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Abstract

Objective. The purpose of this study was to evaluate the util-
ity of ICD-O-3—classified local tumor behavior as a prognosti-
cator of head and neck paraganglioma (HNP) outcomes.

Study Design. Retrospective cohort study.
Setting. National Cancer Database between 2004 and 2016.

Methods. This study included patients aged >18 years who
were diagnosed with HNP. Clinical outcomes and clinicopatho-
logic features were compared with regard to local tumor
behavior.

Results. Our study included 525 patients, of which the major-
ity had HNP classified as locally invasive (45.9%) or borderline
(37.9%). The most common anatomic sites involved were the
carotid body (33.7%), intracranial regions (29.0%), or cranial
nerves (25.5%). Carotid body tumors were exclusively locally
invasive, whereas intracranial and cranial nerve HNP were
overwhelmingly benign or borderline (94% and 91%, respec-
tively). One-fourth of patients underwent pathologic analysis
of regional lymph nodes, of which the majority were positive
for metastasis (80.6%). Metastasis to distant organs was twice
as common in patients with locally invasive tumors vs benign
(15% vs 7.1). For benign disease, surgery with radiotherapy
(adjusted hazard ratio [aHR], 40.45; P = .006) and active sur-
veillance (aHR, 24.23; P = .008) were associated with worse
survival when compared with surgery alone. For locally inva-
sive tumors, greater age (aHR, 1.07; P < .0001) and positive
surgical margins (aHR, 4.13; P = .010) were predictors of
worse survival, while combined surgery and radiotherapy
were predictors of improved survival vs surgery alone (aHR,
0.31; P =.027).

Conclusion. While criteria for tumor behavior could not be
defined, our results suggest that such a classification system
could be used to enhance HNP risk stratification and guide
clinical management decisions.
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araganglioma are rare neuroendocrine tumors arising
from neural crest—derived cells associated with the auto-
nomic nervous system of the head, neck, thorax, and abdo-
men.' The incidence of these tumors is estimated to be between
0.6 and 1.0 per 100,000 person-years, with 3% to 18% occurring
within the head and neck.”® Head and neck paraganglioma
(HNP) most often arise from the carotid body, middle ear, jugular
bulb, and vagus nerve. If left untreated, they may cause significant
morbidity and mortality by local invasion or metastasis.®®
Currently there is no comprehensive risk assessment
method to evaluate paraganglioma behavior in all head and
neck regions. The classification systems that have been devel-
oped, such as Fisch, Glasscock-Jackson, and Shamblin, can
be applied only to specific HNP sites and fail to incorporate
risk of recurrence or metastatic spread.”!'! Therefore,
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clinicians often risk stratify cases via classification of HNP as
benign or malignant. The accepted criterion for ““malignant”
is the occurrence of lymph node or distant metastasis'? and is
cited to be present in 10% of HNP.'? The remaining 90% of
HNP are considered benign. The median overall survival
(OS) at 5 years among patients with regionally confined dis-
ease (77%) is significantly better than among those with dis-
tant metastasis (12%).® While it may be clinically useful to
identify HNP as malignant, classification of HNP as benign
may not appropriately characterize patient risk.

The literature suggests that there is some degree of hetero-
geneity in disease course among ‘‘benign’”’ HNP. One study
found that among patients treated for nonmetastatic HNP,
recurrence rates were 8.2% and 17.1% at 4 and 10 years,
respectively, with 3.2% of patients developing metastasis.'*
A separate study indicated that 17.6% of patients with nonme-
tastatic carotid body tumors developed metastatic recurrent
disease following treatment.'> These investigations also pin-
pointed mutations involving genes in the succinate dehydro-
genase complex (SDHx) as risk factors for local/regional
recurrence and distance metastases.'>'® Altogether, this aca-
demic work suggests that there may be a subset of HNP with
more aggressive features that cannot be resolved through eva-
luation of distant or local metastasis upon initial presentation.

The anatomic complexity, variable behavior, and rare inci-
dence of HNP have curtailed the development of consistent
guidelines for their management. Surgical resection represents
the mainstay of treatment for HNP and is associated with the
highest rates of local control.'>** However, due to the morbid-
ity associated with surgery, recent studies have suggested that
primary radiotherapy may provide similar local tumor control
with reduced morbidity.?'* Others have suggested that con-
servative management with serial imaging and close follow-up
may be preferred for patients with advanced age, multiple
comorbidities, small asymptomatic tumors, or cases in which
surgical resection carries high morbidity.** The significant
ambiguity in the literature with regard to optimal treatment
paradigm stems from an incomplete understanding of disparate
HNP subgroups.'? Enhanced characterization of these tumors
will provide clinicians with the tools required to pinpoint the
clinical indications for each therapeutic approach.

The US National Cancer Database (NCDB) classifies all
tumors with a behavior code based on histologic, cytologic, or
radiologic findings. This behavior code gives insight into the
local behavior of a tumor rather than information regarding
regional or distant metastasis. In this study, we explore the
clinical value in using local tumor behavior to develop HNP
risk strata. This represents the largest analysis to date evaluat-
ing prognostic factors in HNP and the first study to develop
HNP phenotypes based on local tumor behavior.

Methods
Data Source

We conducted a retrospective analysis of the NCDB, a nation-
wide cancer registry jointly sponsored by the American
College of Surgeons and the American Cancer Society. The
NCDB is a clinical oncology database sourced from >1500
Commission on Cancer—accredited facilities that accounts

for about 70% of newly diagnosed cancers in the United
States.”>*® The American College of Surgeons and Commission
on Cancer have not reviewed and are not responsible for the
analyses and conclusions drawn from these data. This study was
deemed exempt from review by the University of California San
Diego Institutional Review Board.

Study Cohort

Patients diagnosed with primary paraganglioma of the head
and neck region from 2004 through 2016 were identi-
fied through ICD-O-3 codes (International Classification
of Diseases for Oncology, Third Edition; World Health
Organization). Eligible topographic codes for the head and
neck region included C000-C009, C019-C069, C079-C119,
C129-148, C300-C301, C310-C329, C411, C440-C444,
C470, C490, C700-719, C722-C725, C739, C750-754, C758-
C760, and C770. Eligible morphology codes for paraganglioma
included M8680-8683, M8690-8693, M8700, and M8711. The
fifth digit in the morphology code describes local tumor beha-
vior and indicates whether the neoplasm is benign (/0), invading
into surrounding tissues (/3), or of borderline or uncertain beha-
vior (/1). The behavior code “/3” was designated as “locally
invasive” because it was assigned independently of regional or
distant metastasis.?’ Rather, for regional and distant metastasis
status, pathologic confirmation in the NCDB of regional lymph
nodes (RLNs) and distant metastasis was examined.

Demographic variables included for analysis were age,
sex, and race. ‘“Margins’’ refers to the surgical margins follow-
ing resection of the primary tumor. The Charlson-Deyo
Comorbidity Index (CCI) is an adapted comorbidity score avail-
able in the NCDB and is based on secondary diagnoses, with
higher scores indicating more comorbidities.”**’ Follow-up
times were reported as the number of months between the date
of diagnosis and the date of patient last contact or death.

Statistical Analysis

Descriptive statistics, including proportions, means, and stan-
dard deviations, were used to report demographic and clinical
features of the population. Population characteristics were
compared by tumor behavior through 1-way analysis of var-
iance with Bonferroni post hoc testing or Pearson chi-square
test for continuous and categorical variables, respectively. Cox
proportional hazards modeling was used to generate unadjusted
and adjusted hazard ratios (aHRs) with 95% Cls evaluating OS
stratified by tumor behavior. Survival analysis was performed
only for patients with available vital status data. Forward step-
wise selection was implemented to determine covariates to be
included in the final Cox regression model with inclusion and
exclusion thresholds set at P < .05 and P > .2. Prevalence
ratios of treatment modalities over sequential calendar years
were estimated through generalized nonparametric linear
models with extension to the binomial family. All data were
analyzed with Stata/SE version 17.0 for Mac.

Results
Baseline Characteristics

This study included 525 patients with HNP (Table I). Patients
were on average 53 years old, mostly female (63.8%), and
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Table 1. Clinical Characteristics of Patients With Head and Neck Paraganglioma in NCDB From 2004 to 2016.

Tumors, No. (%)? P value®
Locally Benign vs Borderline vs  Benign vs
Overall Benign Borderline invasive locally invasive locally invasive borderline
Patients 525 85 (16.19) 199 (37.9) 241 (45.9)
Age at diagnosis, y, mean (SD) 52.59 (15.9) 56.2 (15.79) 54.93 (14.38) 49.38 (16.56) .002 .001 .898
Sex 773 .091 327
Male 190 (36.19) 32 (37.65) 63 (31.66) 95 (39.42)
Female 335 (63.81) 53 (62.35) 136 (68.34) 146 (60.58)
Race .037 .003 129
White 367 (69.9) 52 (61.18) 138 (69.35) 177 (73.44)
Black 93 (17.71) 21 (24.71) 44 (22.11) 28 (11.62)
Hispanic 36 (6.86) 8 (9.41) 6 (3.02) 22 (9.13)
Asian/Pacific Islander 13 (2.48) 2 (2.35) 5 (2.51) 6 (2.49)
Other/unknown 16 (3.05) 2 (2.35) 6 (3.02) 8(3.32)
Primary payor .285 719 .546
Private insurance 299 (56.95) 51 (60) 115 (57.79) 133 (55.19)
Medicare, Medicaid, other govt 196 (37.33) 32 (37.65) 74 (37.19) 90 (37.34)
Not insured 20 (3.81) 1 (1.18) 7 (3.52) 12 (4.98)
Unknown 10 (1.9) 1 (1.18) 3 (1.51) 6 (2.49)
Facility type 915 719 972
Comprehensive Community Cancer Program 16 (3.05) 3(3.53) 8 (4.02) 5(2.07)
Academic/research program 89 (16.95) 16 (18.82) 36 (18.09) 37 (15.35)
Integrated Network Cancer Program 247 (47.05) 44 (51.76) 104 (52.26) 99 (41.08)
Missing 173 (32.95) 22 (25.88) 51 (25.63) 100 (41.49)
Charlson-Deyo score .145 .16 967
0 429 (81.71) 72 (84.71) 163 (81.91) 194 (80.5)
| 77 (14.67) 13 (15.29) 32 (16.08) 32 (13.28)
2 I 2.1) 0 (0) 2 (1.01) 9 (3.73)
3 8 (1.52) 0 (0) 2 (1.01) 6 (2.49)
Primary site, <.0001 <.0001 .007
Carotid body 177 (33.71) 0 (0) 0(0) 177 (73.44)
Intracranial 152 (28.95) 53 (62.35) 90 (45.23) 9 (3.73)
Cranial nerves® 134 (25.52) 24 (28.24) 98 (49.25) 12 (4.98)
Skin, connective tissue, lymphatics 17 (3.24) 0 (0) 0(0) 17 (7.05)
Pituitary, pineal, other endocrine structures 15 (2.86) 5 (5.88) 7 (3.52) 3 (1.24)
Acoustic nerve 7 (1.33) 3 (3.53) 4 (2.01) 0 (0)
Peripheral and autonomic nerves 6 (1.14) 0 (0) 0 (0) 6 (2.49)
Middle ear 4 (0.76) 0 (0) 0 (0) 4 (1.66)
Salivary gland 4 (0.76) 0 (0) 0 (0) 4 (1.66)
Nasal cavity, nasopharynx, sinus 4 (0.76) 0 (0) 0 (0) 4 (1.66)
Oral cavity 3 (0.57) 0 (0) 0 (0) 3 (1.24)
Oropharynx 2 (0.38) 0 (0) 0 (0) 2 (0.83)
Tumor size, cm, median (IQR) 3.5 (2.5 3(2) 3 (2.35) 4 (2.5) .002 <.0001 .998
Greatest tumor dimension, cm <.0001 <.0001 147
<2 45 (8.57) 12 (14.12) 24 (12.06) 9 (3.73)
24 149 (28.38) 29 (34.12) 49 (24.62) 71 (29.46)
4-8 122 (23.24) 11 (12.94) 39 (19.6) 72 (29.88)
>8 21 (4) 44.71) 3 (1.51) 14 (5.81)
Missing/unknown 188 (35.81) 29 (34.12) 84 (42.21) 75 (31.12)
Regional lymph node status
Positive 104 (19.81) 0 (0) 0 (0) 104 (43.15)
Negative 25 (4.76) 0 (0) 0(0) 25 (10.37)
No lymphadenectomy 396 (75.43) 85 (100) 199 (100) 112 (46.47)

(continued)
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Table 1. (continued)

Tumors, No. (%)* P value®
Locally Benign vs Borderline vs  Benign vs
Overall Benign Borderline invasive locally invasive locally invasive borderline
Distant metastasis status <.0001 <.0001 492
Negative 407 (77.52) 78 (91.76) 165 (82.91) 164 (68.05)
Positive 37 (7.05) 0 (0) 1 (0.5) 36 (14.94)
Missing/unknown 81 (15.43) 7 (8.24) 33 (16.58) 41 (17.01)
Overall treatment <.0001 <.0001 206
Surgery only 251 (47.81) 39 (45.88) 110 (55.28) 102 (42.32)
Radiation only 94 (17.9) 22 (25.88) 42 (21.11) 30 (12.45)
Chemotherapy only 5 (0.95) 0 (0) 0 (0) 5(2.07)
Surgery and radiation 86 (16.38) 5(5.88) 18 (9.05) 63 (26.14)
Surgery and chemotherapy 3 (0.57) 0 (0) 0(0) 3 (1.24)
Radiation and chemotherapy 7 (1.33) 0 (0) 0(0) 7 (2.9)
Surgery, radiation, and chemotherapy 6 (1.14) 0 (0) 0 (0) 6 (2.49)
Active surveillance, no treatment 64 (12.19) 17 (20) 25 (12.56) 22 (9.13)
Unknown/missing 9 (1.71) 2 (2.35) 4 (2.01) 3 (1.24)
Margin status 246 613 4
Negative 69 (13.14) 3 (3.53) 1 (0.5) 65 (26.97)
Positive 63 (12) 0 (0) 2 (1.01) 61 (25.31)
Unknown/missing 393 (74.86) 82 (96.47) 196 (98.49) 115 (47.72)
Vital status 294 .001 .098
Dead 80 (16.81) 14 (17.07) 18 (9.89) 48 (22.64)
Alive 396 (83.19) 68 (82.93) 164 (90.11) 164 (77.36)
Follow-up, mo, median (IQR) 53.18 (60.91) 50.86 (71.06) 58.63 (54.83) 50.32 (59.3) .59 .187 763

Abbreviations: IQR, interquartile range; NCDB, National Cancer Database.
*Values are presented as No. (%) unless noted otherwise.
PP < .05 (bold) indicates statistical significance. Missing P values indicate insufficient sample size for statistical comparison.

All sites within head and neck region.
9Includes cranial nerves I-VII and IX-XII.
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Figure 1. Cohort distribution by age, stratified by sex.

mostly White (69.9%). Although the sex ratio was fairly
balanced among patients <40 years of age, the relative propor-
tion of women increased with each decade of life until a fema-
le:male ratio of 4:1 was reached in patients >70 years old
(Figure 1). Most tumors were locally invasive (46%) or bor-
derline (38%), with a minority being benign (16%) in behavior.
Of the RLNs sampled (24.6%), the majority were positive for
metastasis (80.6%; Table 2). Distant metastasis was identified
in a minority of patients (7.1%).

HNP most commonly involved the carotid body (33.7%),
intracranial regions (29.0%), or cranial nerves (25.5%).
Carotid body tumors were exclusively invasive, while intra-
cranial and cranial nerve tumors were almost entirely benign
or borderline (Table I). Benign and borderline tumors were
significantly smaller than invasive tumors (median size, 3 vs
4 cm, respectively; Table I). Tumors with distant metastasis
were significantly larger than benign tumors (Figure 2B).

Factors Associated With OS

The median follow-up time was 53.18 months (range, 0.03-
166) and did not significantly differ by tumor behavior
(Table 1). In total, 83%, 90%, and 77% of patients with
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Table 2. Analysis of Biopsied RLNs for Locally Invasive Head and Neck Paraganglioma.

Locally invasive RLN biopsy Positive RLN Distant metastasis
Primary site of tumor (n =241) (n=129)° (n = 104)° (n = 36)
Carotid body (n = 177) 177 115 93 23
Intracranial (n = 152) 9 0 0 3
Cranial nerves (n = 134) 12 0 0 3
Skin, connective tissue, and lymphatics (n = 17) 17 8 8 3
All other sites (n = 45) 26 6 3 4

Abbreviation: RLN, regional lymph node.

?Patients with >1 RLNs examined by pathologist during the first course of treatment.
PPatients with > positive RLNs confirmed by pathologist during the first course of treatment.

Table 3. Univariate Factors Associated With Overall Survival in Head and Neck Paraganglioma.?

Benign (n = 82)

Borderline (n = 182)

Locally invasive (n = 212)

Variable HR (95% ClI) P value HR (95% ClI) P value HR (95% ClI) P value
Age,y 1.05 (1.01-1.09) .022 1.04 (1-1.08) .047  1.06 (1.04-1.08) <.0001
Sex

Male 1.00 1.00 1.00

Female 1.95 (0.54-7.03) .305 0.86 (0.3-2.42) 172 1.18 (0.66-2.12) .576
Race

White 1.00 1.00 1.00

Black 2.27 (0.72-7.18) 162 0.6 (0.13-2.65) 497 1.56 (0.72-3.38) 259

Hispanic 2.96 (0.61-14.32) .178 3.68 (0.83-16.37)  .087  0.58 (0.18-1.9) 373

Asian/Pacific Islander 1.47 (0.19-11.35)  .709 1.71 (0.23-12.62) .601

Other/unknown 1.34 (0.32-5.6) .688
Primary payor

Private insurance 1.00 1.00 1.00

Medicare, Medicaid, other govt 2.35 (0.81-6.77) 115 3.66 (1.37-9.77) 010 3.67 (1.99-6.77) <.0001

Not insured 0.92 (0.21-4.01) 910
Facility type

Comprehensive Community Cancer Program  1.00 1.00 1.00

Academic/research program 0.42 (0.04-4.64) 477 0.53 (0.1-2.89) 462 052 (0.16-1.72) .284

Integrated Network Cancer Program 0.52 (0.06-4.22) 541 0.33 (0.07-1.58) .163  0.48 (0.16-1.39) 175
Charlson-Deyo score

0 1.00 1.00 1.00

| 2.25(0.7-7.21) 172 2.26 (0.78-6.52) 131 1.44 (0.69-3.01) 333

2 29.63 (6.16-142.6) <.0001 1.74 (0.42-7.24) 448

3 3.67 (1.12-12.05)  .032
Primary site

Carotid body 1.00

Intracranial 1.00 1.00 1.47 (0.45-4.83) .525

Cranial nerves® 0.67 (0.19-2.41) 539 0.94 (0.37-2.4) 903  0.75(0.18-3.14) 694

Skin, connective tissue, lymphatics 1.36 (0.53-3.51) 527

Pituitary, pineal, other endocrine 6.09 (1.84-20.11)  .003

Peripheral and autonomic nerves 1.74 (0.23-12.88) .589

Middle ear
Nasal cavity, nasopharynx, sinus
Oral cavity

139 (0.19-10.34) 751
447 (106-1897)  .042
203 (0.27-14.99) 489

(continued)
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Table 3. (continued)

Benign (n = 82)

Borderline (n = 182) Locally invasive (n = 212)

Variable HR (95% Cl) P value HR (95% ClI) P value HR (95% ClI) P value
Regional lymph node status

Negative 1.00

Positive 0.57 (0.13-2.45) 452
Distant metastasis status

Negative 1.00

Positive 3.55 (1.8-6.99) <.0001
Overall treatment

Surgery only 1.00 1.00 1.00

XRT only 1111 (1.33-92.52) .026 1.15 (0.31-4.25) .838 1.97 (0.88-4.41) .098

Chemotherapy only 2.6 (0.59-11.34) 204

Surgery and XRT 25.66 (2.28-288.31) .009 1.45 (0.39-5.36) 579 0.37 (0.15-0.92) .032

Surgery and chemotherapy 1.65 (0.22-12.45) .626

Radiation and chemotherapy 8.83 (2.51-31.04) .001

Active surveillance/no treatment 20.46 (2.33-179.53) .006 1.59 (0.43-5.87) 490  2.45 (0.97-6.18) .058
Margins

Negative 1.00

Positive 1.8 (0.71-4.58) 216

Abbreviations: HR, hazard ratio; XRT, radiation.

*Missing HRs indicate insufficient sample size for Cox proportional hazards model. P < .05 (bold) indicates statistical significance.

®Includes cranial nerves 1-VIIl and IX-XII.

p=.002

p < .0001
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Figure 2. Tumor size stratified by (A) tumor behavior and (B) presence or absence of distant metastasis. Mean comparison with t test. Line,
median; box, interquartile range; error bars, 95% ClI; circles/squares, outliers.

benign, borderline, and locally invasive tumors, respectively,
were alive at final follow-up. In the entire cohort, the multi-
variable Cox model identified age, insurance status, CCI
score, and tumor behavior to be independently associated
with survival. Patients with borderline HNP had a 3-fold
improvement in survival (aHR, 0.36; P = .001) when com-
pared with patients with locally invasive HNP (Supplemental
Table S1, available online).

Univariate analysis of the cohort stratified by local tumor
behavior revealed that, for each behavior group, unique sets
of subvariables were associated with OS (Table 3).
Multivariate models for OS were then created with a forward

stepwise procedure to select from variables evaluated in
the univariate analysis. In patients with benign tumors, age,
race, CCI score, and treatment modality were independently
associated with survival. Single-modality surgery was inde-
pendently associated with the lowest risk of death when com-
pared with surgery with adjuvant radiotherapy (aHR, 40.45;
P =.006) or active surveillance (aHR, 24.23; P = .008; Table
4). In patients with borderline tumors, patients with Medicare/
Medicaid insurance had worse survival (aHR, 4.76; P = .005)
than patients with private insurance. In patients with locally
invasive tumors, age, primary site, treatment modality, and
margins were independently associated with survival. As
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Table 4. Multivariate Factors Associated With Overall Survival in Head and Neck Paraganglioma.?

Benign (n = 82)

Borderline (n = 182)

Locally invasive (n = 212)

Variable aHR (95% Cl) P value aHR (95% Cl) P value aHR (95% Cl) P value
Age 1.09 (1.03-1.16) .004 1.07 (1.04-1.1) <.0001
Race
White
Black 6.04 (1.4-26.11) 016
Hispanic 21.23 (2.18-207.06) .009
Asian/Pacific Islander
Other/unknown
Primary payor
Private insurance 1.00
Medicare, Medicaid, other govt 4.76 (1.61-14.07) .005
Not insured
Charlson-Deyo score
0 1.00
| 4.63 (1.11-19.31) .035 1.68 (0.57-4.91) .346
2 55.17 (9.96-305.64) <.0001
3
Primary site
Carotid body 1.00
Intracranial 0.71 (0.14-3.6) .684
Cranial nerves® 1.28 (0.24-6.65) 772
Skin, connective tissue, lymphatics 2.44 (0.83-7.14) .105
Pituitary, pineal, other endocrine 26.13 (4.66-146.42) <.0001
Peripheral and autonomic nerves 1.32 (0.16-11.04) .798
Middle ear 4.33 (0.51-36.49) 177
Nasal cavity, nasopharynx, sinus 6.34 (1.3-30.94) .022
Oral cavity 0.5 (0.06-3.88) .506
Distant metastasis status
Negative 1.00
Positive 2.1 (0.93-4.76) .075
Overall treatment
Surgery only 1.00 1.00
Radiation only 6.99 (0.67-73.43) .105 1.2 (0.36-3.97) 769
Chemotherapy only 0.55 (0.06-4.96) .592
Surgery and XRT 40.45 (2.94-556.66) .006 0.31 (0.11-0.88) .027
Surgery and chemotherapy 5.17 (0.47-57.01) .180
XRT and chemotherapy 4.08 (0.84-19.87) .082
Active surveillance/no treatment 24.23 (2.3-255.72) .008 2.33 (0.63-8.6) .206
Margins
Negative 1.00
Positive 4.13 (1.41-12.05) 010

Abbreviations: aHR, adjusted hazard ratio; XRT, radiation.
Variables eligible for inclusion in multivariate model through forward stepwise selection: age, sex, race, primary payor, Charlson-Deyo score, primary site,
greatest tumor dimension, regional lymph node status, distant metastasis, overall treatment, and margins. Missing values indicate variables not included in
model or insufficient sample size for Cox proportional hazards model. Overall model: P <.0001. P <.05 (bold) indicates statistical significance.

b .
Includes cranial nerves I-VII and IX-XII.

compared with single-modality surgery, treatment with sur-
gery plus adjuvant radiotherapy was associated with a 3-fold
improvement in survival (aHR, 0.31; P =.027). Positive surgi-
cal margins were also associated with worse survival (aHR,

4.13; P=.01).

Trends in Treatment

Trends in treatment strategies from 2004 to 2016 demon-
strated that surgical management with or without additional
therapy declined for borderline HNP (trend P = .002) and

locally invasive HNP (trend P = .009; Figure 3A). Single-
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modality surgical therapy also declined for borderline disease
(trend P =.018; Figure 3B), while single-modality radiother-
apy increased in borderline HNP (trend P = .008; Figure
3C). Adjuvant radiotherapy declined over time in locally
invasive HNP (trend P = .004; Figure 3D).

Discussion

The purpose of this study was to explore the prognostic value
of local tumor behavior in the management of HNP. In the
unstratified cohort, we found that /CD-O-3 classification of
tumor behavior was independently associated with survival
and evenly distributed within the cohort and exhibited a plau-
sible biological association with tumor outcomes. Further
analysis revealed that locally invasive tumors pose a higher
risk to patients and are optimally treated with more aggressive
therapies. While the lack of a standardized tumor behavior
classification system has limited the findings in the current
study, the clinically meaningful differences that we identified
among behavior groups highlight a promising avenue through
which future investigations can develop a more robust risk-
stratification system for HNP.

Given that previous studies failed to identify histopatholo-
gic and radiologic features associated with malignancy,***
this study sought to ask whether local tumor behavior can be
correlated with survival outcomes. With malignancy rates
around 10%, it is very difficult to power a study to identify
differences between benign and malignant disease, especially
for such a rare tumor entity. We attempted to mitigate the low
statistical power by using a large national database and by

focusing on a more prevalent tumor feature. Local tumor
behavior can also be readily evaluated via histopathology and
radiology. Although histopathology cannot be used to predict
malignancy for HNP, 233 it is still useful when evaluating
local invasion.**-** Similarly, HNP can be characterized on
imaging, as they can be readily identified by their “‘salt and
pepper”” appearance.’>>’ Several radiologic investigations
have demonstrated that positron emission tomography/com-
puted tomography, both DOTATATE and F-18 fluorodeoxy-
glucose, can detect HNP, identify metastatic spread, and
characterize invasion into adjacent structures.>®*° While it is
difficult to define strict behavior classification criteria
through our current analysis, our data emphasize that there is
a spectrum of risk associated with HNP that can be meaning-
fully stratified through a system of histopathologic and radi-
ologically defined local tumor behavior.

We found that 43% of patients with locally invasive HNP
had metastatic spread to RLNs. Interestingly, this regional
metastasis was not associated with worse survival for locally
invasive tumors (P = .452). Javidiparsijani et al identified a
surprisingly high rate of RLN metastasis but noted that these
tumors had a favorable short-term clinical course. The authors
concluded that HNP metastasis to RLNs may have indolent
clinical behavior with disease-free survival of up to 11
years.*! Upon closer inspection of our cohort, we see that sur-
gical treatment of HNP typically did not involve lymphade-
nectomy (75.4%; Table 1). When it was performed, half
of patients (49.6%) had <5 lymph nodes examined
(Supplemental Table S2, available online), which may not be
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sensitive enough to identify regional spread in all individuals.
The inadequacy in lymph node sampling is particularly evi-
dent when we consider that among patients with distant meta-
static spread, 16.7% had negative-sampled RLNs and 66.7%
did not undergo lymphadenectomy (Supplemental Table S3).
Therefore, there may be a high degree of unmeasured regional
spread that is masking the association between regional
metastasis and survival. Nonetheless, the high prevalence of
regional metastasis among individuals with locally invasive
tumors emphasizes the increased risk that these patients may
face.

For locally invasive tumors, surgical resection with adju-
vant radiation was independently associated with survival
when compared with surgical resection alone, while control-
ling for age, primary site of tumor, distant metastasis, and pos-
itive surgical margins. Radiation is often employed if initial
surgical resection results in inadequate disease control.*?
Adjuvant radiation may have provided therapeutic benefit for
locally invasive HNP due to their high concordance with
regional metastasis. More robust lymph node sampling may
provide a clearer indication for which patients would benefit
from adjuvant therapy, as it does for other head and neck
malignancies.

For benign HNP, single-modality surgical excision was
associated with 40- and 24-fold improved survival relative to
surgery with adjuvant radiotherapy and active surveillance,
respectively. This finding could be an artifact of sample size
or may represent unmeasured differences in baseline disease
characteristics among treatment groups. Nonetheless, we sus-
pect that these findings represent a tradeoff between treatment
and disease-related morbidity. One study indicated that while
combined surgery and radiotherapy provided better local con-
trol, they led to higher rates of complications when compared
with surgery alone.*> With regard to active surveillance, a
study of 43 patients revealed that 42% of tumors remained
stable and 38% grew larger over 5 years.** A separate report
noted that 30% of patients developed new cranial nerve defi-
cits secondary to tumor progression over 3 years of conserva-
tive management.*> Due to the limited information available
in the NCDB, we were unable to determine treatment-related
morbidity and its relationship with mortality. Our findings
imply that the optimal management of benign HNP falls
between the spectrum of active surveillance and multimodal
therapy. Furthermore, in contrast to locally invasive tumors
that benefit from multimodal therapy, benign HNP are associ-
ated with improved survival and therefore can tolerate some
degree of therapeutic de-escalation.

Consistent with previous literature, we identified the caro-
tid body as the most common anatomic site for HNP,>*4!:46
The next-most common HNP sites were found intracranially.
Although head and neck surgeons do not typically manage
intracranial tumors, the majority of the intracranial HNP iden-
tified in the literature and in this study occurred along the
skull base and therefore have relevance to otolaryngologists’
scope of practice.*” All 177 carotid body tumors were exclu-
sively coded as locally invasive in behavior, with 13% metas-
tasizing to distant sites. In contrast, intracranial and cranial

nerve HNP were more likely to be coded as benign or border-
line, with just 2.5% metastasizing to distant sites. Based on
the results from the current study, anatomic site may influence
a clinician’s pretest probability of severe disease; however,
anatomic site alone may not be sufficient to predict clinical
course given that it is not associated with survival.

Similar to previous studies,****° we found that HNP were
more common in women and increased with each decade
above age 40 years. In addition, patients with locally invasive
tumors were significantly younger than those with benign
HNP (49 vs 56 years; Table 1). Similarly, 1 study stated that
among 223 patients with pathologically confirmed paragan-
glioma, the age at presentation for malignant paraganglioma
was significantly younger than that for benign paraganglioma
(43 vs 49 years).>® This finding may be driven by an earlier
onset of clinical symptoms by more aggressive tumors or by
the fact that hereditary cases tend to present earlier in life.*!

For borderline HNP, Medicare/Medicaid insurance was
associated with a nearly 5-fold decrease in OS vs private
insurance. This observation has been noted in several other
head and neck cancer studies.’’ Patients with Medicare/
Medicaid are more likely to present with more advanced
tumors>>>> and seek care at nonteaching or rural medical cen-
ters.>>* A separate study revealed that Medicare Advantage
health plans, held by one-third of all Medicare beneficiaries
nationally, limit utilization of specialists and access to high-
volume centers.”> The disparities presented in these studies
may play an even larger role in a rare disease entity such as
HNP, as reflected in our findings.

This investigation is not without limitations. In generating
a broad risk-stratification model with a cohort with tremen-
dous heterogeneity, there is a risk that the findings will not be
generalizable to specific HNP sites. Inclusion of the primary
tumor site in the multivariate analysis for locally invasive
tumors, however, does suggest that HNP pathology related to
local tumor behavior may be similar across anatomic sites.
Next, our use of the NCDB relies on accurate /CD-0O-3 coding
by physicians, cancer registrars, and other health care staff
and is susceptible to misclassification bias. Moreover, without
a standardized /CD-O-3 behavior classification system, it is
possible that the behavior groups analyzed in this study are
not mutually exclusive. The retrospective design of the study
also limited the conclusions that we could draw from this sur-
vival analysis. Without clinical data from follow-up appoint-
ments, it is difficult to determine whether mortality in patients
is due to HNP or unrelated comorbidities. Finally, the treat-
ment facility types identified in this study indicate that the
patient cohort may be skewed toward representation of large
academic centers as opposed to smaller community hospitals.

Conclusion

In summary, we have presented evidence that HNP local
behavior can meaningfully risk-stratify cases. We found that,
as compared with benign tumors, locally invasive tumors are
associated with diminished survival, presumably due to
higher rates of regional and distant metastasis. We suspect
that this greater risk underlies the observed survival benefit of
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surgery with adjuvant radiotherapy for locally invasive
tumors. While the current study fell short of defining criteria
for tumor behavior groups, we highlighted the clinical utility
of such a classification system and presented a framework
through which future histopathologic and radiologic studies
can standardize the measurement of this clinical feature.
Ultimately, improved understanding of HNP behavioral phe-
notypes will aid in the development of more consistent and
efficacious therapeutic guidelines.
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