0 38 16.9
2 3 37.5 122 54.2
3 0 0.0 46 20.4
4 1 12.5 19 8.4
Missing 3 37
Kadish-Morita Stage 0.058
A 0 0.0 26 10.9
B 0 0.0 56 23.5
C 8 88.9 134 56.3
D 1 11.1 22 9.2
Missing 2 24
Dulguerov T-Stage 0.105
T1 0 0.0 34 23.6
T2 0 0.0 44 30.6
T3 2 50.0 36 25.0
T4 2 50.0 30 20.8
Missing 8 118
Bony Skull Base Involvement 1.000
No 2 22.2 55 27.9
Yes 7 77.8 142 72.1
Missing 3 65
Dural Infiltration 0.739
No 4 44.4 98 52.7
Yes 5 55.6 88 47.3
Missing 3 76
Intracranial Involvement 0.059
No 0 0.0 66 49.6
Yes 5 100.0 67 50.4

Missing 7 129
Orbital Involvement 0.051
No 2 40.0 109 82.0
Yes 3 60.0 24 18.0
Missing 6 129

D) E)



Supplemental Figure 2. A) – C) Bar graphs illustrating percentage of cases for each stage/grade group for each of Hyams Grade, Kadish-Morita Stage and Dulguerov T-Stage. 
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Number at risk

T1-3 (n = 108) 108 97 89 77 66 59 54 50 41 32 28

T4 ( n = 31) 31 27 21 16 14 12 10 9 8 7 6

Number at risk

Kadish A+B (n = 80) 80 77 71 66 56 51 46 43 38 33 30

Kadish C+D (n = 161) 161 139 118 101 86 73 63 59 51 42 36

A

Number at risk

Grades 1 and 2 (n = 161) 161 145 126 106 91 79 71 65 59 50 44

Grades 3 and 4 (n = 63) 63 52 45 40 33 31 26 23 17 13 12

D

Number at risk

Dural Infiltration (n = 89) 89 80 68 58 49 42 36 33 30 26 23

None (n = 99) 99 88 78 67 55 49 46 43 36 30 26

B

C

Supplemental Figure 3. A) – C) Additional Kaplan-Meier survival analyses of Dulguerov T-stage dichotomized into T1-3 vs. T4 and Kadish-Morita stage dichotomized into A+B vs. C+D, 
respectively; D) Kaplan-Meier survival analysis of dural infiltration. 



Number at risk

Kadish A+B (n = 80) 80 77 71 66 56 51 46 43 38 33 30

Kadish C w/o II (n = 23) 23 20 17 15 15 15 15 15 13 9 9

Kadish C w/ II (n = 51) 51 48 43 40 34 29 26 24 21 21 18

Kadish D (n = 22) 22 15 14 13 11 9 8 7 7 6 4

Number at risk

Kadish A+B (n = 80) 80 77 71 66 56 51 46 43 38 33 30

Kadish C w/o OI (n = 57) 57 52 48 45 39 36 34 32 27 23 22

Kadish C w/ OI (n = 19) 19 16 13 12 10 8 7 7 7 7 6

Kadish D (n = 22) 22 15 14 13 11 9 8 7 7 6 4

Number at risk

Neck Metastases (n = 19) 19 16 15 14 10 9 8 7 7 6 4

Distant Metastases (n = 3) 3 0 0 0 0 0 0 0 0 0 0

Supplemental Figure 3. Additional Kaplan Meier survival analyses of A)-B) Kadish A+B, Kadish C 
stratified into those presenting with or without orbital involvement or intracranial involvement, 
respectively, and Kadish D; C) Kadish A+B, Kadish C+D stratified into those presenting without 
either of dural infiltration or orbital involvement, those presenting with one or the other or those 
presenting with both, D) Kadish A+B, Kadish C stratified into those presenting without either of 
dural infiltration or orbital involvement, those presenting with one or the other or those 
presenting with both, and Kadish D, E) Kadish D cases presenting with either neck metastases 
only or with distant metastases; F) Kadish A+B, Kadish C stratified by presentation with or without 
dural infiltration, Kadish D stratified by neck or distant metastases. 

A) B)

E)

D)

Number at risk

Kadish A+B (n = 80) 80 77 71 66 56 51 46 43 38 33 30

Kadish C w/o DI (n = 36) 36 30 26 20 17 14 13 13 10 7 6

Kadish C w/ DI (n = 70) 70 65 55 48 41 36 30 27 24 22 20

Kadish D w/ Neck Met (n = 18) 18 15 14 13 10 9 8 7 7 6 4

Kadish D w/ Distant Met (n = 3) 3 0 0 0 0 0 0 0 0 0 0

Number at risk

Kadish A+B (n = 80) 80 77 71 66 56 51 46 43 38 33 30

Kadish C/D w/o DI/OI (n = 21) 21 18 16 16 12 11 11 11 9 7 6

Kadish C/D w/ DI or OI (n = 37) 37 34 32 30 25 23 21 19 17 16 14

Kadish C/D w/ DI and OI (n = 
24)

24 21 18 16 14 11 10 10 10 9 8

Number at risk

Kadish A+B (n = 80) 80 77 71 66 56 51 46 43 38 33 30

Kadish C w/o DI/OI (n = 17) 17 15 13 13 10 9 9 9 7 5 5

Kadish C w/ DI or OI (n = 33) 33 31 29 27 24 22 20 18 16 15 14

Kadish C w/ DI and OI (n = 18) 18 16 13 12 10 8 7 7 7 7 5

Kadish D (n = 22) 22 15 14 13 10 9 8 7 7 6 4

C)

F)



Surgical Approach

No Surgery
(n=10)

Endoscopic 
(n=56)

Open/Combined
(n=70)

Bony Skull Base Involvement
No (n=8) 12.5% 62.5% 25.0%

Yes (n=102) 4.9% 48.0% 47.1%

Dural Infiltration
No (n=36) 5.6% 52.8% 41.7%

Yes (n=69) 5.8% 50.7% 43.5%

Dural Resection
No (n=18) 5.6% 55.6% 38.9%

Yes (n=90) 0.0% 48.9% 41.1%

Intracranial Involvement
No (n=22) 0.0% 27.3% 72.7%

Yes (n=51) 9.8% 43.1% 47.1%

Orbital Involvement
No (n=56) 3.6% 35.7% 60.7%

Yes (n=19) 15.8% 42.1% 42.1%

Adjuvant Radiotherapy
No (n=13) 15.4% 30.8% 53.8%

Yes (n=121) 6.6% 43.0% 50.4%

Number at risk

No Surgery (n = 10) 10 7 6 6 4 2 2 2 2 2 2

Endoscopic Surgery (n = 54) 54 48 39 30 25 19 14 12 11 9 7

Open/Combined Surgery 
(n = 70)

70 65 56 49 44 40 36 35 29 25 23

Supplemental Figure 4. A) Prevalence of bony skull base involvement, dural infiltration, intracranial involvement and orbital involvement by Kadish stage and accompanying bar graph of overall 
prevalence for primary cases. B) Numbers of patients who received induction chemotherapy based on Kadish-Morita stage and presence of dural infiltration at presentation; C) Kaplan-Meier 
overall survival analysis of surgical approach in Kadish C cases only with corresponding table of clinical characteristics. 

A)

B)
Induction Chemotherapy

No Yes Total

Kadish-Morita 
Stage

Kadish A 18 1 19
Kadish B 50 4 54
Kadish C 99 13 112
Kadish D 11 10 21
Total 178 28 206
Kadish A+B 68 5 73 p = 0.054
Kadish C+D 110 23 133
Total 178 28 206

Dural Infiltration 

Yes 61 16 77 p = 0.050
No 76 8 84
Total 137 24 161

*Fisher’s Exact Test, 2-sided

Kadish A Kadish B Kadish C Kadish D

n % n % n % n %

Bony Skull Base Involvement

Yes 5 21.7 19 43.2 105 92.9 16 84.2

No 18 78.3 25 56.8 8 7.1 3 15.8

Dural Infiltration

Yes 0 0.0 3 9.4 71 65.7 13 72.2

No 22 100.0 29 90.6 37 34.3 5 27.8

Intracranial Involvement

Yes 0 0.0 3 11.1 51 68.9 12 66.7

No 8 100.0 24 88.9 23 31.1 6 33.3

Orbital Involvement

Yes 0 0.0 0 0.0 19 25.0 6 35.3

No 8 100.0 27 100.0 57 74.0 11 64.7

C)



Number at risk

Adj. RT Only (n = 145) 145 131 117 102 89 79 69 65 55 48 45

Adj. CRT (n = 65) 65 59 50 43 34 29 26 23 21 16 13

Number at risk

Adj. RT Only (n = 144) 144 125 111 92 77 69 58 53 45 37 34

Adj. CRT (n = 65) 65 54 43 38 31 26 22 19 16 12 9

C) D)

Number at risk

Adj RT to Primary and Neck 
(n = 36)

36 32 29 25 21 18 15 14 9 8 7

Adj RT to Primary Only  
(n = 94)

94 88 77 74 67 59 53 50 47 40 38

Number at risk

Adj RT to Primary and Neck 
(n = 36)

36 31 28 24 19 17 13 13 9 8 7

Adj RT to Primary Only  
(n = 94)

94 83 73 67 58 52 44 39 36 28 27

Supplemental Figure 5. Additional Kaplan-Meier survival analyses of A)-B) overall and disease-free survival between those who receive prophylactic neck irradiation (i.e. Kadish A-C cases only) 
and those who do not, respectively; C)-D) overall and disease-free survival comparing adjuvant chemoradiotherapy and radiotherapy only); E)-F) overall and disease-free survival of first 
recurrences at presentation.

A) B)

Number of Events 0 2 3 3 4 5 7 8 9 9 10

Number at Risk 49 47 45 43 41 38 33 31 30 27 21

Number of Events 0 10 12 17 24 26 31 33 35 35 36

Number at Risk 48 38 35 29 22 20 15 12 10 10 7

E) F)



Supplemental Figure 7. Kaplan-Meier survival curve of SSTR2 status

Number at risk

SSTR2-Negative (n = 15) 15 12 9 8 8 7 6 6 3 2 1

SSTR2-Positive (n = 114) 114 101 86 67 55 50 45 40 34 27 24

Supplemental Figure 6: Expression data on SSTR2 in ONB. 82.4% of the cohort, for which immunohistochemical staining for SSTR2 were available, were positive for the 
biomarker. 



Supplemental Table 1. Dulguerov modified-TNM and Kadish-Morita Staging Systems

Dulguerov modified-TNM Staging System 

Tumour  

 T1 Tumour involving nasal cavity and/or paranasal sinuses (excluding 

the sphenoid), sparing the most superior ethmoidal cells 

 T2 Tumour involving the nasal cavity and/or paranasal sinuses 

(including the sphenoid), with extension to or erosion of the 

cribriform plate 

 T3 Tumour extending into the orbit or protruding into the anterior 

cranial fossa, without dural invasion 

 T4 Tumour involving the brain 

Node  

 N0 No cervical lymph node metastasis 

 N1 Any form of cervical lymph node metastasis 

Metastasis  

 M0 No metastasis 

 M1 Distant metastasis 

 

Kadish Staging System 

A Confined to the nasal cavity 

B Involvement of one or more paransal sinuses 

C Extension beyond the nasal cavity and paranasal sinuses 

involving cribriform lamina, skull base, orbit or intracranial cavity  

D Regional lymph node or distant metastasis  

 



Supplemental Table 2. Clinical information for all cases, at presentation, by centre.



Supplemental Table 3. Clinicopathological characteristics and treatment details of primary cases (i.e. no previous treatment).

Total n n %

Sex 273
Female 125 45.8

Male 148 54.2

SSTR2 Status 142
Positive 117 82.4

Negative 25 17.6

Hyams Grade 235

1 43 18.3

2 126 53.6

3 46 19.6

4 20 8.5

Kadish-Morita Stage 247

A 26 10.5

B 56 22.7

C 142 57.5

D 23 9.3

Dulguerov T-Stage 148

T1 34 23.0

T2 44 29.7

T3 38 25.7

T4 32 21.6

Type of Surgery 238

None 16 6.7

Endoscopic 120 50.4

Open 85 35.7

Combined 15 6.3

Neck Dissection Only 1 0.4

Debulking Only 1 0.4

Adjuvant Treatment 112

None 31 12.7

Radiotherapy only 146 59.8

Chemotherapy only 2 0.8

Chemoradiotherapy 65 26.6

Induction Chemotherapy 213
No 183 85.9

Yes 30 14.1

Recurrence Site 222

No Recurrence 158 71.2

Local 29 13.1

Cervical nodal metastasis

Parotid

16

3

7.2

1.4

Intracranial 8 3.6

Locoregional 2 0.9

Distant 6 2.7



SSTR2 Status

Negative Positive

n % n % p-value

Sex 0.073

Female 16 66.7 53 45.3

Male 8 33.3 64 54.7

Age 0.163

<65 22 91.7 90 76.9

>65 2 8.3 27 23.1

Hyams Grade 0.003

Grade 1 6 28.6 20 18.7

Grade 2 4 19.0 62 57.9

Grade 3 6 28.6 19 17.8

Grade 4 5 23.8 6 5.6

Kadish-Morita Stage 0.807

Kadish A 3 23.1 18 16.4

Kadish B 1 7.7 18 16.4

Kadish C 8 61.5 68 61.8

Kadish D 1 7.7 6 5.5

Dulguerov T-Stage 0.162

T1 8 42.1 20 20.6

T2 6 31.6 27 27.8

T3 3 15.8 30 30.9

T4 2 10.5 20 20.6

Dural Infiltration 0.630

No 13 65.0 61 58.7

Yes 7 35.0 43 41.3

Bony Skull Base Involvement 0.529

No 5 35.7 28 26.7

Yes 9 64.3 77 73.3

Intracranial Involvement 0.678

No 4 66.7 27 52.9

Yes 2 33.3 24 47.1

Orbital Involvement 1.000

No 5 100.0 45 84.9

Yes 0 0.0 8 15.1

Supplemental Table 4. Clinicopathological characteristics of SSTR2-positive and negative primary tumours.
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