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Abstract

Objectives—The patterns of care for salivary gland adenoid cystic carcinomas (ACC) is
unknown. We sought to assess predictors of receiving postoperative radiation and/or chemotherapy
for patients with non-metastatic, definitively resected ACC, as well as report unexpected nodal
disease.

Methods—The National Cancer Data Base was queried for definitively resected non-metastatic
ACC from 2004 to 2014. Logistic regression, Kaplan-Meier, and Cox proportional-hazard models
were utilized. Propensity-score matched (PSM) analysis was employed to reduce confounding
variables.

Results—3,136 patients met entry criteria: 2,252 (71.8%) received postoperative radiation with
223 (7.4%) also receiving concurrent chemotherapy. Median follow up was 4.87 years. In cNO
patients, 7.4% had pN+ after elective neck dissection. Patients who lived closer to their treatment
facility and had positive margins were more likely to receive postoperative radiation. Black
patients and uninsured patients were less likely to receive radiation. Older age, male sex,
advancing stage, and positive surgical margins were associated with worse OS. With limited
follow-up, receipt of radiation or chemotherapy was not associated with overall survival (OS).
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Conclusion—Postoperative radiation was frequently given for resected ACC with a minority
receiving chemotherapy. Black patients and uninsured patients were less likely to receive
radiation. Postoperative radiation and/or chemotherapy had no association with OS but was given
more frequently in more advanced disease, and our series is limited by short follow-up. The
disparity findings for this rare disease need to be addressed in future studies.
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INTRODUCTION

Adenoid cystic carcinomas (ACC) represent approximately 10% of salivary gland tumors
and less than 1% of all head and neck tumorsl=3, Given its rarity, the optimal management
of non-metastatic ACC has been influenced by retrospective reviews from large centers
rather than randomized trials*=’. ACC grow relatively slowly compared to other head and
neck cancers, have lower risk of lymph node metastases, and have high-propensity for
perineural invasion3.78, ACC have a tendency for hematogenous spread at early stages,
mostly to the lungs, liver, and bones3. Chemotherapy has been investigated but low response
rates have been disappointing®. The standard therapy for localized disease is surgical
resection followed by adjuvant radiotherapy®-710:11,

Current National Comprehensive Cancer Network (NCCN) guidelines state that
postoperative radiotherapy should be “considered” for completely resected ACC and is
recommended for patients with positive margins'2. Given the lack of clarity in national
guidelines for postoperative radiation, the low prevalence of the disease, and to further
understand practice patterns of adjuvant therapy in the United States (US), we used the
National Cancer Data Base (NCDB) to identify a large cohort of patients with non-
metastatic salivary gland ACC who underwent definitive primary surgical resection. Our
primary goal was to identify demographic, tumor, and treatment related factors associated
with the receipt of postoperative radiation or chemotherapy. Secondarily we sought to
determine the rate of unexpected positive nodal disease in patients who were clinically node
negative before an elective neck dissection.

METHODS

Patient Selection

The NCDB is a database capturing cases at Commission on Cancer accredited facilities
within the United States. The database catalogs 70% of newly diagnosed malignancies and
includes detailed demographic, socioeconomic, disease, surgical and radiation treatment
details in addition to OS outcomes.

The salivary gland NCDB file was queried for patients diagnosed between 2004 and 2014.
Our inclusion criteria included only patients with non-metastatic ACC. We excluded patients
who did not receive definitive upfront surgery, patients with incomplete treatment records,
and patients who had a previously diagnosed malignancy (Figure 1). Staging was done per
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the American Joint Committee on Cancer 7" Edition guidelines!3. The following patient
characteristics were examined: age, sex, race (white, black, and other), insurance status (not
insured, Medicaid/Medicare, and private), co-morbidities as quantified by the Charlson-
Deyo Scorel415 county of residence (urban, rural, or metro as defined by the US Census
Bureau), percentage of residents without a high school degree in patient’s census tract (<14,
14-19.9, 20-28.9, and =29% quartiles), median income of patient’s census tract (<30,000,
30,000-35,999, 36,000-45,999, and =46,000 dollars as determined by the American
Community Survey), and the distance from patient’s census tract to treatment facility (<10
miles, 10-50 miles, and >50 miles). The following tumor characteristics were examined:
primary site (parotid, palate, submandibular, sublingual, and not specified), clinical lymph
node positivity (cNO, cN+, ctNX, and missing), pathological T stage, pathological N stage,
and pathological overall stage. The following treatment characteristics were examined: time
from diagnosis to definitive resection (0—3 months, 3—-6 months, >6 months), treatment
center case volume (high vs. low as defined using the 80™ percentile for the number of cases
treated at each facility), surgical margins (positive or negative), receipt of adjuvant radiation
(yes or no), receipt of adjuvant chemotherapy (yes or no), treatment facility type
(community cancer center, academic cancer center, comprehensive community cancer
center), and facility location (northeast, south, Midwest, and west). Age was evaluated as a
continuous variable after it was determined it had a linear effect on OS.

Statistical Methods

All statistics were computed using SAS software version 9.4 (Cary, NC) and SAS macros?.
Univariable and multivariable logistic regression models were fit to each patient, tumor, and
treatment variable to determine predictors of receiving adjuvant radiation and adjuvant
chemotherapy. The collinearity of among all variables was checked by removing any
variance inflation factors greater than ten. Given the high collinearity of clinical node
positivity, pathological T, N, and overall stage, only pathological stage was incorporated in
multivariable models, otherwise any significant variable from univariable analysis was
included in the multivariable analysis. ANOVA testing was done to compare radiation
dosing amongst age cohorts, race cohorts, and treatment facility cohorts. Separate
univariable and multivariable analyses were performed to determine factors associated with
positive margins at surgery. OS was defined as months from diagnosis to death or last follow
up. Univariable and multivariable Cox proportional hazard models for OS were generated.
Kaplan-Meier curves were generated for OS for the entire cohort stratified by adjuvant
therapy, with comparisons using log-rank tests. Propensity score-matching was utilized to
reduce treatment selection bias; a logistic regression model for predicting receipt of adjuvant
radiation was carried out to estimate the propensity score of all covariates. All variables that
were associated with OS were included in the propensity-matched analysis. Patients were
then matched 1:1 based on propensity score using a greedy 5-1-digit match algorithm17,
where a patient receiving radiation were matched to a patient not receiving radiation over the
set of variables detailed above. Once a match was made, no additional matching was
considered. After matching, the balance of the two groups was evaluated by standardized
differences with values <0.1 considered negligible8. The OS effect in the matched sample
was estimated using a Cox model with a robust variance estimator1®20, For all analyses a
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p<0.05 was considered statistically significant. For each survival model, the proportional
hazard assumption was assessed.

RESULTS

Patient Characteristics

A total of 3,136 patients met entry criteria (Figure 1), with 607 (19.7%) pathological stage I,
583 (18.9%) pathological stage 11, 515 (16.7%) pathological stage 111, and 1,431 (44.7%)
pathological stage I'VA/IVB. The median follow-up time was 4.87 years (range 0.34 to 11.88
years). Table 1 summarizes the remaining characteristics of our population.

Predictors of Receiving Adjuvant Radiation

A total of 2,252 (71.8%) patients received adjuvant radiation. The median total dose was
64.0 Gy (range 45.0 Gy to 66.6 Gy), 1,982 (88.0%) patients were treated with intensity-
modulated radiation techniques, and 64 patients (2.8%) received neutron radiotherapy.
Median radiation doses did not differ amongst age, race, and treatment facility (all p>0.52).
On univariable analysis, younger patients, privately insured patients, patient’s living in a zip
code <50 miles from their treatment facility, parotid gland tumors, clinically node positive
tumors, positive surgical margins, patients receiving chemotherapy, and advancing
pathological T, N, and overall stage tumors were more likely to receive adjuvant radiation
while black patients, patients living in a lower-educated census tract, and patients treated in
the south were less likely to receive radiation (Table 2). On multivariable analysis patient’s
living in a zip code <10 miles from their treatment facility (OR=1.76, 95%CI: 1.27-2.45),
pathological stage 111 (OR=1.77, 95%CIl: 1.26-2.50) or stage IVA/B (OR=2.06, 95%Cl:
1.48-2.88) patients, patients with positive margins (OR=1.71, 95%Cl: 1.34-2.17), and
patients receiving chemotherapy (OR=20.31, 95%CIl: 4.94-83.49) were more likely to
receive radiation while black patients (OR=0.66, 95%CI: 0.46—-0.95), uninsured patients
(OR=0.52, 95%CI: 0.30-0.89), younger patients (OR=0.97, 95%ClI: 0.96-0.98) and palate
primary tumors (OR=0.51, 95%CI: 0.37-0.72) compared to parotid primary tumors were
less likely to receive radiation (Table 2).

Predictors of Receiving Adjuvant Chemotherapy

A total of 223 (7.4%) patients received adjuvant chemotherapy. On univariable analysis,
male patients, younger patients, patients with clinically positive lymph nodes, patients
treated in the northeast, patients treated at a high-volume center, positive surgical margins,
patients receiving adjuvant radiation, patients treated at an academic center, and advancing
T, N, and overall pathological stage were associated with receipt of chemotherapy
(Supplemental Table 1). On multivariable analysis, patients with pathological stage I11
(OR=3.19, 95%Cl: 1.42-7.21) or stage IVA/IVB (OR=7.66, 95%Cl: 3.59-16.37) tumors,
patients with positive surgical margins (OR=1.70, 95%CIl: 1.14-2.54), and patients receiving
adjuvant radiation (OR=17.81, 95%CIl: 4.34-73.04) were more likely to receive adjuvant
chemotherapy while patient’s who lived in an urban census tract were less likely to receive
adjuvant chemotherapy (OR=0.18, 95%CI: 0.06-0.54) (Supplemental Table 1).
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Clinical Nodal Status Relationship to Pathological Nodal Status

A total of 194 (6.4%) patients were reported clinically node positive prior to resection. Of
these, 170 patients underwent a neck dissection with 139 (81.8%) being pathologically node
positive. No information is reported as to why 24 clinically node positive patients did not
receive a neck dissection. A total of 2,059 (67.4%) patients were reported clinically node
negative prior to resection: 747 (36.3%) patients did not undergo a neck dissection and 1,312
(63.7%) underwent a neck dissection. Of the patients who had a neck dissection, 98 (7.5%)
had unexpected pathologically positive nodes, with the rest having a negative neck.

Predictors of Positive Margin at the Time of Surgery

A total of 1,365 (46.2%) patients had positive margins after surgery, 625 (50.0%) patients
with parotid tumors, 433 (40.9%) patients with submandibular tumors, 246 (43.1%) patients
with palate tumors, 52 (47.2%) patients with sublingual tumors, and 9 patients with
unknown site tumors. On univariable analysis, non-black or Caucasian patients, having
clinically positively nodes pre-operatively, advancing T, N, and overall pathological stage,
and resection within 3 months of diagnosis were associated with positive margins (Table 3).
On multivariable analysis, advancing stage was associated with positive margins, with stage
I1 (OR=1.76, 95%CI: 1.33-2.31), stage Il (OR=2.96, 95%Cl: 2.22-3.93), and stage
IVA/IVB (OR=3.57, 95%Cl: 2.72-4.70) patients more likely to have positive margins than
stage | patients. Additionally, delay from diagnosis to surgery more than 3 months
(OR=1.36, 95%CI: 1.09-1.68) was associated with positive margins at surgery (Table 3).

Factors Influencing Overall Survival

On unadjusted Kaplan-Meier analysis, the 5-year OS rate for patients receiving adjuvant
radiation was 82.7% (95%CI: 80.7%—-84.4%) compared to 78.3% (74.7%-81.4%) for those
that did not receive adjuvant radiation (p=0.08).

On univariable analysis, older age, male sex, patients with clinically positive nodes before
surgery, patients with non-Medicaid/Medicare insurance, patients with advancing
pathological T, N, and overall stage, patients with positive surgical margins, patients
receiving adjuvant chemotherapy, patients treated at a comprehensive community cancer
center (versus academic center), and patients treated in the south were associated with worse
OS while patients with improved comorbidity status with a Charlson-Deyo score of 0 and
patients living between 10-50 miles from their treatment facility were associated with
improved OS (Supplemental Table 2). Receipt of adjuvant radiation had a non-significant
trend for improved OS in this model (p=0.08). On multivariable analysis, older age
(HR=1.03, 95%CI: 1.02-1.04), male sex (HR=1.27, 95%ClI: 1.03-1.56), advancing
pathological tumor stage, positive surgical margins (HR=1.24, 95%Cl: 1.01-1.53), and
treatment facility located in the south (HR=1.48, 95%CI: 2.02) were associated with worse
OS while having private insurance (HR=0.67, 95%CI: 0.51-0.89) and lower comorbidities
with a Charlson-Deyo score of 0 (HR=0.72, 95%Cl: 0.56-0.94) were associated with
improved OS (Supplemental Table 2). Receipt of adjuvant radiation had no statistical
association with OS (p=0.57).
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As patients who received adjuvant radiation were more likely to have positive surgical
margins and more advanced tumors, propensity-score matched analysis was conducted.
After balancing for patient, tumor, and treatment characteristics that were associated with
0S, 376 patients who received adjuvant radiation were matched to 376 who did not. Receipt
of adjuvant radiation was not associated with OS on PSM (HR=0.90, 95%CI: 0.65-1.23).

DISCUSSION

Our series is the largest in the literature examining patterns of postoperative therapy and
survival outcomes for non-metastatic salivary gland ACC. Among 3,136 patients, the
majority (71.8%) received adjuvant radiation with a minority (7.4%) receiving adjuvant
chemotherapy. Patients who lived closer to their treatment facility, had positive surgical
margins, and had more advanced tumors were more likely to receive postoperative radiation
while younger patients, black patients, and uninsured patients were less likely to receive
adjuvant radiation. We report a 7.5% neck node positive rate in patients who were clinically
node negative undergoing an elective neck dissection. Our series also confirmed known
factors that influence overall survival in head and neck cancers including age, sex,
comorbidity status, extent of resection, and tumor stage 7:10:1321-23 nterestingly in this
analysis we found that patients with private insurance and patients living closer to their
treatment facility had improved OS, perhaps owing to improved access to care. In our series,
with limited follow-up, the receipt of adjuvant radiation or chemotherapy was not associated
with improved OS.

Surgery is the mainstay of therapy for resectable ACC, with a neck dissection only to be
performed in patients with clinically positive nodes31924, Historically, the incidence of
lymph node involvement for ACC was thought to be low2>, but more recent international
collaboration efforts have seen positive neck lymph node rates of 15-30%, dependent on
stage’+22:26.27_Qur series, which represents the largest collection of patients with definitively
treated ACC, found that 2,209 patients (70.4%) underwent neck dissection. We found that
194 patients (6.4%) had clinically positive nodes prior to resection, and 139 (81.8%) of
those undergoing a neck dissection had confirmed pathological disease in the nodes. Our
series lower rates of clinical node positivity is congruent with historical reports2> but
contrary to recent international studies?8, perhaps owing to our patient population
representing a much larger sample of the cancer community in the United States. Our series
also reports that 7.5% of patients had unexpected pathologically positive nodes at the time of
elective neck dissection. This information may help guide the use of elective neck
dissections for this rare disease.

Locoregional control rates with surgery alone are reported between 30-70%, with a wide
range related to the rarity of the disease and mostly single-institution publications-3-5,
Given these results, postoperative radiation is frequently administered, mostly based on
retrospective single institution evidence, with most series reporting a 20-30% locoregional
control benefit at 10 years123:28, Qur series confirms that postoperative radiation is
frequently given in the US as 71.8% of patients in our series received adjuvant radiation.
Despite a benefit of conventional adjuvant radiation for locoregional disease control, the
impact of radiation on OS is less clear. ACC can recur many Yyears after initial treatment, and
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thus long-term survival estimates can be challenging®’. Many of the single-institution series
that found a locoregional control benefit to radiation subsequently found no differences in
survivall:22:2329 There was no OS benefit to adjuvant radiation in our series, even when
balancing for patient, tumor, and treatment factors. However, the NCDB is limited in
endpoint reporting and the median follow up in our series was 4.87 years which may not be
long enough to witness a benefit to postoperative therapy for ACC, which have a long
natural history. We cannot comment on a local or regional disease control benefit to
postoperative radiation.

The role of chemotherapy in resected ACC is unclear, with most literature estimates
indicating response rates between 0 to 29%?9, with one recent review found that in eight
separate studies involving a total of 151 patients, there were no complete responses and one
partial response to chemotherapy3. The low response rates to cytotoxic therapy have been
attributed to the slow growth kinetics of ACC2. Given the lack of published prospective trials
with systemic therapy, generally chemotherapy is reserved for palliation of symptomatic
metastases or rapidly progressing disease if not a candidate for other therapies312. Our
series representing approximately 70% of all nationwide malignancy diagnoses, found that
7.4% of patients received postoperative chemotherapy, with more advanced disease and
positive margins associated with its delivery. There was no OS benefit to adjuvant
chemotherapy, and in fact its receipt was associated with an OS detriment in our series
(HR=1.48, 95%CIl: 1.05-2.09), likely related to unfavorable patient selection. Taken
together, there does not currently appear to be a role of adjuvant chemotherapy in resected
ACC. The enrolling prospective randomized trial RTOG 1008, comparing adjuvant
concurrent chemoradiation versus adjuvant radiation alone, in resected high-risk salivary
gland tumors (including ACC), will hopefully answer this question in the future3°.

Our series confirmed known prognostic factors with ACC. Male sex (HR=1.27, 95%Cl:
1.03-1.56) was associated with worse OS, in line with Surveillance, Epidemiology, and End
Results (SEER) reports for ACC?L. Patients with less medical comorbidities, delineated with
a Charlson-Deyo score of 0 (HR=0.72, 95%CI: 0.56-0.94) had improved OS, further
validating these indices#15. Positive surgical margins (HR=1.24 95%Cl: 1.01-1.53) was
associated with worse OS, congruent with previously published ACC reports as well as in
other head and neck subsites®21-2329.31 and this series provides the largest assessment of
surgical margins by ACC subsite. More advanced pathological stage was also associated
with worse OS in our series, confirming the accuracy of the modern staging system for this
rare diseasel3. On multivariable analysis, advancing stage was found to be associated with
positive resection margins. Our series also found socioeconomic and demographic factors
related to OS. Patients with private insurance had improved OS. This benefit is possibly
related to access to healthcare, known to be important in clinical outcomes for many cancer
subsites32-36,

This study has several strengths and limitations. The strengths include the largest number of
resected non-metastatic head and neck ACC of any study to date, all treated in the modern
era. Our series provides the most comprehensive examination of postoperative practice
patterns in the US, with almost two-thirds of patients receiving adjuvant radiation and a
small number receiving chemotherapy. We also report unexpected lymph node positivity in
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7.5% patients with clinically negative necks, which may help guide surgical management.
Half of the patients in our series had their therapy at an academic center. However, like other
studies using registries, the NCDB does not capture all variables. We do not have
information on disease-specific control, including locoregional outcomes. We did not find an
OS bhenefit to adjuvant radiation, but there may be a disease-control benefit that our data did
not allow us to investigate. Additionally, as ACC can recur many years after initial resection,
our median follow-up time of 4.87 years is likely not long enough to assess survival
outcomes. Perineural invasion and solid tumor histology, both known to be associated with
worse outcomes in ACC1437  are not captured in the NCDB and there may be potential
imbalance of these factors in our series. The NCDB does not include patients treated at non-
Commission on Cancer accredited sites, which may have different practice patterns. This
series cannot comment on the impact of neutron therapy. The NCDB records detailed
surgical and radiation information, but the information on chemotherapy types, number of
cycles, and compliance is not available. Treatment toxicity information is not available, so
short or long-term morbidity from therapy cannot be assessed.

CONCLUSION

In this analysis, 71.8% of resected non-metastatic salivary gland ACC receive adjuvant
radiation with 7.4% of cases receiving adjuvant chemotherapy. Patients receiving adjuvant
radiation or adjuvant chemoradiation were more likely to have more advanced disease and
positive surgical margins. Black patients and patients living far away from their treatment
facility were less likely to receive adjuvant radiation. Receipt of adjuvant radiation, with or
without chemotherapy, had no statistical association with OS, which is limited by a median
follow up of 4.87 years. This series cannot comment on locoregional control outcomes. The
rate of unexpected nodal disease after elective neck dissection was 7.5%. Among other
variables, several socioeconomic factors influenced survival as patients with private
insurance and patients who lived closer to their treatment facility had improved OS while
male patients and patients treated in the southern US had worse OS. This information further
needs to be investigated and addressed by the oncologic community for this rare disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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The Consolidated Standards of Reporting Trials (CONSORT) diagram of patients with non-
metastatic resected salivary gland adenoid cystic carcinomas in the National Cancer Data

Base.
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Table 1

Page 12

Summary of patient, tumor, and treatment characteristics of all 3,136 patients with definitively resected non-
metastatic adenoid cystic carcinomas of salivary gland origin.

Variable

Level

N (%)

Patient Characteristics

Age (years)

Median (range)

55.8 (18.1 - 90.0)

Sex Male 1,286 (41.0)
Female 1,850 (59.0)

Race White 2,507 (79.9)
Black 348 (11.1)
Other 281 (9.0)

Insurance Status Not Insured 229 (7.3)
Medicaid/Medicare 1,125 (35.9)
Private 1,782 (56.8)

Charlson-Deyo Comorbidity Score 0 2,764 (88.1)
1+ 372 (11.9)

County of Residence Metro 2,494 (82.5)
Urban 459 (15.2)
Rural 69 (2.3)
Missing 114

Percentage of Patient’s Census Tract without a High-School Degree <14% 1,176 (39.0)

(quartiles)
14-19.9% 723 (24.0)
20-28.9% 643 (21.3)
>29% 473 (15.7)
Missing 121

Median Income of Patient’s Census Tract < $30,000 357 (11.8)
$30,000 — $35,999 509 (16.9)
$36,000 — %45,999 825 (27.4)
>$46,000 1,324 (43.9)
Missing 121

Distance from patient’s census tract to treatment facility <10 miles 1,298 (42.0)
10-50 miles 1,256 (40.6)
>50 miles 540 (17.5)
Missing 42

Tumor Characteristics

Primary Site Parotid Gland 1,249 (39.8)
Palate 571 (18.2)
Submandibular Gland 1,057 (33.7)
Sublingual Gland 110 (3.5)
Not Specified 149 (4.8)
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Variable Level N (%)
Clinical Nodal Status cN+ 194 (6.4)
cNO 2,059 (67.4)
eNX 801 (26.2)
Missing 82

Pathological T Stage T1 779 (25.4)
T2 760 (24.8)
T3 575 (18.7)
T4a/T4b 956 (31.1)
Missing 66

Pathological N Stage No Neck Dissection Done 809 (26.8)
NO 1,855 (61.5)
N+ 354 (11.7)
Missing 118

Overall Pathological Stage | 607 (19.7)
I 583 (18.9)
1T 515 (16.7)
IVA/IVB 1,374 (44.7)
Missing 57

Treatment Characteristics

Time from diagnosis to definitive resection 0-3 months 1,857 (60.2)
3-6 months 184 (6.0)
>6 months 1,044 (33.8)
Missing 51

Surgical Margins Positive 1,365 (46.2)
Negative 1,591 (53.8)
Missing 180

Receipt of Adjuvant Radiotherapy Yes 2,252 (71.8)
No 884 (28.2)

Receipt of Adjuvant Chemotherapy Yes 223 (7.4)
No 2,779 (92.6)
Missing 134

Treatment Center Case Volume High 2,076 (66.2)
Low 1,060 (33.8)

Treatment Facility Type Community Cancer Center 495 (18.7_
Academic Cancer Center 1,317 (49.7)
Comprehensive Community Cancer 837 (31.6)
Center
Missing 487

Treatment Facility Location Northeast 544 (20.5)
South 927 (35.0)
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Variable Level N (%)
Midwest 697 (26.3)
West 481 (18.2)
Missing 487

Laryngoscope. Author manuscript; available in PMC 2020 February 01.



Page 15

Cassidy et al.

100> (Srz-LeT)9L'T T00 (L9T-20T) ¥E'T S9|lW 0TS AJj1oe) Juswieas] 03 J9BJ1 SNSUa s Jualred woly sdueIsIg
- - - 000'9%$ =
- - 80 (Sz'1-v8'0) 20'T 666'S¥$ — 000'9€$
- - 920 (0T'1-0L'0) 88°0 666'GE$ — 000°0E$
- - €10 (90'7-€9°0) 280 000'0€$ > 108. 1 SNSUD S, U31IEd JO BUWI0DU] URIPSIN
- - ¥0'0 (86'0-19'0) 82°0 %62
- - €70 (FT'1-€L°0) 16'0 %6'82-02
- - 150 (ST'1T-5L'0) €6°0 %6 '6T-T
- - - %vT> | (sajnuenb) aaufe@ |00yaS-yBiH B INOYIM 10RIL SNSUSD S,Judlted JO abejuadiad
-- -- -- -- leiny
- - 1440) (r1'2-2L0) ¥2'T Uequn
- - 0 (0T'Z-v2.0)ST'T ET 32UapISay JO AlUNo)D
. N _ _ +1
-- -- 900 (65'1-66'0) GZ'T 0 81025 AlIp1gIowo) 0Asg-uos|ieyD
1.0 (ev'1-8L°0) 90'T 100> (66'T-€¥'T) 69'T aleAlld
- - - 3IBDIPBIN/PIEIIPBIA
200 (68'0-0€0) 250 0€0 (T9'7-98°0) 8T'T painsul 10N SNIe)S doUBINSU|
680 (6v'1-29'0) 96°0 €20 (09'1-68'0) 6T'T Yo
200 (56'0-9v'0) 99°0 200 (96'0-65'0) 92°0 xoelg
- - - - SHUM aoey
-- - -- - aewa
- - [£40] (0£'1-v6'0) TT'T 3leN N
100> (86'0-96'0) L6'0 100> (66'0-26'0) 86°0 (ebuey) uelpsN (sreaf) aby
SaNSLIBBIBYD JUSIES
aneAd | (10 %Se) 01red sSppO | anfeAd | (1D %G6) 01red SpPO pro a|celep
SsAleuy ajgerreAninin ssAfuUY a|qeI/eAluN
"uoI1199sal

aAIIULBP Ja)e uonelpes ueAnlpe BUIAId8S YIIM UOIRIDOSSE I3y) PUe S10108) UsLLILal) pue ‘Jown) quaied [[e o SISA[eur a|geLIBAINW PUR S|qeLIBAIuN

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript Author Manuscript

Laryngoscope. Author manuscript; available in PMC 2020 February 01.



Page 16

Cassidy et al.

.. .. .. .. oN
100> (67°€8-16'%) T€°0C 100> (Lry1-92¥) 68'L SOA Adessipowsyd ueanipy jo 1disosy
-- - -- - aniebaN
100> (Tzven) LT 100> (ov'z-T2'1) €0°C aAIISOd suibre [ea16ing
-- -- -- -- Ssyjuow 9<
- - €T0 (te'1-21°0) 00 sypuow 9-¢
-- -- 10 (02'1-92°0) S50 syuow €—0 U0I19353J dAIIIULBP 0} SIsoubelp woly awil
SINSIIBBIBYD JUSLIBEL|
100> (88'2-8v'T) 90'C 100> (€52-19T) S6'T AAINVAL
100> (05'2-921) LL'T 100> (#9'2-15'T) 00'C i
670 (59'1-06'0) 22T 010 (65'1-96'0) ¥2'T Il
- - - - | abeis [ea1bojoyred |[eIanO
- - 100> (L'z-9e'T) €8T +N
- - - - ON afels N [eatbojoured
- - 100> (9T'2-€€T) 69T aylrevl
- - 100> (ov'z-v'1) 981 €L
- - 100> (LLT-€TT) TH'T AN
- - - - TL abels 1 [ea1bojoured
. N . N oN
- - 100> (€L'7-92T) 8T SOA (A1861ns o[ 1011d) 8ASOd 8pON ydwAT Ajreatuno
800 (S0'1-2€°0) 29°0 100> (98'0-2¥'0) 09°0 pay10ads 10N
100 (#0'T-¥€'0) 65°0 ¥0'0 (26'0-21°0) ¥9°0 pue|o [enburians
190 (6€'1-28°0) L0'T 44} (LE'T-€6'0) €T'T pue[9 Je|nqipuewgng
100> (z2'0-2€0) 150 100> (22°0-05'0) 29'0 aleled
- - - - pue|S proted ans Arewnid
SansLIgoRIRYD Jown
- - - - sa|IW 0G<
110 (8L'1-¥6'0) 0E'T ¥0'0 (25'1-10'T) 92'T s9llw 0S-0T
aneAd | (1D %S6) 01redsppO | anfeA-d | (1D %S6) o1rey sppo PR a|qelren

SSARUY 3|qel AN

sisAeuy a|celeAlun

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

Laryngoscope. Author manuscript; available in PMC 2020 February 01.



Page 17

Cassidy et al.

abels [[esano [eaiBojoyred yum Asesur]jod ybiy J1ay) 01 anp [SpOW S|geLIBARNW 3Y3 Ul PapN|oUl Jou a1am abels N pue | [edibojoyred ‘Alanisod apou [eaiulfo ‘alou JO
x

9ouBdIIUBIS [RINISINRIS SAIEdIPUI Plog

[eAJBIU| B2UBPIUOD = |D

- - - - 1S9\

650 (0£'7-€9°0) 06°0 L0°0 (¢0'1-09°0) 820 1SMPIN

920 (9T'1-85°0) 28°0 100> (06'0-75'0) 02°0 uyinos
180 (#7'1-59'0) 26'0 960 (se'1-52°0) 10T 1seayHoN uo13e007 AN|19e- JusLuleal L

131U3)D

- - 960 (zz'1-€80) 10T 139ueD ANunwiwod aAisuayaidwod

- - - - 131ua) J8Jue) JlWspedy

- - ¥6°0 (52'1-82°0) 660 181u89 J8oued Anunwwod adAL Auproed wswieall
- - - - MO
- - IT0 (T€'1T-66'0) 2T'T ubIH BWINJOA 85D J81ua)) JusWyesl |
aneAd | (1D %S6) 01redsppO | anfeA-d | (1D %S6) o1rey sppo PR a|qelren
SsAleuy ajgerreAninin ssAfuUY a|qeI/eAluN

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Laryngoscope. Author manuscript; available in PMC 2020 February 01.



Page 18

Cassidy et al.

- - 660 ﬁmN.Hlﬁm.ov 00T S9llw QTS 5___0& Jusuuieal) 0] 1oel] snsuad chm_qu wioJj aguelsig
- - - - 000'9%$ =
- - 900 (e7'T-T0T) 6T'T 666'S¥$ — 000'9€$
- - 680 (zz'1-08'0) 66°0 666'GES — 000'0E$
- - €10 (¥S'7-660) TZ'T 000'0€$ > 108. 1 SNSUD S, U3INEd JO BUWI0U] URIPSIN
- - 260 (92'1-18'0) T0°T %62
- - 020 (8€'1-€6'0) ¥T'T %6'82-02
- - G8'0 (67'1-18'0) 86°0 %6 '6T-T
- - - - %¥T> | (saj1enb) aa1baq |00ydS-yBiH © INOYNM J9B1] SNSUD S,Judled Jo abejusdlad
- - - - leany
- - 590 (7' 1-28°0) ¥T'T Uequn
- - 2L0 (80'1-06'0) 66°0 onsIN 30uspIsay 40 funod
. - . - +1
- - 880 (0T°1-08°0) 06°0 0 81025 AlIp1gIowo) 0Asg-uos|ieyD
- - - - 9JeAlld
- - 190 (€T'1-€8'0) L6'0 aIedIP3IN/PIEIIPAIN
- - 100 (20'1-€50) €20 painsul 0N SnyeIS soueInsu|
G500 (L0'2-66'0) ¥¥'T ¥0'0 (89'T-T0'T) T€'T Yo
G680 (0¥'1-92°0) €0'T 920 (0T'1-69°0) 280 %oelg
- - - - I 8oey
- - - - aewad
- - 160 (9T'1-28'0) 00'T e XS
- - 70 (T0'1-00'T) 00'T (eBues) ueipaN (sreaA) aby
SaNSLIBBIBYD JUSIES
aneAd | (10 %Se) 01red sSppO | aneAd | (1D %G6) 01red SppO pro a|celep
SsAleuy ajgerreAninin sEAfUY a|qeI/eAluN
"uoI1199sal

BAIIIULAP JO AW 8y 18 snye1s Uifisew aAnIsod YlIM UOIBI0SSE J18L) pue SI019.) JuaLIeal) pue ‘own) ‘wusned |je Jo sisA[eue a|geLIeAl|NW pue ajqeLIeAIuN

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript Author Manuscript

Laryngoscope. Author manuscript; available in PMC 2020 February 01.



Page 19

Cassidy et al.

- - 800 (0v'1-860) LT'T 181uaD J9dueD JlWapedy
- - 080 (02'1-620) 260 181u89 J8oued Anunwwod 8dAL Aupioed wswieall
- - - - MO
- - o (60'T-18°0) ¥6°0 ubIH 3WNJOA 9SBD) J9IUa)) JUaLWIeaI L
- - - - Syjuow 9<
LT0 (T0'z-88°0) €€'T 210 (62'1-€6'0) 62T sypuow 9-¢
T0'0> (89'T-60'T) 9€'T 100> (05'1T-0T'T) 82'T syow £—Q U0139353J dAINIULBP 0} SIsoubelp woly awi]
SINSIIBBIBYD JUSLIBEL |
100> (0L'v-2L'2) 1S5 100> (cLe-ze2) v6'2 AAINVAL
100> (e6'€-22'2) 96'C 100> (6v'e-z12) LT i
100> (Tez-€eT)9L'T 100> (e6'1-8T'T) 15T Il
- - - - | abeis [ea1bojoyred |[eInO
- - 100> (9v'2-€ST) ¥6'T +N
- - - - ON afels N [eatbojoured
- - 100> (09'e-0€2) 88'C aylrevl
- - 100> (8v'e-122) 1L €L
- - 100> (06'T-52'T) ¥S'T AN
- - - - TL afels 1 [eatbojoyred
. - . - oN
ST0 (80'1-88'0) 26'0 100> (eL'2-Lv'T) 0T SOA (A136ung 0 1011d) aASOd 3poN ydwAT Ajeatuno
9.0 (6¥'1-85°0) £6'0 €€0 (02'1-85°0) ¥8'0 pay10ads 10N
690 (T5'1-¥5'0) 06'0 180 (ev'1-v9'0) S6'0 puelo [enburians
L0 (62'1-€8°0) €0'T 290 (¥2'1-88°0) ¥0'T pue|D JenqIpuewIgnS
9e0 (LT'1-%9'0) 28°0 100> (16'0-09°0) ¥2°0 aleled
- - - - pue|S prosed ans Arewnid
SansLIgoRIRYD Jown
- - - - Sa|IW 0G<
- - €50 (ST'T-9L°0) €6°0 s9llw 0S-0T
aneAd | (1D %S6) 01redsppO | anfeA-d | (1D %S6) o1rey sppo P a|qelren

sisAeuy a|celeAlun

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Laryngoscope. Author manuscript; available in PMC 2020 February 01.



Page 20

Cassidy et al.

abels [[esano [eaiBojoyred yum Aiesur]jod ybiy 118yl 01 anp [pOW S|geLIBARNW 3Y} Ul PapN|oUl Jou a1am abels N pue | [edibojoyred ‘Aiaisod apou [eaiulfo ‘alou JO
x

9ouBdIIUBIS [RINISIIRIS SAIEdIpUI plog

[eAJBIU] B2UBPIUOD = |D

- - - - 1S9\

L0°0 (¢0'7-950) 920 100> (06'0-95°0) T2'0 1SAMPIN

900 (T0'1-95°0) S2°0 200 (96'0-T9°0) LL'0 yinos
98°0 (T7'1-52'0) £0'T €e0 (€T'T-890) 88°0 1sealjoN uoneo0 AjjIoed JusuEalL

131U3)D

- - - - J9our) AJunwiwo) aAisuayaldwo)
aneAd | (1D %S6) 01redsppO | anfeA-d | (1D %S6) o1rey sppo P a|qelren

SsAleuy ajgerreAninin ssAfuUY a|qeI/eAluN

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Laryngoscope. Author manuscript; available in PMC 2020 February 01.



	Abstract
	INTRODUCTION
	METHODS
	Patient Selection
	Statistical Methods

	RESULTS
	Patient Characteristics
	Predictors of Receiving Adjuvant Radiation
	Predictors of Receiving Adjuvant Chemotherapy
	Clinical Nodal Status Relationship to Pathological Nodal Status
	Predictors of Positive Margin at the Time of Surgery
	Factors Influencing Overall Survival

	DISCUSSION
	CONCLUSION
	References
	Figure 1
	Table 1
	Table 2
	Table 3

