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Abstract

Background: Sinonasal mucosal melanoma (SNMM) is an aggressive cancer with high
mortality. Identifying patients at risk of distant metastasis assists with management and
prognostication. We aimed to define the relationship between volume, survival, and risk of distant
metastases.

Methods: A retrospective review of all patients with SNMM treated at a single institution over a
21-year period was conducted. Tumor volume was calculated using cross-sectional imaging and
survival analysis was performed.

Results: Sixty-one patients were included. Tumor volume was predictive of local progression
free survival (LPFS) (p=0.032), distant metastases free survival (DMFS) (p=0.002), and overall
survival (OS) (p=0.022). It was a better predictor than AJCC stage and T-classification. Tumor
volume equal to or greater than 5cm3 was associated with a significantly worse DMFS and OS
(p=0.022 and 0.009, respectively).

Conclusion: Calculation of tumor volume assists in quantifying the risk of distant metastases

and death in SNMM.
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INTRODUCTION

Sinonasal mucosal melanoma (SNMM) is a rare and aggressive cancer that accounts for
fewer than 4% of sinonasal tumors and 0.5% of all tumors of the head and neck.1- Patients
with SNMM have a poor prognosis, with a 5-year overall survival of 20-40%,5-10 which is
attributed to the significant proportion of patients who develop distant metastases (between
39 to 68%).11-15 The current management paradigm of SNMM includes surgical resection
(when feasible) followed by adjuvant radiotherapy.16-19 In recent years, immune checkpoint
inhibition has been introduced as treatment for patients with locally advanced or distant
disease, but there is limited data to guide the selection of patients most likely to benefit from
immunotherapy.20-22

There are several described methods of risk stratification for patients with SNMM. The
Ballantyne staging system, which was first proposed in 1970 and subsequently modified by
Prasad in 2004, classifies tumors based on histological and anatomical disease extent.23:24
Although useful as a descriptive tool, it offers limited prognostic information for patients.2®
Similarly, the American Joint Committee on Cancer (AJCC) initially used a non-specific
sinonasal carcinoma staging system for patients with SNMM that offered little in the way of
prognostic information for SNMM. In 2009, the AJCC released its first staging system
specifically for head and neck mucosal melanomas (HNMM), which stratifies patients based
on prognosis and remains the most commonly used system today. None of these staging
systems offer information regarding the risk of distant metastases.24-2

The prognostic value of primary tumor volume (TV) in predicting disease progression and
survival has been reported in other head and neck cancers,28 but not in SNMM. Our
objective was to define the relationship between TV and the risk of distant metastases and
overall survival in patients with SNMM.

MATERIALS / METHODS

Patient Selection

Following Institutional Review Board approval, a retrospective review was conducted of all
patients with SNMM who presented to a high-volume academic cancer center from January
1997 to December 2018. Cases were identified using diagnostic codes contained within a
prospectively maintained skull base database. Patients were included in our study if they had
a newly diagnosed and pathologically confirmed diagnosis of melanoma arising from the
sinonasal region and had pre-treatment structural imaging available for review. Patients were
excluded if radiological imaging was not available for review or if the patient had undergone
extensive biopsies or debulking prior to imaging (as per operation report). Patient
demographics, tumor factors, treatment details, and outcomes data were collected. Patients
were staged retrospectively using AJCC 8t edition staging for head and neck mucosal
melanoma (HNMM). Because the AJCC 8t edition does not include prognostic stage
groups,2? the 7t edition was used for this purpose.3° Follow-up imaging studies were
reviewed to assess for the presence of recurrent locoregional and distant disease.
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Calculation of Tumor Volume

Treatment

Outcomes

Pre-treatment structural imaging (either computed tomography [CT] or magnetic resonance
imaging [MRI] of the sinuses with contrast) was reviewed by a neuroradiologist who was
blinded to patient outcomes. Patients were assigned a T-classification in accordance with the
AJCC 8™ edition system for HNMM2®, which allowed staging according to the 7! edition
as outlined above30. Tri-planar imaging was used to measure tumor diameter in three axes.
Ellipsoid primary tumor volume (TV) was calculated using the method described by Dejaco
et al, in which tumor volume is equal to (xyz)m/6 where X, y and z are three perpendicular
tumor diameter measurements in centimeters.3!

To assess the potential effect of interobserver variability, we compared a random sample of
ten sets of measurements obtained by the blinded study neuroradiologist with those recorded
in pre-operative imaging reports. We then compared these values in order to calculate the
Interobserver Correlation Coefficient (ICC).

The treatment regimen was variable due to the heterogeneity of the patient group and disease
status, but generally involved surgery followed by postoperative radiotherapy, except in
those with unresectable disease. Surgery was performed with the goal of gross total resection
of the primary tumor either via an open or endoscopic approach. Neck dissection was
reserved for those patients with node-positive disease. Six patients were additionally given
systemic platinum-based chemotherapy for distant metastases. In the more recent cases,
immune checkpoint inhibition (either PD-1 or CTLA-4 checkpoint inhibitor) was
incorporated into the treatment regimen.

The primary outcome was overall survival (OS). Secondary outcomes were disease-specific
survival (DSS), local progression free survival (LPFS), and distant metastases free survival
(DMFS). Outcomes were defined as the time from the diagnosis to the occurrence of an
event (recurrence or death) or to the last follow-up.

Statistical Analysis of Outcomes

LPFS, DMFS, OS, and DSS were calculated using the Kaplan Meier method. Univariate
analysis was performed using the log rank test. Those factors that were found to be
significant on univariate analysis were then assessed by multivariate analysis using a Cox
regression analysis and log rank test. Descriptive analyses were performed using chi-square
test. A TV cutoff was determined according to OS on a receiver operating characteristics
(ROC) curve and selected to achieve the best sensitivity and specificity combination. All
analyses were performed using SPSS Statistics v.25 (Windows) software (IBM, Armonk,
NY). Reported pvalues were two-tailed when available, and for all tests a value of <0.05
was considered significant.
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Patient Characteristics

Staging

Treatment

Outcomes

We identified 102 patients who were treated for SNMM at our institution during the study
period. Thirty patients were excluded because there was no pre-treatment imaging to review
(either because the hard copy had not been uploaded to the electronic system, or because the
imaging was performed at an outside institution and the images were not available). Eleven
patients were excluded because they had undergone extensive biopsies prior to obtaining
structural imaging. This left 61 patients eligible for inclusion in the study. There were 29
males and 32 females, with a mean age at diagnosis of 69 years (Table 1). Median duration
of follow-up was 27 months (range, 3 — 161 months).

A combination of imaging modalities was used to stage patients. For local staging, CT
sinuses with contrast was used in 29 patients (47.5%), predominately early in the study
period, and MRI sinuses in the remaining 32 (52.5%). For distant staging, PET scan was
used in 53 patients (86.9%) and CT chest / abdomen / pelvis in 4 patients (6.6%), one of
whom also had a bone scan. The remaining three patients, all of whom were treated early in
the study period, had a chest radiograph alone as the only means of distant staging (4.9%).

Surgery was performed in 50 patients (82.0%); this entailed endoscopic resection in 13,
open transfacial resection in 28, and craniofacial resection in 9 patients. Surgery was
performed with a goal of gross total resection, this was achieved in 48 patients per the
operative report. Due to the variability in quality of historical pathology and operative
reports, as well as the piecemeal nature of endoscopic resections, it was not always possible
to retrospectively confirm complete microscopic clearance of disease. Surgery was therefore
subdivided into “gross total resection” (n=48) and “subtotal resection” (n=2). Surgery was
followed by adjuvant radiotherapy in 41 patients (82.0%), and adjuvant chemotherapy in 5
patients (10.0%).

The reasons for not offering surgery to patients were unresectable local disease (n=8),
widespread distant metastases (n=2), and patient refusal (n=1). Of the 11 patients treated
non-surgically, the remainder all received definitive radiotherapy (n=10), often in
combination with immunotherapy (n=7), with the exception of one patient who received
palliative chemotherapy and immunotherapy alone.

The median OS was 37 months (range 3 — 161). The 1-, 3-, and 5-year OS estimates were
82.0%, 53.0% and 33.4%, respectively, with corresponding DSS estimates of 83.4%, 55.8%,
and 39.0%, respectively.

Local recurrence was observed in 27 patients (44.3%) and regional recurrence in 14
(30.0%). In patients who developed local recurrence, the median time to recurrence was 17
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months (range 2 — 115 months). The 1-, 3-, and 5-year LPFS estimates were 81.0%, 61.3%,
and 45.4%, respectively.

Seven patients had distant metastases at presentation (11.4%) and a further 31 developed
them during the period of observation, resulting in a total of 38 patients with distant
metastases (62.3%) The median time to development of distant metastases was 12 months
(range 0 — 115 months). The 1-, 3-, and 5-year DMFS estimates were 62.9%, 42.6%, and
29.4%. Twenty-one patients developed both local recurrence / progression and distant
metastases (34.4%), and there was no association between LP and DM (p=0.380).

AJCC 7t edition stage grouping was not predictive of LPFS (p=0.119), OS (p=0.093), or
DSS (p=0.212). Overall stage did predict DMFS (p<0.001), but this was expected due to the
incorporation of distant metastases into the staging system (Figure 2). T-classification
predicted DMFS (0=0.004) but not LPFS(p=0.380), OS (p=0.072) or DSS (p=0.174) (Figure
3).

Other patient and treatment factors including age, sex, surgical resection, type of resection,
and radiotherapy were not predictive of LPFS, DMFS, OS, or DSS. Receiving chemotherapy
was predictive of worse OS and DSS (p=0.039, p=0.026, respectively) and this retained
significance in a multivariate model incorporating AJCC staging (hazard ratio [HR] 2.454;
91% confidence interval [CI] 1.002 — 6.007; p=0.049).

Tumor Volume

Mean TV was 17.79 cm3 (median, 10.85 cm3; range, 0.75 — 101.79 cm3). TV increased with
increasing tumor stage (Figure 1). The mean TV in those patients who went on to develop
distant metastases was 21.08 cm3 compared to 11.53 cm? in patients who remained free of
distant metastases (p=0.049). There was no significant different in mean TV in patients who
progressed locally compared to those who did not (p=0.261). However, when analyzed as a
continuous variable, TV was found to be predictive of LPFS (p=0.032), DMFS (p=0.002),
OS (p=0.022), and DSS (p=0.036). On multivariate analysis incorporating AJCC stage, T-
classification, and TV, it remained significance only for LPFS (HR 1.031; 95% CI 1.007 —
1.056; p=0.010).

Using a ROC curve to determine the optimal volume cutoff to differentiate between OS
outcomes, tumors were divided into “small” (<5 cm3) and “large” (=5 cmq). The
calculations were also repeated for DMFS outcomes with a similar cut off found. Patients
with TV =5cm?3 had worse DMFS (p=0.022), OS (p=0.009), and DSS (p=0.024) (Figure 4).
The proportion of patients with small tumors who developed distant metastases within 5
years was 45.5%, compared with 66.7% of patients with large tumors (p =0.290). The 5-year
OS was 59.1% for small and 30.8% for large tumors, respectively, with a median survival of
80 months compared to 30 months (p<0.001).

Comparison of a sample of TV measurements obtained by the study neuroradiologist with
those recorded in the pre-operative imaging produced an ICC of 0.757.
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DISCUSSION

SNMN is an aggressive malignancy, and treatment options are limited by its location
adjacent to critical structures within the head and neck. Current staging systems do not
attempt to predict the risk of locoregional and distant failure. The prognostic stage grouping
has been removed from the AJCC 81" edition staging system which limits the ability of this
staging system to be used for prognostication.2® Identifying factors that can predict patient
outcomes will result in more accurate prognostication and thus have the potential to guide
treatment decisions.

Our results show that TV is predictive of LPFS, DMFS, OS, and DSS among patients with
SNMM. This is the first time that tumor volume has been used as a prognostic indicator in
this setting.

TV has been described as a predictor of response to radiotherapy in the head and neck
radiation oncology literature.32:33 Chen et al found TV < 30 cm3 was predictive of improved
cause-specific survival,34 and <40 cm3 was predictive of local-relapse free survival3® in
patients with hypopharyngeal cancer treated with primary chemoradiotherapy. Rutkowski
found TV was predictive of local control and overall survival in patients with laryngeal
cancer.3¢ Dziegielewski identified a cut off of <2.5 cm? as being predictive of worse tumor
control rates in patients with T3 glottic cancer. Knegjens studied 360 patients undergoing
primary chemoradiotherapy for head and neck cancer and found a 14% increased hazard
ratio for local recurrence per 10 cm?3 increase in tumor volume.3” Dejaco et al measured
tumor volume in 125 patients undergoing surgical resection for head and neck cancer, and
found that volume was predictive of worse overall survival2®

The challenge in using a continuous variable such as TV to predict risk is that it does not
enable stratification of patients. For this reason, we divided TV into two groups based on
whether the tumor was less than or greater than 5 cm3 in volume. Our results demonstrate
tumors =5 cm3 had worse DMFS, OS and DSS. There was no significant difference in rates
of LPFS (despite the fact that TV was predictive of LPFS when analyzed as a continuous
variable), and we hypothesize that this may have been because the 5 cm3 cutoff was not
optimized for this outcome. It is important to acknowledge that this is an arbitrary
dichotomization, and it is possible that an alternative cutoff volume (or volumes) may be
more appropriate. Nevertheless, we believe it is helpful to group patients in this way as it can
be used to guide therapeutic decisions. Further research should focus on whether volume can
be subdivided into additional risk categories.

To evaluate the usefulness of dichotomized TV as a predictive variable, we compared it to
other staging systems. Among our patient cohort, we found the AJCC 7! edition stage
grouping for HNMM to be less accurate for predicting OS and DSS. These results are
similar to those obtained by Michel et al and Houette et al, who also found the AJCC
HNMM stages did not stratify into appropriate survival curves, except among those patients
with distant metastases.?>27 This is in contrast to the work of Moya-Plana et al, who found
the staging system performed well for OS, PFS, and DMFS.26
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One explanation for the limited performance of AJCC staging may be that patients with
distant metastases are automatically classified as having the highest stage of disease.
Although the presence of metastatic disease has been considered a pre-terminal event, this is
now changing in the era of effective systemic therapy. We therefore chose to examine the
AJCC T-classification independently.

SNMM is unique in that, due to the poor prognosis and propensity for local recurrence, T-
classification begins with T3 disease. This reduces the range of T-classifications that can be
assigned to a tumor to T3, T44a, and Th4. The reduction in range of classifications is
arguably beneficial in terms of risk stratification, because it results in fewer comparison
groups and therefore an increased likelihood of significant differences. Other authors have
shown T-classification to be predictive of 0S.7:13.26 We found T-classification did not
predict OS but did predict DMFS. This finding should be considered in the context of how
T-classification relates to tumor size. The T-classification reflects the anatomical extent of
disease, and our results show that it also correlates with the TV. It is therefore unclear
whether the association between T-classification and DM is reflective of tumor size or
extent. Of note, all patients with tumors <5 cm?3 in volume were classified as T3, thus
providing further evidence for the crossover between anatomical and volume stratification. It
is possible that both factors contribute to the risk of metastatic disease, and further work
should focus on determining the relative contributions of each of these factors.

We chose to calculate TV using a validated method of calculating the ellipsoid volume based
on maximum orthogonal diameters in three planes. This is in contrast to the methods used in
other series, in which the tumor was outlined slice-by-slice and a computer algorithm
calculated the total volume.34-39 The computerized method is dependent on the presence of
digitalized data and is therefore logistically challenging if only hardcopy films are available,
as was the case in some of our earlier cases. The method we used was described3! and
validated?® by Dejaco et al, who demonstrated its use over a wide range of tumor sizes. They
reported an average 8% underestimation when compared to the gold standard technique.
Alternative methods of manually calculating tumor volume, such as a single measurement of
tumor diameter or cuboid tumor volume estimates, have been shown to be less accurate.3!
However, we recognize that digitalized measurement has advantages over our method,
particularly in the case of irregularly shaped tumors, and this is a limitation in our study.

Tumor volume assessment is impaired in patients who have had extensive diagnostic
biopsies prior to imaging, thus reducing the true volume of the remaining tumor. It is
standard practice at our institution to obtain pre-biopsy imaging in all patients with
suspected sinonasal malignancies prior to surgical biopsy. Following this practice will avoid
the potential difficulties encountered with measurement of post-biopsy tumors.

We faced technical challenges in the measurement of TV in some instances. For those
patients who underwent CT scan with contrast, tumor extent can be difficult to delineate due
to trapped secretions. This issue was resolved by the more widespread use of MRI in later
years of the study, however it is possible that it may have affected results from patients
earlier during the study period. Due to this consideration, as well as the superior soft tissue
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detail offered by MRI, we suggest that those planning to use tumor volume assessment in
their own practice obtain measurements from MRI in preference to CT if possible.

In patients with sessile or multifocal lesions, the full extent of the tumor is sometimes
indistinct on imaging. This could potentially lead to underestimation of the TV.
Unfortunately, due to the retrospective design of our study, we were not able to identify how
many patients had clinically detectable satellite or multifocal lesions at the time of
diagnosis. However, be believe the addition of this information may be helpful to further
risk-stratify lesions and we encourage future researchers to consider how satellite lesions
affect the usefulness of TV as a predictive value.

An important consideration in tumor volume calculation lies in the potential for
interobserver variability between reporting neuroradiologists.32 This is particularly true of
tumors with an irregular shape. We assessed the potential impact of this variability by
calculating the ICC based on the pre-operative imaging reports, with a result of 0.757.
According to the guidelines proposed by Koo and Li, this represents good interobserver
reliability.0 Nevertheless, the lack of a second independent radiologist in our study for
measurement comparison is a limitation in our study design.

We had difficulty establishing true margin status in some patients due to lack of clarity in
operative and pathology reports, as well as the piecemeal nature of some endoscopic
resections. We recently published a paper from our institution showing no difference in
outcomes between patients with SNMM who had traditional wide-margin surgery compared
to endoscopic gross total resectionl®. We therefore classified patients as having undergone
“gross total resection (GRT)” or “subtotal resection (STR)”. This classification is based on
the surgeon’s subjective assessment and thus is a potential source of bias. Thus, the
subjective assessment of GRT leading to uncertainty in determination of true margin status is
a limitation of this study.

These results should be interpreted in the context of the observed heterogeneity in treatment
strategies. Management protocols have advanced over the study period; immunotherapy,
seldom used prior to 5 years ago, has now emerged as a pillar of our current treatment
regimen. Whereas the National Comprehensive Cancer Network guidelines provide a
suggested management paradigm, a number of our patients were treated as part of clinical
trials and therefore deviated from this framework. Given our small sample size, it was not
possible to reach any conclusions regarding the effect of these variations on our results.

Although this dataset was prospectively maintained, some data required retrospective
collection. Therefore, this study is limited by the usual challenges in including selection
bias, variable treatment modalities, and incomplete data. The limited number of patients
precluded identification of additional volume cutoffs that would have helped to further
stratify risk. While we acknowledge that the rarity of SNMM renders prospective data
collection logistically challenging, further research should aim to calculate pre-treatment TV.
Evaluation of TV in a larger cohort will result in a better understanding of how TV and other
variables interact to predict prognosis.
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CONCLUSION

Primary tumor volume is predictive of LPFS, DMFS, OS and DSS on univariate analysis,
but only LPFS on multivariate analysis. Consideration should be given to how this measure
can be incorporated into future staging systems to improve prognostication. Patients with
large tumor volume should be considered as high risk for presenting with or developing
distant metastases and having poor survival outcomes. Clinical trials using these parameters
are indicated to show the impact of adjuvant therapies such as immunotherapy in these high-
risk patients.
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Patient characteristics at presentation with sinonasal mucosal melanoma

Patient Characteristics

Total No. of patients 61
Sex (%)
Female 32 (52.5%)
Male 29 (47.5%)
Age
Mean (range) 69 (46 — 85)
Treatment (%)
Surgery 51 (83.6%)
Radiotherapy 50 (82.0%)
Chemotherapy 6 (9.8%)
Immunotherapy? 20 (32.9%)

T classificationb at presentation (%)

3 30 (49.2%)

4a 22 (36.1%)

4b 9 (14.8%)
N classificationb at presentation (%)

NO 57 (93.4%)

N1 4(6.6%)

M classificationbat presentation (%)

MO 54 (88.5%)

M1 7 (11.5%)
Overall stageb

1 30 (49.2%)

IVa 17 (27.9%)

IVb 7 (11.5%)

IVe 7 (11.5%)
Tumor volume

<5 ¢m? 22 (36.1%)

>5 cm3 39 (63.9%)

almmune checkpoint inhibition with PD-1 or CTLA-4, either alone or in combination

Table 1.

b . . . - .
American Joint Committee on Cancer (AJCC) 7th edition staging system
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